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Abstract

We relax the assumption of the literature on international
coordination that policy-makers know the true model. Two coun-
tries will still be able to agree on a cooperative policy pack-
age that each believes will improve the cbjective function rel-

ative to the Nash non-cooperative soclution. However, the baxr-
gaining solution may move the target variables in the wrong
direction. These points are illustrated with monetary and fis-
cal multipliers taken from simulations of ten leading economet-
ric models. Out of 1000 poszible combinations of models that
could represent U.S5. beliefs, non-U.S. beliefs and the true model,
monetary coordination improwves U.S5. welfare in only 546 cases.
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International policy coordination is the fastest-growing research
topic in the field of open—economy macroecomomics.. The topic owes its
success to the happy marriage of the mathematical techniques of game theory
and the practical problem of coordination that has in the mid-1980s become
of central concern to international policy-makers. Virtually all of the
previocus cqordinatiou literature has made the automatic assumption that
policy-makers agree on the true model of how the world MACL0ECOnomoy
behaves.z As a consequence, it has reached a very strong conclusion: in
general, countries will be better off if they coordinate policies than they
would be in the Nash noncooperative equilibrium in which each government
sets its policies while taking those of the others as given.3 The empi-
rical literature is as yet less fully developéd than the theoretical
literature; but it too has claimed gains from coordination that, though
small, are necessarily positive.4

The assumption that policy-makers agree on the true modgl has
little, if any, empirical basis, Different governments subscribe to dif-
ferent economic philosophies. If one wishes to think of actors as perpe-—
tually processing new informatiﬁn in a Bayesian manner, so that their

models over time would converge on any given reality in the limit, then one

must admit that thgmﬁpged_oi_cnnuetgencemismsuiﬁieientiymslewT_efmeise ----- that

reality is changing sufficiently rapidly, that policy-makers have not been
able to reach agreement on the true model, Nor is there much prospect of
their doing so in the foreseeable future.,

Professional economists are not much more able to agree on the

correct macroeconocmic model than are policy-makers. A concrete
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illustration was offered by a recent exercise in which a group of econo-
mists workiﬁg under the auspices of the Eroékings Institution asked those
responsible for twelve leading econometric models of the world economy to
simulate the effects of some carefully-specified policy changes.5 The
predictions of the models varied widely as to both the magnitude and the
sign of the effects on output, inflation, exchange rates and current
account balances, among trading partners and even in the country

carrylng out the policy change. (See Tables 1 and 8 below.) At best,

no more than one of the models can be right, and it seems unlikely that

even one of them is exactly right.

Lack of knowledge as to the true model helps explain a troublesonme
fact. While support for the proposition that coordination would improve
welfare is widespread, proponents do not generally agree on the nature of
the Pareto-improving package of policy changes that is called for in any

particular set of circumstances. Some call for coordinated expansion, some

for coordinated discipline, some for coordinated shifts in the mix between
monetary and fiscal policy, and so forth.6 Disagreement, even within one
country, as to where the economy currently sits relative to the desired
values of the target variables is responsible for some of the disagreement

on the desirable coordinated policy changes, but disagreement as to the

correct model is also a significant factor., As William BEranson (1986, p.
176) says, "With this range of disagreement on economic analysis, how are
the negotiators to reach agreement? The topic is one for the National
Science Foundation, not a new Bretton Woods.”

One implication of the lack of agreement on the true model is, of

course, that "more research needs to be done.” But the implicatioms for



any policy coordination that might take place in the meantime are
considerably more interesting. This paper demonstrates two propositions
that hold when policy-makers disagree on the model. First, such policy-
makers will in general be able to find a package of coordinated policy
changes that each believes will improve its country's welfare relative to
the sub-optimal Nash noncooperative equilibrium.’/ Second, and in striking
contrast to the standard result when policy-makers agree on the model, the
package of coordinated policy changes often turns out to reduce welfare, as
judged by some true model of reality, rather than to raise it, F;r
example, using ten models from the FErookings simulations as models which
could represent the views of the U.S. government, the viewsof other
industrialized countries, or the true world macroeconomy, we find that out
of 1000 possible combinatioms, monetary coordination perceptibly improves
U.S. welfare in only 546 cases, and improves the welfare of the other
industrialized countries in only 539 cases.

The first two sections of the paper analyze 4 very simple game where
two countries, the United States and "Europe” (shorthand for the non-U.S.
OED), must decide how to set their money supplies soc as to come as closge
as possible to their desired levels of two target variables: income and

the current account (internal balance and external balance), Section I

makes the two points theoretically, that the two centrai banks will in
general be able to agree on a coordinated policy package that each thinks
leaves its country in a better position, and that the package might in fact
leave them in a worse position. Section II uses the multipliers from the
ten models in the Brookings simulation to provide a dramatic illustration

of the points.




In section 11T each government is given a second policy instrument,
government expenditure, to use in addition to monetary policy, and a third
target variable, inflation, to pursue in addition to income and the current
account. Again we see that the governments will in general find a coordi-
nated policy package that they expect to improve welfare, but that it often
has the opposite effect in reality. The Appendix considers extensions of
the framework to deal with the policy-maker's uncertainty regarding ﬁhe

true model, or the other player's model, or both.

Section I: The Theory of Monetary (bordinatiorn with Disagreement

Here we assume that each country is interested in two target
varilables: 1ts own output, denoted y for the United States and y* for
Europe'(expressed relative to their optimum values and in log form), and
its current account balance, denoted =z and x respectively (expressed
as a percentage of GNP and again relative to their optima). Each govern-

ment seeks to minimize a quadratic loss function.

(1) W =y2+mx2
* * * %
{(2) W =y 2 +w X 2

where ® and o' denote the relative weights placed on external balance

versus internmal balance.
We assume a general framework in which the targets are linearly
related to the available policy instruments, which in this section are

limited to the countries' money supplies, m and o* respectively (in log

form). We denote the parameters as perceived by the U.5. authorities by a

" "

us” subscript.




*
(3) y = Aus + Cus m + Eus m
*
(4) x=B +D m+F m ,
us us us

We denote the parameters perceived by the Furopean government by an "e"
subscript,

* *
(5) y =G +Im+Knm
e e e

(6) X = H + Ja+l m .
e e e
Since each country has only a single instrument but two targets, it
cannot unilateraily achieve its targets. We begin by considering the Nash
noncocperative equilibrium. To ascertain U.S. behavior we differentiate

(1) with respect to m, using (3) and (4) and holding o constant, It

follows that the U.S. reaction function is:

%
(7) n=M+Nm,
us us Y L Dus
where M= - 3 3
C + w D
us us
C +uw D
d N = - us us us us
an 5 3 .
C + wD
us us

To ascertain Buropean behavior we differentiate (2) with respect to m?,

using (5) and (6) and holding m constant, The European reaction funection

is:

and R= -_¢ & e & .




We solve equations (7) and (8) for the Nash equilibrium.

n M+ N
(9 n I = NR

*n Q + MR
(10) n TR

Figure 1 shows the two policy-makers' reaction functions, equations
(7) and (8). The optimum point as perceived by the U.S. policy-makers 1is a
point 0O, on its reaction function. Ooncentric indifference curves ~
radiate from O, . These curves are vertical wherever they intersect the
reaction function, because @m 1s chosen so that its marginal benefit
given m* is zero. Similarly the optimum point as perceived by the

European policy-maker is a point P,, and its concentric indifference
curves are horizontal wherever they intersect its reaction function,

We have drawn the Huropean reaction curve as steeper than the U.S.
curve., One might expect the effects that are largest im absolute value to
be the positive effects of money on domestic output: C in equations (3)-
(4) for the United States and K in equations (5)-(6) for the nou-U.S.
oE .8 1t follows that, unless the welfare weight w on the current

account is large, the absolute value of the slope of the U.S. reaction

function 1s less than one when the U.S3. money supply is on the vertical

axis, and vice versa for the European reaction function.

The possibilities for the sign of the slope are more diverse, If
monetary expansion is thought to be transmitted negatively to trading
partners (E < 0), presumably via a depreciation of the currency and
improvement in the trade balance of the expanding country as in the

Mundell-Fleming model, then the slope is positive: N > 0., If monetary

transmission is thought to be positive on the other hand (E > 0), then




the slope is ambiguous: when the welfare weight « on the current account
is small, the slope is negative, but when o is large, or when the
transmission multiplier E 1is small (relative not only to the own
multiplier €, but also to the current account multipliers D and F),
the slope is again positive., (We are assuming that D and F, the
effects of m and m* opn the domestic current account, are of opposite
signs by symmetry.)

The same analysis holds for the foreign reaction function (e.g.,
I1<03R>0), though it must be remembered that even if any given model
is symmetric, the two reaction functions could easily have opposite slopes.
Por example one country might believe that transmission is negative and the
other that it is positive., In Figure | we have drawn the functions
downward-sloping: a foreign expansion is transmitted positively to the
domestic country and so the domestic government reacts by contracting.

The Nash equilibrium N is determined as the intersection of the
two reaction functions. At N the indifference curves cannot be tangent,
but must intersect, since thelr respective slopes aré infinity and zero,

It follows that the Nash equilibrium 1is perceived as Pareto-inefficientf
Both policy-makers think they would be better off if they could agree to

move to a point within the "lens"” determined by the intersection of the two

indifference curves.

As we have drawn the graph, each country would like to expand but is
afraid to do so on its own, presumably because of adverse implications for
the current account. But they can agree to expand simultaneously, moving
northeastward in the graph to higher levels of perceived welfare. Such

joint reflation is the kind of international coordination that has been




urged on Germany and Japan by the United States under two different
Administrations: in 1977-78, in the form of the "locomotive theory,” and
in 1986 in the form of cocrdinated discount rate cuts.9

1f an efficient mechanism of coordination exists, the countries will
move, not just northeastward, but specifically to ome of the points on the
contract curve, where the two countries' indifference curves are tangent.
There is no strong reason to choose any particular point. Nor, for that
matter, is there reason to think that any Pareto-improving solution can
necessarily be enforced. Bt we follow much of the literature in
considering the Nash bargaining solution, defined as the point where the
product of the two countries' perceived welfare gains, compared to the

perceived welfare at the Nash noncooperative solutiom, is maximized:
* * * * n *
(1L Max (wus (m, m ) - oo (mP, m “)}[we (n, m ) - W, (n, m n))
subject to equations (1)-(6).

One would differentiate with respect to m and o° to find the bargaiaing
*
solution (mp, m_b), a point such as B in Figure 2.
Once we recognize that the two policy-makers have different models

of the world, we must recognize that one, or both, will be wrong. To

evaluate-whetherthe bargaining solution...B _is superior to the non=
cooperative solution (m“; m*“) not just in perception but also in
reality, we would have to know the true parameter values, the ocutput and
current account funections (3)-(6) without the subscripts:

*
(12) y =A+cmn+En

*
(13) x =B+ Dmn+Fn




* *
{(14) ¥y =G+ In+Kn

. * *
(15) x =H+Ja+Lno,

We would then plug =? and m*b into (12)-(15), and in turn plug the

target variables into the loss functions (1) and (2), to see whether the
bargaining solution in fact improves welfare,

In the standard case where the policy-makers agree on the correct
model, coordination must necessarily improve welfare for each country, or
else its government would not have agreed to go along. In our case,
coordination‘EEZ.improve welfare. For example if the true model is very
close to that believed by the U.S. authorities, then the true igso-welfare
map will be very similar to the perceived indifference curves shown in
Figure 1, and U,.8, welfare will indeed be higher at B than N. But this
need not be the case,

The true optimum policy combination to maximize U.S. welfare is
given by differentiating (1) with respect to m (as in the derivation of
(7) but without the subscripts), and with respect to m*, and solving

simultanecusly:

(16) 2° = M (E2 + mFZ) - N (AE + wBF)
(E® + wF%) + N (CE + wOF)

+

_AE + wBF _ CE + uDF o

*g
(17) m = 5 2 21]1 .
B2+ WFe  E? + uF

If the true optimum point O {s not at O, but rather is as shown in
Figure 2, with the new set of true iso-welfare curves drawn, then the move
from N to B could very well be in the wrong direction, resulting in a

reduction in U.S. welfare, Similarly if the true optimum policy combina-




tion from the viewpoint of European interests is not at Py but rather
at P as shown in Figure 2, then coordination could reduce Eurcopean
welfare as well.

It is worth considering momentarily the case when the two policy~-
makers are seeking to maximize the identical objective function, and
disagree only about the proper model. For example they might be the
monetary and fiscal authority within the same country, Our twﬁ proposi-
tions would still hold: (1) the two policy-makers will in general be able
to agree on a package of coordinated policy changes that each thiﬁks will
improve the (same) country's welfare relative to the Nash noncooperative
solution, and (2) the package agreed to in bargaining could in fact worsen
welfare as easily as improve it, This is the case considered in Frankel
(1986b).10 While in that paper coordination arises solely from different
percepfions, and in the conventiocnal literature it arises solely from

different objectives, in the present paper both factors are present.,

Section II: ordination with Ten Internmational Fconometric Models

How important for coordination is the issue of conflicting models

likely to be in practice? Is the case where bargaining reduces welfare as

judged by the true model merely a pathological counterexample, or is it a

likely occurrence? In what follows we use the international simulation
results of the macro-econometric models that participated in the Brookings
exercise to get an idea of what might actually happen if governments
coordinate.,

The models were asked to show the effects of four expgriments, among

others: an increase in the U.5. money supply, an increase in the non-U.S.




OECD money supply, an increase in U.5. government expenditure and an
inerease in non-U.S. OECD government expenditure. In each case the
instructions were to hold the other policy instruments constant. Though
twelve models participated, some did not report effects on current account
balances, which we need along with effects on output levels. The ten that
we can use here are the Federal Reserve Board's Multi-Country Model (MCM),
Patrick Minford's Liverpool Model (LIVPL), the Sims-Litterman Vector Auto-
Regression Model (VAR), the OEM's Interlink Model (OECD), the Project Link
Model {LINK), the McKibbon-Sachs Global Model (MSG), the EEC Commissions'
Compact Model (EEC), the Haas-Masson smaller approximation of the MCM model
(MINIMQD), the Economic Planning Agency model (EPA), and the Wharton model
(wharton) . These models are quite representative of the range of econo-
ﬁetric models actually in use, includiﬁg as they do models both large and
small in size, structural and nomstructural in approach, Keynesian and
neoclassical in philosophy, backward-looking and forward—looking in
expectations formationm, non—-American and American in authorship, and
public-sector aﬁd private~sector in function.

Table 1 reports the effects of monetary expansion on several
macroeconomic variables according to each of the 12 models. The simula-

tions showed effects over six years, but ours 1is a static framework; we use

only the effect in the second year. (Two years is intended to be just long
enough to get past the negative part of the "J-curve effect"” of the
exchange rate on the trade balance.) The models all agree that a monetary
expansion raises domestic output, but they agree on little else., There is
a surprising amount of disagreement, in particular, on whether a monetary

expansion improves or worsens the current account and, in turn, on whether
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it is transmitted negatively or positively to the rest of the world. The
reasons for this and other disagreements in the simulations are examined
elsewhere.l! It suffices to repeat that disagreements with respect to both
the sign and magnitude of effects are common among honorable economists,
and are common even within subsets of models that are supposedly similar in
orientation, let alone among policy-makers.

The first half of Table 2 reports the multipliers for output and the
current account calculated in the form that we need: as a percentage of
GNP per one percent change in the money supply. To save space in this and
other tables below, we report mmbers for only four of the models: MM,
VAR, OEXD and LINK. Numbers are reported for six models, ineluding also
the LIVPL and MSG models, in the tables in the NBER Working paper version
of this study. The qualitative ocutcome of calculations will be reported
here for all ten models, including also the EEC, MINIMOD, Wharton, and EPA
models , “

Computing the policy-makers' reactions requires kmowing not only the
perceived policy multipliers, but also the target optima and the welfare
weights . We adopt the same target values as Oudiz and Sachs (1984):
current accounts of zere for the United States and ﬁwo percent of GNP for
the non-U.S. OE, and GNP gaps of zero for both regions. The baseline

values of both variables, specified as part of the Brookings simulation

exercise, were below target as of 1985. Thus policy-makers will seek to
increase both output and the current account, The targets, together with
the baseline values for the variables and any set of policy multipliers
from Table 2, imply corresponding values for the constant terms A, B,

G and H 1n equations (3)-(6).
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The choice of welfare weights « and w is necessarily more
arbitrary, even, than the choice of target optima., Oudiz and Sachs chose
the values that the weights would have had to have held for countries to
have produced the values of output, inflation and the current account
actually observed in the 1980s, assuming a Nash noncooperative equilib-
rium, For lack of a better alternative, we adopt the set of weights
calculated by Oudiz and Sachs for the EPA model, and apply itruniformly
regardless of model. It would be of questionable benefit to repliéate
their methodology separately with each model; our welfare compari;ons
require a common objective function. On the other hand, setting a common
set of weights for all models has the drawback that the Nash solution may
lie very far from the baseline for certain combinations of models., Often,
in our simulations, such large moves to the Nash point resulted in a loss
in welfare which was recovered in a similarly large move to the coordi-
nation point. In general, our methodology may bias our results towards
gains from coordination because often all the models agreed on move from
the remote noncooperative point. In order to test the sensitivity of our
results to the chosen weights, we repeated the experiment two more times,
using different weights. The alternate weights were obtained by using

Oudiz and Sachs' methodology, pegging the Nash equilibrium to the baseline,

for two models: the OE® and LIVPL models, respectively. The qualitative
findings did not change.12 7

If the U.S., policy-maker can helieve any of the ten models and the
non~U.S. (henceforth "European") policy-maker can believe'any of the ten
models, then there are 10 x 10 = 100 possible combinations, each implying

a different Nash noncooperative equilibrium. For each combination we
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computed the values of the two countries' variables of interest in the Nash
noncooperative equilibrium: the money supply, the perceived output and
current account and the perceived welfare function.13 All but one of the
16 cases we report called for expansion from the baseline by one country or
the other.

Cur main interest lies in the move from the noncooperative to the
bargaining equilibrium, shown in Table 3. To take one example, if the U.S.
policy-maker bélieves in the MM model and the European policy-maker
believes in the QEQX model, then they can agree to expand further their
money supplies simultaneously (0.37 percent and 1.59 percent, respec-
tively). They each believe that this policy package will result in higher
output with little adverse effect on their current accounts. This is the
cften-mentioned case in which the Nash equilibrium is too contractionary,
But besides the case of simultanecus expansion (6 combinations of models in
this table), every other case is possible, as well: European expansion
with U.S. contraction (7 combinations), U.S. expansion with Baropean
contraction (2 combinations), and simultanecus contraction (1 combination),

Without knowing the true model, we can not determine whether any
given policy package actually improves welfare. But we can get a good idea
of the possibilities by trying out each of the models as a candidate for

the true model. The 16 cells in Tables 4 and 5 correspond to the same 16

combinations as Table 3. But within each cell we report the effect that
the corresponding coordination package of Table 3 would have under each of
the 4 models; thus there are 43 . ¢4 combinations in all.l?® Table 4
shows the actual effect of coordination on U.S. welfare and Table 5 the ef~-

fect on European welfare. Whenever one or the other policy-maker turmns out
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to have had the right model, his country does gain from coordination.
Otherwise he would not have agreed to the package. TFor example the joint
monetary expansion that they agree on when the U.S. policy-~maker believes
the MM model and the Buropean policy-maker believes the CECD model is seen
to raise U.S. welfare if the MM model is the true one (Table 4) and to
raise European welfare if the OECD model is the true one (Table 5). It
also turns out to raise both countries' welfare if the LINK model is the
true one. But it turns out to reduce welfare if the VAR model i3 the cor-
rect one (also the LIVPL and MSG models) . The reader who does not beliave
in one of the latter three models might not be concerned with that re-
sult, But such a reader should instead be concerned with the result that
when the U.S. policy-maker, for example, believes in the LIVPL model and
the European policy-maker in the VAR model, coordination will reduce wel-
fare according to each of the_ggggg_models.ls

Altogether there are 103 = 1000 combinations counting those not
shown in the tables. Gordination turns out to result in gains for the
United States in 546 cases, as against losses in 321 cases and no percep—~

tible effect (to four decimal places) in 133 cases. For Europe there are

gains in 539 cases, as against losses in 327 cases and no effect in 134

_mcaagaJ_these_figuzeswin—a—sense-overstatemthe_odds in ravor of successful
coordination, in that by construction each country's walfare ig improved
(or ‘at least not worsened) in 1/10 of the combinations, those in which the
policy-maker has the same model as the true one. If we take only the

10 x 9 x 9 = 810 combinations where neither country is correct, the pro-
portion of losses is higher. For the United States there are gains in 419

cases, as against losses in 286 cases and no effect in 105. For Europe
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there are gains in 408 cases, losses in 798 and no effect in i04.

The results thus suggest that the danger that coordination will
worsen welfare rather than lmprove it is more than just a pathological
counterexample. One cannot, under conditions where policy—makers subscribe
to different models, make the blanket pronouncement that coordination as it
has been defined in this paper must improve welfare.

1t would be helpful to know whether the incidence of gains vs.
logses from coordination can be associated with any particular patterﬁ in
the perceptions of the policy-makers. Such knowledge might allow us to de-
vise alternative concepts of cooperation that would be more likely to
improve welfare.

In our framework, losses may occur because countries make errors on
the sign of the multipliers (so they adjust their instruments in the wrong
direction from the true utility-improving direction) . On the other hand,
losses may also occur if countries are correct about the sign of the
multipliers, but perceive monetary policy to be less effective than it is
in reality. In this case, they may adjust their instrumenta in the direc-
tion of the true coordinaéion point, but adjust the instruments too much.
This may result in a loss in welfare if "overshooting” 1is severe. A simple

remedy for the second type of loss would be to make smaller moves to reduce

losses due to the incorrect magnitude effect, teaving onlysign-errors.—In

our simulations, overshooting turns out to be the cause of the losses from
coordination in only 25 out of the 189 cases in which coordination results
in losses for both countries., The primary reason for losses in our simula-
tions 1s, then, poves in the wrong direction. Given the diversity

of signs in the models we included in our simulations, this is not surpris-—
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ing. Based on cur simulations, smaller policy moves would not much improve
the case for coordination.

Another modification might be to allow the countries to agree on the
model they wish to use before coordination. In ocur framework, even assum-—
ing such agreement is possible, there is no reason why it should necessari-
ly improve the incidence of gains from coordination, since agreeing on the
model dces not necessarily improve the chances that the chosen model is
correct, However, for the subset of cases where the two countries do agree
on a single model, the incidence of gains does happen to be somewhat higher
for our simulations. The U.S. gains in 65% of the cases, while Europe
gains in 597 of the cases.

While our results indicate that coordination may frequently result
in losses, we have said nothing of the magnitude of the losses or gains to
cooperation., Specifically, it would be interesting to know whether there
1s an argument for cooperation based on the magnitude of the potential
gains even in the best case when countries cooperate using the correct
model. Oudiz and Sachs (1985), Hughes Hallett (1985) and others who have
estimated the gains from coordination have described them as small, even
when positive as they must be in the conventional framework. But how émall

is "small"™?

In order to obtain a sense of how large or small the gain or loss to
cooperation might be, we need a standard by which to judge these changes in
welfare. We choose as a standard the gain to a single policy-maker, who
may previously have bglieved an incorrect model, of discovering the true
model and unilaterally adjusting his poliéies accordingly while staying

within the Nash noncooperative equilibrium.
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Table 6 shows the gains to the United States from a unilateral

switch to the correct model by the United States. If the United States al-
ready has the correct model, the gains are zero., Otherwise, the gains are
substantial., There is no guaranteed gaim in utility to the U.S, when it
switches to the correct model, as is illustrated by the occasional negative
gaing to the U.S. of a unilateral switch to the correct model. For ex—
ample, if Europe were to believe the OEX model, the U.S. would do better
if it could play the OEMD model as well even if it knew that the LINK model
were correct., In these cases, the U.S. could be thought to lose bargaining

power to Burope if it switches to the true model. But the gains are usual-

1y positive.

The numbers in parentheses in the left-hand column of the table are
the gains to cooperation assuming that all countries believe the same, cor-
rect model, to bias the case in favor of coordination. If all countries
believe the VAR model, the gains are substantial. In the majority of
cases, however, the gains to cooperation as shown are quite small compared
to the gains to the unilateral switch to the correct model. As can be seen
from Table 7, this is true of PFuropean gains when Europe makes the uni-

lateral switch to the correct model as well.

Together

In this section we give each country a second tool, government
expenditure — g for the United States and g* for Burope. We must add
a third target variable for each country; otherwise'each will be able to
attain its optimal point regardless what the other country does. We choose

the inflation rate., Now 24 multipliers are relevant from each model: the
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effects of m, m*, g and g* on U.S. cutput, current account and
inflation and European output, current account and inflation.

Table 8 reports the effects of fiscal expansion according to all 12
models. Table 2 reports the 24 multipliers for each of the four models.
There is not as much disagreement regarding fiscal policy as monetary poli-
cy. A domestic fiscal expansion in most of the models is transmitted posi-
tively to the other country, via a domestic current account deficit. But a
few models have fiscal or monetary expansion teducing the domestic pri;e
level rather than raising it.

We agaln assume that each country seeks to minimize a quadratic loss
functi@n. Rather than repeating our earlier points in algebraic form, we
turn directly to the simulation results. As hefore, the weights and target
optima are taken from Qudiz and Sachs (1984)., The inflation target is
zero for both the United States and Burope., Thus policy-makers will seek
to reduce Inflation, as well as to increase output and the current account.

Table § reports the Nash bargaining solution. For one example, when
the United States subscribes to the LIVPL model and Europe to the EPA
model, the resulting package of coordinated policy changes takes exactly
the form urged by many economists in the 1980s: a U.S. fiscal contraction,

accompanied by a fiscal expansion in the rest of the OECD and monetary

expansion_aii—aroundilﬁ"_ﬁhis—package“is“cvnsiﬁéréﬁ_ﬁéé1rable because it
would depreciape<the dellar and reduce the U.S. current account deficit
(and European and Japanese surplus) without causing a large world

recession.l? pi+ mogt other pessible kinds of policy packages occur as

well, as can be seen in the table,
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Tables 10 and 11 show the true gains from coordination for the U.S.
and Burope, respectively. Again we find that coordination necessarily
improves U.S. welfare if the U.S. model turns out to be the correct one,
and Buropean welfare if the European model turns out to be the correct one,
but that otherwise welfare can go down. Of the total 1000 combinations of
all ten models, the United States has gains in 494 cases, losses in 398,
and no perceptible effect in 108. Europe has gains in 477 cases, losses in
418, and no effect in 105. If we take only the 810 combinations where
neither country is correct, bargaining results in U.S. gains in 532 cases
and losses in 357, and for Europe gains in 408 cases and losses in 376.
Thus the odds for successful coordination appear to be no better when
policy-makers can take advantage of the monetary-fiscal mix than when the
degree of monetary ease is alonme at stake.

The results for the two-instrument case generally confirm those of
the one-instrument case. As mentioned in Section II, however,
modifications of the coordination concept may improve the case for coordi-
nation. The Appendix explores other possible definitions of coordination
and the resulting gains. The Appendix allows each policy-maker to take
into account explicitly the uncertainty he faces regarding the true model,

or uncertainty regarding the model believed by the other countr?. First,

there are sometimes gains simply from each country's telling the other what
model it believes, as compared to a noncooperative equilibrium in which
each must guess the other's model. Second, there are often gains from
countries' pooling estimates as to the correct models ., .]he Appendizx re—
ports results on these two definitions only, but more definitions should be

investigated, including exchange of information over time to allow learning




of the correct model, This would be an important extension of our work.
Thus, the scope for useful international cooperation remains wide, provided
it is defined more broadly than in the sense explored in the first sections

of this paper.
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Appendix

This paper has made the simplest assumptions to examine the topic at
hand. Some readers of earlier versions have suggested that, in a world in
which different models abound, it is not sensible to assume that each
policy-maker acts as if he knew with certainty to which model his opponent
subscribes or even which model he himself considers to be correct. We now
consider extensions in each of these two directions in turnm.

To begin with, we retain the assumption that each policy-maker
believes in his own model with certainty, but we allow for uncertainty
regarding the other's model. A reason for such uncertainty regarding the
other's model might be that several models might be believed by different
policy-makers within the other country's govermment. The model which will
actually be used in setting policy is the unknown outcome of a political
process within the other country. The policy-maker will set his policies
go as to maximize expected welfare, a weighted average of the economic
consequences of each of the policy settings that the foreign government
would chocse under each of the possible models to which it might subscribe.
The foreign government's policy settings in turn will depend, not just on
its model, but also on its beliefs about what the first country's model,

and therefore its actions, might be.

The U.S. central bank chooses ma to minimize

1?: w { *)
T, . m,
gop 13 T1V By

where ﬂif is the U.S, estimate of the probability that Europe believes in
3

*
model {1 given that the U.S. believes model j and , is the money

supply Europe will pick 1f it believes in model 1. If the U.S. central
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bank believes in, for example, model 1, then the first order condition is
similar to equation (7), but with the foreign money supply replaced by a

weighted average of the possibilities.

10 * "
¥ =
(77) ml M1 + Nl z vil mi
i=1

or

) *! &

= -+ .

@, Ml Nl(ﬂl m )

1
where ﬂl 1s the row vector of ﬂil and fi: is the column vector of

mi* (each for i=1,10 assuming ten possible models).
*
Similarly the Buropean central bank choses o, to minimize
10 % *

Lompiy (g my)

i=}
whera Tik is the Buropean estimate of the probability that the United
States believes in model i given that Eurcpe believes model k,19 and
m; 1is the money supply the United States will pick if 1t believes in

model i. If the European central bank believes in, for example, model

2, then the first order condition is

* ]
' = +
(8") m, Q2 Rz(nkm)
1
where ™ is the row vector of m,., and m 1is the column vector of

m; . We have one version of equation (7') for each of the ten models in

which the U.S. central bank might belleve, giving

and similarly for Europe,

(8'") @ = g+ K




=2l

* *
where 1 1s the {10x10) matrix of the ﬁj s

a1 1s the (10x10) matrix of the ﬁk’
M and Q are the (10x1) vector forms of M, and Qy,
and N and R are (10x10) diagonal matrices with the N; and R,

on the diagonal.

Substituting and solving,
k- *
(9" m = [I - Nx Rrj 1 M+ Nr Q} -

(10") '{_- (- RnNu*l"l [Q + RaM] .

where I is the {10x10) identity matrix.

Equations (9')-(10') represent the 10x10 computable noncooperative
solutions for the 10xl10 combinations of models in which the two policy-
makers could believe. As a concrete example we try putting equal weight on

. *
each of our ten Brookings models: n, = m, = 1/10 (i=1,10) « The

i i
bargaining solution remains the same as before, assuming that an enforce-
ment mechanism is designed such that each policy-maker must reveal his
model as part of the cooperative bargain. As before we calculate in each
case the gain or loss in welfare entailed in the move from one equilibrium

to the other, where the true effect of any given pair of money supplies is

judged by each of the ten models in turn.

The simulations indicate that the noncooperative point when each
country believes its own model with certainty but averages over the pos-
sible models followed by the foreign country, is quite similar to the
noncooperative point under certainty, as §1scussed in Section II. If the
own effects on income — the multipliers of the largest magnitude -- play a

large role in determining the position of the noncooperative point, then
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one would expect little change since there is comparative agreement over
these mltipliers. This argument is supported by a larger discrepancy
between the noncooperative points under averaging and certainty when the
own effects on income are small relative to cross effects or relative to
the current account multipliers.

As in the earlier sections, the interesting question, under the
assumption that each player averages to estimate the other's model, is the
effect of coordination. Table 12 reports how money supplies change, and
with them the perceived values of the target variable and welfare, in the
movement from the noncooperative point under averaging to the Nash
bargaining peoint under certainty. Since it is assumed that one feature of
cooperation is that each reveals his model to the other, one country or the
other may lose bargaining power by having both their models revealed. For
th;s reagson, the "perceived gain” reported in the last two lines of each
cell in Table 12 is sometimes negative, even though the perceived gain from
coordination with no change in information must necessarily be positive.

The actual effect of coordination depends on the trﬁe model, as
usual. Tables 13 and 14 report the change in welfare for the United States
and Europe under each of the four alternative candidates for the true

model. If we include all ten models, coordination under averaging improves

U.5. welfare in 600 cases out of the total of 1000 combinations, against
398 losses and 2 cases with no significant change in welfare. For Furope,
welfare‘improves in 643 cases, falls in 355 cases and has no significant
change in 2 cases. The frequency of losses and gains is slightly higher
than in the case where each knows the other's model with certainty, but

there are fewer incidences of no significant change in welfare. This may
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be because the move from noncooperative to cooperative points now invelves
moving from uncertainty to certainty about the other country's model. This
change in information results in a slightly larger move than in the case
when there was no change in information, and thereby eliminates many of the
cagses of no significant change in welfare.

The second extension relaxes the assumption that each policy-maker
acts as if he were certain as to the correct model, We assume rather that
policy-makers assign weight to the possibility that each of the ten models
may be true, and choose their policies so as to maximize expected welfare.20
To preserve sSome disagreement about models, we could assume ghat each puts
primary weight on a favorite model of his own, but also puts some weight on
the other models (perhaps with larger weight on the favorite medel of the
other player, on the theory that he must have accesg tc some independent

informaﬁion). Here we consider, instead, the simple case of uniform

weights. As a result, each will be playing by the same "compromise” -

model. As before, 1f heavier weight were placed on particular models, the
solution would lie between the results shown here and solution under
certainty.

The noncooperative solution under averaging by both policy-makers

over the possible correct models 1lies farther from the noncooperative

solution under certainty (as in Section II)“than"doeSMthewneneeepe%ativemm“mmmMmmmmm;
solution when each policy-maker averages over the other's model (as in the
first extension). In this case, all the multipliers change, not just the
foreign multipliers, so a larger move would be expected.,
As before, the main interest is in characterizing the move to the

cooperative point, but two types of cooperation are possible. In the first
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case, the cooperative point is the Nash bargaining solution given that each
country follows the "compromise” model, If this type of cooperation is
compared to the noncooperative averaging solution (see Tables 15 and 16)
there is a true gain for Europe in more than half the cases, but a loss for
the U.S. in the majority of cases: The United States gains in 200 cases,
but loses in 800 cases, while Europe gains in 600 cases and loses in 400
cases., This seems to be because the cooperative sclution involves an
increase in European money ;upply, but a larger decrease in U.S. mone§
supply .- For many models, the U.S. contraction results in a loss in U.S.
income, while the Buropean expansion results in an increase in Furopean
income. This represents a welfare loss for the U.S., but not for Europe,
since the noncooperative point is, in general, too contractionary. Even
though the frequency of losses for the U.S. is large, the magnitude of the
losses is small compared to the European gains. Since Europe gains while
the T.S5. loses under this type of cooperation, this introduces the
possibility that cooperation under averaging might result in gains to both
Europe and the U.5., if side payments are allowed between the two
countries,

The second type of coordination would suppose that, under noncoope—~

ration, the two countries stubbornly believe their own favorite models,

while under cooperation, the two countries agree simply to average over the
possible correct models and play either noncooperatively or

cooperatively. If this concept of cooperation is used, both countries gain
in more cases than they lose. If the noncooperative averaging point is
compared to the noncooperative point under certainty, (see Tables 17 and

18) the move results in gains for the U.S. in 568 cases and losses in 432
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cases, while the move results in gains for Europe in 513 cases and losses
in 487 cases. The probable reason that averaging usually raises welfare is
the statistical principle that the average of ten numbers is closer to the
individual numbers, on average, than the individual numbers are to each
other. The principle does not apply directly, because each policy-maker's
having a better estimate of the "true” parameters does not necessarily
imply that the noncooperative equilibrium will be better, but it seems to
work here,

A third extension would be to assume both uncertainty about the true
model (as in the second extension) and uncertainty about what probabilities
the other policy-maker assigns to the models (as in the first extension).
Here it would be possible to assume that the policy-makers originally
éhared the same priors, but that they ﬁave observed different sets of data
and have come to different conclusions for that reason. Let A, be the
set of data from which U.S. econcmists obtainéd the maximum likelihood
point estimates of the parameters that we have been calling model 1. Such
estimates come with standard errors that imply (in terms of classical
statistics) the probabilities that oune could have observed Z, conditional
on each of the other models in fact being true, or (in terms of Bayesian

statistics) the probabilities that each of the models could in fact be true

conditional on the known fact that A, has been observed. Similarly if

A, 1s the set of data from which European econoﬁists obtained a maximuim

2
likelihood estimate that we have been calling model 2, then Bayesian

methods will give us (conditional on 2, and & set of priors, which may be
the same as the U.S. set of priors) BEuropean probabilities that each of the

models 1s true., Then each policy-maker will choose his money supply so as
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to maximize expected welfare, taking into account all the different data
setsrthat the other central bank could have drawn and the money supplies
that it would consequently set, and also taking into account the different
possible true models and the consequent effects on the macroeconomy. The
jinteresting application of Bayesian principles comes in the realization
that the two kinds of uncertainty are not independent . The probability
that a given action by the foreign central bank will have the consequences
implied by model 2 is greater if that action 1is the one that would be
optimally chosen based on the observation of the data set Ay, i.e., that
data set that would imply model 2 as the maximium likelihood estimate. In
terms of the simulations, this extension would lead to a combination of the
outcomes of the first two extensions. If the probabilities are chosen to
be independent and equal, the solutiom is the same as that of the second
extension. If both countries have a very strong belief in g single model
which also affects their beliefs about the truth, the solution is very much
iike that of the first extension.

These three extensions are more elaborate models of the Nash nonco-
operative equilibrium, but none offers an evident reason for altering our

conclusion that the bargaining solution is as likely to reduce welfare as

to improve it. For those interested in making coordinatiom work, it is

aatural to ask whether there might not be some other cooperative solution
concept not discussed here (that is, mapping from the players' beliefs and
welfare functions to their policy gsettings) that would turn out to improve
welfare by light of the true model more often than does the Nash bargaining

equilibrium in Tables 4-5 and 10-11.
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Footnotes

Hamada (1976) is generally credited with the birth of the topic in its
modern analytic form (though under the assumption of fixed exchange
rates). More recent contributions include Canzoneri and Gray (1983),
Miller and Salmon (1985), Rogoff (1985) and Buiter and Marston (1985).
For good introductions to the literature and further references, see
Oudiz and Sachs (1984), Goper (1985), or Fischer (1987). |

We have become aware very recently of some new papers on coordination
that do allow for policy-makers to be uncertain as to the true

model: Ghosh (1986), Ghosh and Ghosh'(1986), Roubini (1986) and
Holtham (1986).

There are two important qualifications to the generality of the
propesition that coordination improves welfare under the standard
assumption that policy-makers know the true model. The first is that
if policy-makers have enough independent instruments to reach their
optimum target goals regardless of each others' actions, then
coordination 18 moot. The second is that Rogoff (1985) and Kehoe
(1986) have shown that if coordination reduces governments' ability to
precommit to anti-inflationary policies credibly to their own peoples,

then it can reduce welfare. The present paper is a counterexample

along very different lines,

Oudiz and Sachs (1984), Ishii, McKibbin and Sachs (1985) and Hughes
Hallett (1985).

The project was entitled "Empirical Macroeconomics for Interdependent
Economies,” and is forthcoming as Bryant, et al (1987). Frankel

(1986a) discusses the disagreements among the 12 models,
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Many of the authors in the coordination literature decline to take any
position at all on whether the problem with the Nash noncooperative
equilibrium is that it is tco contractionary or too expansionary,

ete. They leave it for econometricians to fill in the correct
parameter values at some later date,

One's intuition is that players who disagree about the model will find
it harder to agree on a package of joint policy changes. The correct
way to interpret this intuition is probably that, even if there exists
a bargaining solution that is believed to be Pareto-superior to the
noncooperative solution, it will be harder for the players to agree on
a mechanism to enforce the bargaining solution if they do not share a
common view of the world. In an interesting account that he believes
may carry lessons for macroeconomic coordination, Cooper (1986)
describes the history of international cooperation in the sphere of
public health; cooperation was flrst proposed early in the 19th
century, but because there were conflicting schools of thought on
whether diseases were carried internmationally by travelers, actual
cooperation did not take place until a consensus was achieved around
1900 as to the correct model of the transmission of disease, If there

are positive costs to an enforcement mechanism and some parties

believe the gainé from coordination are small, then it will not take
place,

This holds in the ten ecénometric models consldered in the following
section except the LIVPL and MSG models for the U.S, and LIVPL, MSG,

Wharton and EPA models for Europe.
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More often, it has been private economists, and the governments of

smaller countries, who have urged such coordinated expansion; e.g.,

Bergsten, et al (1982)., The 1981-84 Reagan Administration opposed

coordination.

In equations (3) and (4), one could simply redefine m* as fiseal
%

£ *
policy, and let y =y, x =zx, and w = w. As long as the two

policy-makers have different parameter estimates, there will still be

scope for coordination. One difference is that in Figure 2 the true
optimal points P and O would coincide.

The positive effect of a monetary expansion on the current account via
currency depreciation is offset by a negative effect via higher
income. In the Mundell-Fleming model the positive effect on the
current account must dominate, fo match the net capital outflow that
results from lower interest rates, giving negative transmission -
abroad. But in more modern models the net capital flow may be
reversed, in respoﬁse to perceived overshooting of the exchange
rate, The theoretical literature contains many other ways of
reversing the Mundell-Fleming transmission results as well. (See

Mussa (1979) or, for an optimizing approach, Svensson and van

Wijnbergen (1986)). On the models used in the Erookings simulations,

}-2.

see Frankel (1986a), or other papers in Kyant and Henderson.
After testing for sensitivity to the choice of weights, we also tested
for sensitivity to the choice of targets. The total count for true

gains and losses for the two countries were:
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U.S. Europe

OEC weights gains 507 479
w=1/11.8 losses 322 349

W = 1/244 0 zeroes 171 172
LIVPL weights gains 421 4?1
o= 1/.26 losses 302 267

W' = 1/2.4 zeroes 277 262
original weights, gains 538 537
target level of U.S5, GNP = losses 338 340
95% of baseline zZeroes 124 123
original weights, gains 484 465
target level of European losses 272 291
GNP = 957 of baseline zeroes 244 244

The numbers for 6 x 6 = 36 combinations are reported in the NBER
paper.

The diagonal entries of the three-dimensional matrix are the cases

15-

where both policy-makers have the correct model. The calculations
correspond conceptually to those in Oudiz and Sachs (1984) for the MM
and EPA models.

The most bizarre combination occurs when the U.S. believes the LIVPL
model and Eurcpe believes the O0EQ modél (not shown)., Under this

combination, the Nash noncooperative equilibrium entails a mutually
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destructive increase in the Eurcpean money supply of almost 100
percent and decrease in the U.S. money supply of over 100 percent
(1) . Evidently the problem is that the LIVPL model shows European
monetary expansion raising U.S. output much more than does U.S,.
menetary expansion, as can be seen in Table 1, Ihere'is oo reason why
the Nash solution for the money supply specified in equations (9) and
(10) need be positive. One need only plug in the multiplier values
from Table 2 to see how negative money supplies are possible,
Presumably, in practice, U.S. policy-makers would begin to doubt the
LIVPL, model and its prediction that BEuropean monetary expansion would
have such a powerful expansionary effect on U.S. output, long before
they relied on it to the extent of reducing the U.S. money supply to
Zero.

16. Examples include Elanchard and Dornbusch (1984), Lavard, et al (1984)
and Marris (19835).

17. Table 8 in the NBER paper shows that according to the MSG model this
change in the monetary/fiscal mix, though increasing non-U.S. output
0.1 percent and having the desired effect on the current accounts,
would in fact reduce U.S. output Q.7 percent. There are several other

combinations in the table where this same change in mix results from

coordination, all of them involving the LIVPL model; but none of them
shows quite the expected effe s on the target variables.

18. 4s in the case of ordination of monetary policy alone, there are a
few cases of absurdly large changes, in particular the two combi-
nations with the MSG and MM models. The explanation, again, is that

these changes offset absurdly large changes implied by the move from
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20.

the baseline to the Nash equilibrium in Table 7.

x are conditional probabilities, given

The probabllities, n; and
the beliefs of the ﬁis. (j) or Europe (k). These conditional
probabilities are formed using Bayes rule from some underlying
probability distribution over models which is known by both countries’
policy-makers.

Bralnard assumed a continuous probability distribution for the
parameters (rather than assigning discrete probabilities to 12 models,
as suggested here). Roubini (1986) applies this assumption to

international coordination.
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Simulation Effect in Second Year of Increase in Money Supply (4 Percent

TABLE 1:

MONETARY POLICY

)a.,b

*

rren * * *
¥ Lt Valee (s8)  (59) rey f
?ﬁnﬁigfy(éigfngion Effect in U.S. Fffect 1n Non. U.S.
MO +L.52 +0.4%7  -2.2 -6.0% - 3.0 =35 =0.5 =0.6%7 -0.7%
EECC +1.0%2 +0.8% -2.4 -4.0% -2.8 +1.2  -0.5 -0.4% +0.2%
epad +1.27  +1.0%  =2.2 -6.4% =1.6 ~10.1 =0.6 -0.5% -0.4%
LINK +1.0% -0.4% -l -2.3% -5.9 +l.5 NA  -0.1%2 ~-0.l%Z
LIVERPOOL +0.1%7  +3J0% -0.3 -3.9% -13.0 +0.l -0.1 -0.02 -0.0%
MSG +0.3% +L.5%  -0.8 -2.02 +2.6 - =44 =1.2 =0.7% +0.4%
MINIMOD +1.02 +0.87 -1.8 -5.7% +2.8 -4, ~=0.1 -0.2% -0.2%
vaR® +3.07 +0.4% -1.9  =22.9%2 +4.9  +5.0 +0.3  +0.1%  +0.4%
. OECD +1.6% +0.J% -0.8 -2.6%7 -84  +31 -0.1  ~0.1% +0.3%
TAYLOR® +.6% +1.2% -0.4 -4 ,9% NA NA -0.d -0.2% -0.2%
WHARTON +0.J%7 +0.0% -2.1 -1.0% ~5.1 +5.3 -1.3 -0.1 @ +0.4%
DRI +1.87 +0.4% =23  -l4.6% -l.4 +14.5  -l.1 -1.3%  -0.6%
Nopetary g’é‘g“fﬁ:-ig) Effect in Non U.S. Effect in U.S.
MO +1.5 +06 =24 ~5.4% +3.5 400 -0.2 =0.22 -0.0%
EECt +0.8% +1.0% -1.0 -2.3% =-5.2 +1.9 +0.0 +0.1%7  +0.%
pad +0.07 +0.02 ~0.d -0.1% =0.  +0.0 -0.0 -0.0  +0.0%
LInkE +0.87 ~0.6% NA -2.3%  -1.4  +3.5 +0.0  -0.0%  +0.1%
LIVERPOOL +0.4% +2.87 -0.9 ~8.4% +7.0  -8.2 -l =347 +1.6%
MSG +0.2% +1.52  -0.7 -1,4% -15.9 +12.0 ~-1.2  -0.6Z +0.3%
MINIMOD +0.82 +0.2% -1.8 -4.87 +3.6 -l.4 -0.6 -0.5Z -0.3%
VAR® +0.7% .. =052 -3.0. . =5.5% +5.2. -10.0  +0.6 -0.7% +1.2%
OECD +0.82 4037 ~1.3 2.7 =-1.6 +2.3 -0.2 -0.1% +0.1%
TAYLOR® +0.8% +0.J% =-0.3 -3.5% NA NA  -0.2 -0.52 -0.1%
WHARTON +0.2% -0.% -0.8 +0.22 +2.6 +0.5 +0.0  +0.0%  +0.0%.
DRI NA NA NA NA NA NA NA NA NA

2The increase in the money supply is phased in over four quarters.

bSource: Frankel (1986a)
CNon-U.S. short-term interest rate NA; long-term reported instead.
Non-1J.S. current account is Japan, Germany, United Xingdom and Canada.

CPI MA.

GNP deflator reported instead.

prpreciatiou of non=-U.S. currency NA; depreciation of dollar reported instead.




TABLE 2: MONEY AND FISCAL MULTIPLIERS

{For three targets in each country)

Effect on
Percentage

Effect on Qurrent
Account (As Per-

Percentage Effect

on Income centage of GNP): Inflation_ Rate
From a (1l percent)
increase in: JS.m Fur. m J.S.m Fur. m JSem Buir. m
Effect on .S.
McH 0.3750 0.0000 -0.0198 0.0006 0.1000 =0 .0500
VAR 0.7500 0.3000 0.0311 -() .0634 0.1000° =0.1750
OECD 0 .4000 0.0250 =0.0537 0.0147 0.1750 =0 .0250
LINK 0.2500 0.0250 -0.0380 0.0225 =0} 1000 0.0000
Effect on "Europe”
MM -0,1750 0.3750 -0 .0090 0.0090 -0.1500 0.1500
VAR 0.1000 0.1750 0.1169 0.1192 0.0250 -0.1250
OED 0.0750 0.2000 0.0178 =0.0091 =0 .0250 0.0750
LINK -0.0250 - 0.2000 0.0083 -0 .0077 -0 .0250 -(.1500
From an increase
{equal to 1% of GNP): U.S. g Bur. g U.5. g Bar, g U.S. ¢ Eur, g
Effect on .S,
MM 1.8000 0.5000 -0.4217 0.2019 0.4000 $.2000
VAR 0 .4000 0.3000 -0 .0127 -0 0659 -0 ,9000 -0.1000
OECD 1.1000 0.1000 -0,3628 0.0843 0.6000 (.2000
LIBK 1.,2000 {3 .2000 ={1.,1847 =i .ibdl 05000 — 00000 T T T
' Effect on "Europe”
MM 0.7000 1.4000 0.0912 -0.0737 0.4000 0.3000
VAR -0 .0000 0.5000 ° -0.0183 0.1559 . 0.0000 -0 .3000
QECD 0.4000 1.5000 0.2583 -0.1564 0.3000 0.7000
LINK 0.1000 1.2000 0.0420 -0 .1349 0.0000 0.1000




TABLE 3: THE COOPERATIVE BARGAIN

BY THE UNITED STATES«~wemcmw=vecccemon== tm———— ————— ————————
o nex VAR OECD LINK
ncH
BARGAINING CHANGE IN POLICY
Heurk. 0. 240 2.020 1.5%590 0.710
Hus -0. 137 -0. 441 0.367 0.253
PERCEIVED CHANGE IN TARGETS
EUR. Y O.114 0. 309 0. 346 0.136
CA 0.003 0. 189 -0. 008 -0. 003
us Y -0.051 -0, 165 0.138 0.09%
] CA 0.003 0.010 -0. 005 -0. 005
PERCEIVED GAIN FOR:
EURQPE 0. 0001 0. 0066 0.0011 0. 0002
us 0. 0Q0C 0. 0002 Q. 0002 0. 0001
VAR
BARGAINING CHANGE IN POLICY
. Reur -5.199 2%. 185 -32.772 -4.129
Kus -8.6%2 -17.173 3z.898 8.394
PERCEIVED CHANGE IN TARGETS
FUR. Y -0. 436 2.6%0 -4.087 -1.036
CA 0.031 0. 993 0.875 0.102
us Y -8, 049 -5, 323 14. 842 5. 057
CA 0.061 -2.130 3.099 0.%22
PERCEIVED GAIN FOR:
EUROPE 0.0092 0.3216 0. 2415 0.00%0
us 0.3333 0. 4323 3.2174 Q. 410G
OECD
BARGAINING CHANGE IN POLICY
Neur 0. 389 14. 490 3.837 2. 142
Mus -0.533 -8. 940 2.3%6 1.820
PERCEIVED CHANGE IN TARGETS
EuR, Y 0.239 1.642 0. 944 0.3a3
CA 0. 008 0.6a2 0. 007 -0.00%
ug vy -0. 204 -3.214 1.038 0.782
CA 0. 034 0.693 -0.070 -0.066
PERCEIVED GAIN FOR:
EUROPE 0. 0004 0.1611 0.0078 0.0015
us 0. 0010 0.0833 0.0128 0. 0064
LINK
BARGAIRING CHANGE IN POLICY
Heur 0.388 35. 304 4.97% 3.479
Hus . =-0.851 -29.058 S.112 4.5258
PERCEIVED CHANGE IH TARGETS
EUR. Y Q. 294 3.272 1.378 0.%a3
Ca 0.011 0. 811 0. 045 0.011
us ¥ -0. 203 -6. 382 1.402 1.218
Ca 0.041 1.898 -Q.082 -0.093
PERCEIVED OAIM FOR:
EURCPE 0. 0008 0.6101 0. 0161 0. 0038
us 0.0010 0. 3330 0.0251 0. 0141

o T e ol A R AR AP A TR SR S S A W S VR AR G W A AR R N S A S A S e e o -

TARCETS ARE EXPRESSED IN PERCENT,

EXPRESSED IN PERCENT SQUARED GNP.

AND CHANGES IR

: THIS AND ALL SUBSEQUENT TABLES, CHANGES IN INSTRUMENTS AND

UTILITY ARE

FOR THIS AND ALL SUBSEQUENT TABLES, eur SUBSCRIPT REFERS TO

EURGPEAN VARIABLES, AND us SUBSCRIPT REFERS TO UNITED STATES

YARIABLES.
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TABLE 8: FISCAL POLICY

Simulation Effect in Second Year of Increase in Government Expenditure (1 Percent of GNP)

J *

¥ cPI (P:S 2 atae <§‘§) (;:g ) (Pis 5 er
i;s;ag . E‘(‘f:;‘:i.m;) U.s. Non. U.S.
Mo +1.87 +0.42 417 +2.8%7 -16.5 +8.9 +0.4  +0.4%  +0.7%
EEC? +1.2% 4062 +1.5  +0.6%7 ~-1l.6 +6.6 +0.3  +0.2%Z +0.3%
EPAD +LJT H0.97  +2.2 0 4197 =205 493 +0.5  #0.3Z  +0.9%
LINK +1.2Z2  +0.5% 402 -0.d% -6.4  +1.9  NA -0.02 +0.1%
LIVERPOOL . +0.6Z 027 H04 4107 7.0  +#3.4 0.0 +0.6Z  =0.0%
MSG +0.92 -0.4% +0.9  +3.2% -21.6 +22.7 +1.0 +0.53 +0.3%
MINIMOD +1.02 +0.3% +1.01 41,07  -8.5 4+5.5 +0.2  +0.1%2 +0.3%
VAR® +42 -0.97 +02 4122 -0.5 -0.2 -0.0 -0.02 -0.0%
OECD - +1.17 062 +1.7 H0A4T ~14.2 +1l.4 +0.T +0.3% +0.4%
TAYLOR® +0.6%2 +0.52 +0.3  +4.0% NA NA  +0.2  +0.42 +0.42%
WHARTON +1.4%7 +0.3% 410 2.7 -154 453 +0.6 0 -0.1%7  +0.2%
DRI +2.12 +0.4Z 4l 4327 -22.0 408  +0.4 +0.32  +0.7%
§§§°§fs ?xg;gi?gi: G) Non U.S5. u.s.

MO +1.42 +03% +06 4037 -7.2  +7.9 +0.5 +0.2%7  +0.5%
EEC? +1.3%  +0.87 +04  -0.62 =93 3.0 +0.0 400X +0.2%
EPA® 237 4072 403 072 -13. 44 06 03T +0.3%
LINK +1.22  +0.1% NA ~0.12  -6.l1 +6.3 +0.0 +0.,07 +0.2%
LIVERPOOL +0.3%  +0.8% +0.0 +3.3Z ~-17.2 +11.9 +0.8  +3.1%2 -0.5%
MSG +1.%  H00Z +l.4 42,92 =5.3  +10.5 +1.3 +0.67  +0.4%
MINIMOD FL67 THO2Y 0.9 +H) 6% =22 +3.277H 3 +0.2%  +0.1%
VAR® +0.5% ~0.3% -0.2 =242 41 =2, +0.2 -0J% +0.3%
OECD +1.5% +0.7% +1.9 4097  -6.9 +3.3 +H.3 .27 +0.1%
TAYLOR® +1 .62 +1.2Z7 +0.6 +2.7% NA NA +0.4 +0.9% +0.6%
WHARTON +3.2%Z -0.8% +0.8 =247 -5.5 +4.7 +J0  -0.0%  +0,0%
DRI NA NA NA NA  NA NA NA NA NA

zNon-U.S. short-term interest rate NA; long~term reported instead.
Non=U.S. current account is Japan, Germany, United Kingdom, and Canada.

CCPI NA. GNP deflator reported instead.



TABLE 9: THE COOPERATIVE BARGAIN (MONETARY AND FISCAL PGLICIES)

D D e - A e A ik e o e - -

HODEL SUBSCRIZED TO NODEL SUBSCRIBED TG BY EUROPE
BY THE UNITED STATES---=am-eo- mememmmsesstsccsssmemmm—ea——-
ncH VAR GECD LINK
Hcn
BARGAINING CHANGE IN POLICY
Meur -0.177 9.960 -53.7ss 0. 269
Hus 1.2%9 4.010 -41.170 3.320
Geur 9. 061 -2. a92 0.0%2 -0.217
Gus ~0. 157 -3.969 5. 845 -0, 955
‘PERCEIVED CHANGE IN TARGETS
_EUR. Y _ o . =0.31%t __ 0,742 _ -11.830 -0. 265
CA -0.032 1.292 1.285% 0. 010
P -0. 260 -0.277 ~1.365 -G. 238
Uus Y 0,220 ~-7.048 -4. 891 -0. 579
CA o.083 1.018 ~1.67% 0. 294
s e I <~ 7234 7 1,021 ~0. 136
PERCEIVED GAIN FOR:
EURGPE 0. 0004 0.0326 0. 0002 o. 00S9
us 0. 0002 0. 0001 6. 0001 0.000¢
VAR
BARGAINING CHANGE IN POLICY ..
Neour -25a. 8as 43.693  207.3547 -1.779
Mus 18.120 -17.723 -82.630 -7.732
Seur 99.164 -13.%29 -27.962 -1.913
Gue 63.959 -11.088 ~-46.389 3.121
PERCEIVED CHANGE IN TARSETS
EUR. Y -0.652 -0.890 -25.266 -2. 144
cA 0. 480 $.231 -10.9% 0.2339
P -4.218 -1.846 -15.918 0. 269
us vy -26.743 -8.678  -26.732 -5.638
CA 13.579 -2.287 -13.287 -0, 041
P -14.363 2.014 C. 143 -3. 079
PERCEIVED GAIN FOR:
EUROPE 0. 0001 0. 0002 Q. 0000 0. 0002
us 0. 6000 0. 0001 0. 0001 0. 0003
OECD
. BARGAINING CHANGE IN POLICY
Meur _ 213,120 47.154  -90.2%2 1.746
Hus 95.318 -20.088 22.653 11.040
Geur -38.388 -320.510 11.924 1.035
Gue -23. 084 -¢. 444 -15.374 -3. 387
PERCEIVED CHANGE 1X TARGETS
EUR. Y -6, 642 -4.012 -6, 215 0.976
ca 1.78S 0.157 -5. 653 -0. 204
P ~3.068 -0. 244 -4. 800 ~0. 434
us ¥ 14.287  ~13.796  -13.314 o.a3s
Ca 3. 144 1.654 5. 493 0.749
r -10.157 -11,463 -3.019 0. 083
PERCEIVED GAIN FOR:
EUROPE 0.0333 0.0000 0. 0002 0. 0001
us 0, 0001 0. 0001 0. 0000 9. 0000
LIRK
BARGAINING CHANGE IN POLICY :
Heur 7.556 147,227 2%7.973 1.516
Hus 1.262  -%3,.%22  ~3.3%0_ ~1.796
Seur -2.858 -35.997 -28.432 1.206
Gus -0. 219 -6. 757 -3.605 -1.704
PERCEIVED CHANGE IN TARGETS
EUR. ¥ . -1.542 -7.%a6 7,253 1.630
CA 0. 247 2.6as 1.117 -0.263
» -0, 601 -2.942 -1.%52 -0. 057
us v -0.331 ~29.008. -4,400 ~2.264
CA -0.30% -2.819 1.920 0. 586
P -0.236 1.974 ~1.467 -0. 632
PERCEIVED GAIN FOR:
EUROPE 0.0003 0. 0004 0. 0001 0. 0002
us o. 0001 0. 0001 Q. 0001 0. 0001

- - - L e A e T

SEE FOOTHOTE 17,




TABLE 10+ TRUE GAINS FRONM COORDINATION FOR THE UNITED BTATES

HODEL SURSCRIBED TO HODEL SUBSCRIBED TO BY EUROPE

BY THE UNITED STATES - e mm e
HCH VAR oECD LINK
(o1, }
MODEL REPRESENTING REALITY)
ncu 0.0002  0.0001  0.0001  0,0001
VAR -2.6394  10.6400 236.3649 -3, 8930
0ECD -0.4994  -2.3167 14.8283  -0.0695
LINK -0.8932  €.3941 25.8278 -1.768\
VAR )
MODEL REPRESENTING REALITY:
nen ~74.7839 196.0402 402.3238  13.1769
VAR 0.0000  0.0001 0.0001  0.0003
QECD ~25.1592 158.5107 373.6036  5.5733
LINK ~21.5520 39.1031 132.9517  10. 4207
0ECD
MODEL REPRESENTING REALITY,
ncH -11.3838 29.9578  0.90i4  0.0322
VAR -268.2709  12.5137 347.2783  3.0793
OECD 0.0001  0.000f  0.0000 0.0000
LINK -23.23%0 -8.0046 -9,7921 -0, 0367
LINK
HODEL REPRESENTING REALITY:
ncu 1.5302 233.1126 -125.2739  -1.243%
VAR -6.7993 122.1154 -942.2249  8.2880
aECD 0.9647 119.0264 -43.4986  0.2318
LINK 0.0001  0.0008  0.0001  ©.000%

T L T el a8 = T - o -~ =y e v e o

TABLE 11: TRUE OQAINS FROMN nDDxU*z>4~D= FOR EUROFE

MODEL BUBSCRIBED TO

SDDMF_ECUWQENBHU TO BY EUROPE

BY THE UMITED BTATEB- === n e o
neu __. VAR QECD LINK
Hcy
HODEL REPRESENTING REALITY: w
ncu 0.0001 -3.3306 -5.6736 -3.1598
VAR ~2.5132 0.0326 333.6467  -a. 2613
0ECD 0.1306 13.3216 0. 0002 0. 7635
LINK 0. 0093 .m.u.ao 44. 4689 0. 0039
VAR
HWODEL REPRESENTING REALITY: L
HCH 0. 0001 .2655 270.6773  -4.8492
VAR 217. 4242 0.0002 209.1031 ° 25,7900
oRCcD ~367. 2346 227, 4278 0. 6000 1.2868
LINK ~973.6363 327.64%73 980.1376 0. 0002
08CD _
MODKL REPRESENTING REALITY: L
nen 0.0333  17.3204 176.5533  12.6783
VAR -549. 3166 d. 0ooo 241.4204 -29,8394
OECD 142.8152 1949.9979 0. 0002 1.4537
LINK 209.0842 313.7216 119.2119% 0. 0001
LINK
NODEL REPRESENTING REALITY)
ncmn 0.0003 1141|2746 -696.8871 -~0.7884
VAR -7.2841 . 0004-1276. 6437 -10, 8551
0ECD 16,4437 a2a, 7074 0.0001  -1.7457
LINK 16.7499 1143.2227-1016. 8853 0. 0002

o T T e M b o = o . R o e = e = -
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TABLE 13 X

Mm.m..ﬁn.-. OF COORDIKATION, COMPARED TO NON-COOPERATIVE GOLUTIONM

AVERAGIHG: TRUE GAINS FRON COORDINATION FOR THE UNITED STATES

HODEL SUBSCRIBED TQ NODEL SUBSCRIBED TO BY SUROPE
BY THE UNITED Y Tt TR
ncn VAR OECD LINK
HCH
MODEL REPRESENTING REALITY:
HCH 0. 0001 0. 0026 0.0013 0. 0001
VAR 1.7426 0.75%7a ~2. 0433 ~0.19%4
OECD -0.008% 0.1229 0, 0078 ~0.0108
LINK ~0. 0094 0. 2345 0. 0287 -0. 0047
VAR
HODEL. REPRESENTING REALITY: .
HCH =-10.9240 0.6002 ~2. 3508 -4.7123
VAR a9, 2270 11. 8854 10, 3%a8s 16.7692
OECD ~12.2776 0. 8405 =2. 4845 -5. 1682
LINK ~-3.2a85% 0. 2468 ~-1. 0846 -2. 2542
OECD
HODEL REPRESENTING REALITY:
HCH ~0.0941 ~0.0923 ~0. 0073 ~0.0184
VAR 9, 5277 0.8063 -2.8193 1.2366
OECD 0.0228 0. 2009 0. 0553 0.0162
LINK -0.0283 0. 5544 0.0720 0.0042
LINK
HODEL REPRESENTING REALITY:
HeH -0. 0320 ~1.4327 0. 0237 0.0226
VAR 3.3773 ~3.9521 -7.2862 -3. 8789
QECD G, 0070 -1. 0463 -0. 0229 ~0. 0500
LINK -0.0184 0.6110 0. 0876 0. ao0s

IIIIII - S i e -

TABLE 14

EFFECT OF COORDIMATION, CONPARED TO KRON-COOPERATIVE SOLUTION

WITH AVERAGING: TRUE GAINS FROM COORDINATION FOR EUROPE

MODEL BUBSCRIBED TO mnanr SURSCRIBED TO =¢-mmmmwm1,
BY THE UNITED nq>qnm-;---mmm_----,---1--- o
|||...i..........|||tl|....||||||||..+...... - it n ime " ———————
HCH |
MODEL REPRESKENTING aa»ru4¢.F 0. 0630
ncn 0.012 -0-0630
oke R o, 5029
Cran . . 0. 0009
LINK n.wmum;---------a,-----g'--------,‘-
VAR “
MODEL REPRESENTINHO -u»wnwww_ 0. 3870
HCH .
VAR 114.7240 mw.mmmw
L 1 Se1% T aasd
LINK L 1.2612  -0.3424  -0.06 -0. 0844
e mmm—— m
OECD i
MTING an>ruq4_R
znumu REPREBE 0.036 19. 9676 o.uwnw
'3 soes 25083
Lru . -0. 0041
L T e
LINK
‘MODEL REPRESEMTING REALITY: b.0218
NCH 0. 033 _0.0218
b w.wwuu -0. 0040
L o. 0.0033

LINK 0.229

-
e




4>Dfn 16

EFFECT OF COORDINATION, nOITerU TQ NON-COOPERATIVE SOLUTION WITH
FFECT QF COORDINATION, COHPARED TO HON-COOPERATIVE SOLUTION WITH ! _

AVERAGING OVER OWN HODEL: TRUE GAINS FRON COORDINATION FOR EUROFPE

TABLE 13 -

i
.VERAGING OVER OWN NODEL: TRUE GAINS FROM COORDINATION FOR UNITED SYATES

rmcmmm e —————a————— A m et ————— - NACEL SUBSCRIBED TO NODEL SUBSCRIBED TO 8Y KUROPE

I0DEL. SUBSCRIBED TO HODEL. SUNSCRIBED TO BY EUROPE BY THE UNITED BTATEG-~-rr = rmelmm ;s cmmmno o nn .o st e e

¥ THE UNITED BTATEB-~r-—--=«-emm=mome—cemc-o——ssmeceomeer=- . neH VAR oECD LINK

non VAR OgCo LINK e [ e e e mam e

R T i HCH

ICH HODEL REPRESENTING REALITY)

MODEL REPRESENTING REALITY: ncn 2,0912  2.0912  2.0912 2,091z
ncn =0, 31221 ~0. 1221 -0, 1221 -0.1221 VAR 0.9814 0.9814 0,9814 0.9a14
VAR ~0.1104 ~0.1104 -0.1104 -0.1104 0£CD -0,0722 -0.0722 -0.0722 -0.0722
GECD -0,1093 -0.1993 -0.109%  -0.1093 LINK 0.2419  0.2419  0.2419  0.2419
LINK -0.0146 -0.0146 -0.0146 -0.0146 gy PP .-

T T it VAR :

TAR HODEL REPRESENTING REALITY:

NODEL REPRESENTING REALITY1 , nen 2.0912 2.0912 2.0912 2.0912
HCH -0.1221 -0.1221  -0,122%  ~0.1221 VAR 0.9814  0.9814 0.9814  0.9814
VAR -0.1104 ~0.1104 -0.1104 -0.1104 oECD -0.0722 -0.0722 -0.0722 -0.06722
GECD -0, 1093 ~0. 1093 ~0. 1093 ~0. 1093 LINK 0. 2419 0. 2419 0. 2419 G, 2419
LINK -0.0146 -0.0146 -0.0146 -0.0146 Sy e ———

mmmmmo e en e it OECD

JECD : MODEL REPRESENTING REALITY:

HODEL REPRESENTING REALITY) NCH 2.0912 2.0912 2.0912 2.0912
ncH -0.1221 -0.1221 -0.1221  ~0.1221 VAR 0.9814  0.9814  0.9814 0.9814
VAR -0.1104 -0.3104 -0.1104 -0.1104 aECcD -0.0722 -0.0722 -0.0722 -0.0722
aEcD -0.1095 -0.1095 -0.109%  -0. 1093 LINK 0.2418  0.2419  0.2419  0,2419
LINK -0.0146 -0.0146 -0.0146 -0.0146 mew— - T L T T

ekttt LINX _

LINK HODEL REFRESENTING REALITY: !

HODEL REPRESENTING REALITY: ncH 2.0912  2.0M12 2.0912  2.0912
MCH -0,4221  -0.1221 =-0.122%  -0.1221 VAR 0.9814  0.9814 0.9814  0.9814
VAR -0.1104 -0.1104 ~0.1104 -0.1104 ORCD -0.0722 -0,0722 -0.0722 -0.0722
osECD -0. 1093 ~0. 1093 ~0. 1093 -0. 10893 LINK 0.2419 0. 2419 0.2419 0.2419
LINK -0.0146 -0.0146 -0.0146 -0.0146 R et B T ———-

e " O kA B L s




TABLE 17
EFFECT OF AVERAGING TO ESTINATE OWN MODEL, WHILE u
NDER MNOM-
COOPERATIVE SOLUTION: TRUE OAXNS FOR ﬂ:ﬂ-czndne m#v#nmw "

R AL S e o e e L M o e S B A A e S e o R

NODEL SUBSCRIBED TD MODEL. SUBBCRIBED TO BY EUROPE

BY THE UNITED STATES---c----rmmeccccccccssmac s e c—sae e
e e VAR 0ECD LINK
MCH T
HODEL REPRESENTING REALITY: .
nen -0.1403 -0.0614 -0.1235 -0. 1260
VAR 83. 1202 1.5493  45.6511 50, 3466
.. DECD -1.8933 1.6077 -1,6010 ~1.£349
i LINK -3.1293 1.9124 -2.6906 -2.7768
VAR T
MODEL REPRESENTING REALITY
HcH 9. 4959 1.2473 9. 0786 7.0354
VAR 22. 4318 0.1611 21.3290 17.0693
oECD 8. 1975 2.9908 7.7790 s, 7566
_ LINK 1.3311 3.95049 1.1711 0. 4338
QECD T
MODEL REPRESEMTING REALITY)
HCH -0.0438 -0,0613 -0.06353 -0.0636
VAR 72,3810 1.5264 43.8093 44,5739
OECD -1.9992 1.0102 -1.6836 ~-1.727%
LINK -3. 1290 1.9180 -2.7234 -2.7834
LINK T
HODEL REPRESENTING REALITY)
Clot -0.1001 -0,0500 -0.0913 -0.0924
VAR 76.0063 1.9489 42.6037 46.0620
QECD -1.9896 0.9818 -1.6778 -1.7235
LIMK ~3. 1400 1.8297 -2.7206 -2.7878

|
TABLE 18 _
EFFRECT OF AVERAGING TO hﬁdn:b%& OWN HODEL, WHILE UMDER
NONCOOPERATIVE BOLUTION: TAUE GAINS FOR EURCPE.

S e ettt

MODEL BUBSCRIBED TO HODEL Lcumﬂznuno TO BY EUROPE

BY THE UMITED STATEG-—--~--wm==cdeo—mroo—ooo e m————
ncH [ VAR ORCD LINK
A 2 T = o ok e R S W e = ] S Sa b m . - -
HCH
MODEL REPREGENTING REALITY:
(1o -77.2052 0.192% -70.5312 -72,3227
VAR 203.9442 49.8339 120.2067 130.9411
0ECD -10.1212 2,2112 -12.0324 -12.0128
LINK ~11.4224 13.2347 -12.7891 -12.8286
I-.I..Iall.nlll.l.ll."'ll-I.Ic-.l-ll-t.l.ll».l"llllIl'-‘""'l.ll.lll-!.lcl ||||| - oam
VAR |
MODEL REPRESENTING REALITY: i
ncn -77.3318  99.8204 -77.2438 -73.5238
VAR 73. 4551 +8.9516 71.1613 57,7137
OECD -11.4399 rﬂ.bnnm -11.1753 ~11.1096
LINK -12.2419 mo.n.up -12.3686 -12,6859
ORCD _
HODEL REPRESENTING REALITY: H
[ {M.] -77. 2193 0. 4137 -71.5020 ~72.6863
VAR 186.5202 19,8289 113.8803 123.0370
OECD -10.4069 12,2321 -12.0093 -11.9889
LINK -11.5336  13.2740 -12.7991 -12.8182
LINK _
MODEL REPRESENTING REALITY: r
NCKH ~77. 2146 6. 6418 -71,2662 -72.5907
VAR 193.8318 19.9146 116.9776 123.1267
0ECD -10.3120 11.8780 -12.0207 -11.996%

LINK -11. 4956 12.6047 -12.7972 -12.8211









