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ABSTRACT

This stidy.makes use of the simulation results of 12 leading large
international econometric models, as to the effects of commonly specified
changes in monetary and fiscal policy, conducted under the Brookings exer-—
cise "Empirical Macroeconomics for Interdependent Economies." The first
half of the paper examines disagreement among the models on the signs of
policy multipliers, and how such disagreement compares to the ambiguities
appearing in the theoretical literature. There turns out to be relatively
little disagreement as to the effects on output,  prices and the exchange
rate. The greatest disagreement is rather over the gquestion whether a
monetary expansion worsens or improves the current account.

The second half of the study examines the implications for inter-
national macroeconomic policy ccordination. The existing literature
makes the unrealistic assumption that policy-makers all know the true
model, from which it follows that the Nash bargaining solution is in
general superior to the Nash competitive solution. But everything
changes once we recognize that policy-makers' models, as the models in
the Brookings simulations, differ from each other and therefore from the
"true" model. When the central bank and fiscal authorities subscribe to
conflicting models, it is still true that (1) the competitive equilibrium
is sub-optimal, and that (2) the two aunthorities will in general be able
to agree on a cooperative policy package that each believes will improve
the objective function; however, (3} the bargaining solution is as likely
to move the target variables in the wrong direction as in the right direc-
tion,. in the light of a third true model. Out of 1,210 possible com-
binations of different models subscribed to by the two policy authorities
and models representing reality, bargaining raises welfare in only 819
cases. The conclusion is that disagreement as to the true model may be
a more serious obstacle to successful policy coordination than is insti-
tutional failure to enforce Pareto-improving solutions.
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ABSTRACT

This paper makes use of the simulation results of 12 leading large
internationdl econometric models, as to the effects of commonly specified
changes in monetary and fiscal policy, conducted under the Brookings
exercise "Empirical Macroeconomics for Interdependent Economies.” It
examines disagreement among the models on the signs of policy multi-
pliers, and how such disagreement compares to the ambiguities appearing
in the theoretical literature. There turns out to be relatively little
disagreement as to the effects or output, prices and the exchange rate.
The greatest disagreement is rather over the question whether a monetary
expansion worsens or improves the current account and accordingly
whether it is transmitted positively or negatively fo the rest of the
world.

Forthcoming, Empirical Macroeconomics for Interdependent Economies,
edited by Ralph Bryant and Dale Henderson (Brookings Institution:
Washington, D.C.)







Ambiguous }hcroecoﬁomic Policy Multipliers
in Theory and in Twelve Econometric Models
It is perhaps for the eye of the beholder to judge whether

twelve large econometric models, as simulated in the Brookings
Institu;ion project on Empirical Macroeconomics for Interdependent
Economies, are surprisingly similar or surprisingly dissimilar in their
estimates of the effects of macroeconomic policy changes. But this
paper takes the mischievous tack of examining disagreement where it is
at its greatest: where the models give answers of opposite sign. We
will consider the reduced-form policy multipliers of both monetary
policy and fiscal policy. Our discussion of how the multipliers are
determined will include (a) the divergent multipliers one would expect
to get from the standard theoretical models that appear in the litera-
ture,-(b) the divergent multipliers that emerge from the simulations .in
the Brookings modelling simulation exercise, (c) an attempt to interpret

(b) in terms of (a).

*This paper 1s the first of three on the implications of conflicting
international models for macroeconomic policy coordination. Part two,
which appears in this volume, considers the implications of the con-
flicts found here for coordination between a country's monetary and
fiscal authorities., (Parts one and two appear also in NBER Working
Paper 1925,) Part three, co—authored with Katharine Rockett, considers
the implications for coordination between countries. The author would
like to acknowledge useful discussion with Ralph Bryant, Rudiger
Bornbusch, John Helliwell, Dale Henderson, Bert Hickman, Gerry Holtham,
Patrick Minford, and Warren Trepeta, and to thank the Institute of
Business and Ecconomic Research at U.C. Berkeley, for typing. Views
expressed are the author's.




We examine the models' conflicting implications for the effects
of a change in government expenditure, and the effects of a change in
the money supply, in each case with the other policy variables (domestic
and foreign) held constant. The most well-known ambiguity is the
question of whether a fiscal expansion causes the domestic currency to
appreciate or depreciate, The other ambiguity that appears most com—
monly in the theoretical literature is the effect of the exchange rate,
and therefore the effect of domestic policy, on foreign incﬁme. The
issue of whether transmission is positive or negative is of course
crucial to questions of intermational policy coordination. Somewhat
surprisingly, neither of these issues is the one on which the simula-
tions in the Brockings exercise show the most conflict. Most of the
models show a fiscal expansion appreciating the domestic currency and
raising foreign output. The models are in much greater disagreement on
an issue that much of the literature considers unambiguous: the
negative effect of a domestic monetary expansion on the foreign current
account and, via the trade lipkage, on foreign output.

We begin by considering the standard theoretical two-country

model .

1. The Standard Two-Country Model

Since the model i3 so familiar, we ¢ircumscribe the algebra
tightly. "Though we specify the equations Iin relatively general form, we

then proceed to consider only special cases.
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Equations (1) and (2) give the money demand equations for the

domestic and foreign countries, respectively. Equations (3) and (4)

show the demands for goods. We allow for the possibility of a Laursen-

Metzler effect, that a worsening of the terms of trade would railse

expenditure measured in domestic units, by including the real exchange
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rate after the semi-colon. Equation (5) gives the trade balance.
Equation (6) gives the capital outflow as a function of the nominal
interest differential, and possibly of expected depreciation, where the
latter is assumed to be a function of the spot rate relative to 1its
equilibrium level. Under floating exchange rates the trade balance and
capital outflow are equal. Finally, in equations (7) and (8) the supply
of output is seen to be a function of the price level relative to an
equilibrium value, which can be thought of as either the expected price
level or as the cost of labor and other variable factors of production.

The above model leaves out many factors. Perhaps the most
notable omissions are the stocks of government and international
indebtedness.1 Such omissions might be justifled by an appeal to the
short run, over which the stocks cannot change much:z. our focus in the
simulations will be on the effects in the second year after a policy-
change (just long enough for the trade balance to get past the negative
part of the "J-curve"”). In models with forward-looking expectations, of
which the MSG, Liverpool, Minimod and Taylor models among the Brookings
twelve are examples, long-run effects can be passed back through time to
the short run. But even then, the effect is generally quantitative

rather than qualitative, The sign of an effect is less likely to be

la1s0 omitted are some so-called "supply side” effects, such as the
possibiliry that a balanced-budget reduction in tax rates and government
expenditure would stimulate output and appreciate the currency. Such
effects have been important in the thinking of the Reagan Administration
and a few private economists, but they do not seem to be incorporated
into any of the 12 models involved in the Brookings simulation exercise.

2See, for example, Henderson (1983) and the references cited there.
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affected by the omission of such factors as stocks of indebtedness.3
We consider first the case when supply is infinitely elastic

% %
g = =) so that the price levels P and P are fixed in the

]

(o
short run, and all variables that appear after the semi-colon are
omitted. This is the standard Mundell-Fleming model.a Equation (6) for
the trade balance can be substituted into equations (3) and (4); these
two together with equations (1) and (2) determine four endogenous
variables--Y, Y*, i, and i*-—as a function of the four policy variables—
G, M, G*, and M&. {(Equation (5) then determines the exchange rate.)

A fiscal expansion in the Mundeli-Fleming model has the following
well-known effects. It increases domestic income Y and therefore the

domestic interest rate 1.5

The differential between the domestic and
foreign interest rates attracts a capital inflow which, ex post, corres-—
ponds to a trade deficit. If capital mobility is sufficiently high (if

the slope of the Balance-of-payments equilibrium curve u/k is less

3It is possible to get reversals of sign. For example, in some
models a fiscal expansion could be contractionary if expectations of
future debt drive up expected future short-term interest rates and
current long-term interest rates, and therefore crowd out investment,
enough .- The Liverpool model appeared to show this effect for the case
of a U.S. expansion in earlier work (Minford 1984, 100, 114, 133).

SCitations for the two—country Mundell-Fleming model are Mundell
(1964), Mussa (1979), and Swoboda and Dornbusch (1973). Girton and
Henderson (1976) was possibly the first two—country version of the
portfolic—balance model, with the degree of substitutability between
domestic and foreign bonds filling in for the Mundell-Fleming model's
degree of capital mobiliry,

SIn the limiting case of perfect capital mobility (k = =) and an
exogenous foreign interest rate (small country), these effects vanish.
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than the slope of the LM curve ¢/A), then the balance of payments
would improve at an unchanged exhcange rate, which implies that the
domestic currency appreciates under floating rates. The currency
appreciation may be as important a cause of the trade deficit as is the
increase in income. The counterpart foreign trade surplus increases
foreign income Y*. The primary ambiguity in the above story 1s whether
capital mebility is high encugh (or the LM curve steep enough) for the
fiscal expansion to appreciate the currency; the reverse case appears as
a prominent possibility in textbooks and in many of the large econo-
metric models. Some of these models have been said to exhibit an
asymmetry: fiscal expansion in the U.5. appreciates the currency but--
whether because of lower capital mobility, a flatter LM curve, monetary
accommodation, or other factors——fiscal expansion in Furope or Japan
depreciates their currencies.

A monetary expansion has unambiguous effects in the Mundell-
Fleming model. It reduces the domestic interest rate and therefore in-
creases domestic income. The differential between domestic and forelgn
interest rates induces a capital outflow. The currency unambiguously
depreciates, all the more if capital mqbility is high. As a result the
trade balance improves, notwithstanding the higher level of income; we
know this because of the ex post net capital outflow. The stimulus to
net foreign demand, i.e., the trade balance, may constitute a larger
amount of the increase in output than the stimulus to domestic demand,
i,e., investment and other interest-sensitive sectors., The corres-
ponding worsening in the foreign trade balance reduces foreign income,

Thus we get the classic Mundell—~Fleming result of Inverse trans-
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mission: a contractionary monatary policy such as the United States
adopted in 1980-82 is expansionary for Europe, via the trade balance,

The theoretical literature features at least five ways that the
foregoing transmission results can be reversed, via effects of the
exchange rate on variables other than the trade balance.6 The exchange
rate S can enter the saving/expenditure decision via the terms of
trade in equation (4), can enter money demand via the price level in
equation (2), can enter expenditure via real wealth in equation (4), can
enter supply via the price of imported inputs in equation (8), and can
enter supply via the nominal wage rate, also in equation (8). We
conslder each briefly.

First, according to the Laursen-Metzler-Harberger effect, a
worsening in the terms of trade, i.e., an increase in SP*/P, should
affect the saving/expenditure decision similarly to any other decline in
real income. In the traditional Keynesian literature, thls nmeans a
reduction in saving to protect living standards, as measured in domestic

terms: Ag > 0.7 The point of the original Laursen-Metzler (1950)

6There is also a-way that the standard Mundell-Fleming result of
negative transmission of monetary pelicy can be reversed via a reversal
of the trade balance. It is if net capital inflows respond to expected
future appreciation which, in turn, depends on the current level of the
spot rate relative to its equilibrium level, as indicated in equation
(6). Because discussion of this effect does not for the most part occur
in the theoretical literature on international transmission, it is post-
poned to the following section.

7On the other hand, the modern theory of saving says that only if
the currency depreciation is perceived as a temporary decline in real
income or, in the case of a permanent decline, if the rate of time
preference rises with a fall in welfare, will intertemporally-optimizing
consumers react by reducing saving, See Obstfeld (1982) and Svensson
and Razin (1983).




article was that, when a domestic expansion depreciates the domestic
currency, the foreign country would respond to the improvement in its
terms of trade by decreasing expenditure, giving the result of negative
transmission under floating exchange rates. In the case of a monetary
expansion, the Mundell-Fleming model's introduction of capital flows
gave the negative transmission result anyway, so the Laursen-Metzler
effect changes little. But in the case of a fiscal expansion (with low
capital mobility, so that the domestic currency depreciates), this
negative effect on foreign output could conceivably reverse the standard
transmission result. This case seems less relevant under modern
conditions of high capital mobility. For example, in the U.S. fiscal
expansion of 1983-85, the dollar appreciated strongly. For the purposes
of the following discussion of each of the remaining four effects, we
assume for simplicity that a fiscal expansion appreciateé the currency.
Though we have previously defined the price levels P and P*
to refer only to goods produced in the domestic and foreign countries,
respectively, in the case of the money demand functions they could as
easily be replaced by the consumer price indices, CPI and CPI*, de-
fined as a Cobb-Douglas weighted average of own goods and imports:8
(9 cer = p%seHl™®
1-g*

* ok *
(10) CPI = (P/S) (P )

A depreciation of the foreign currency (S¢) will lower the real money

8See, for example, Branson and Buiter, 1983, 256-58.




stock M*/CPI*, exerting a contractionary effect on foreign output. If
the fall in the exchange rate originated in a domestic figeal expansion,
this effect can reverse the standard Mundell-Fleming result of positive
transmission to the foreign country. In the case of a domestic monetary
expansion, the domestic currency depreciates, the foreign currency
appreciates, CPI* falls, the foreign real money stock rises and Y*
increases; transmission is positive. Thus both the positive trans-
mission of fiscal policy and the negative transmission of monetary
policy can be reversed. The effect on the real money stock was one of
the lines of argument open to those Europeans who believed that the U.3,
policy mix of the early eighties--tight money aﬁd-a loose budget,
resulting in a strong dollar--had adverse effects on European growth,

Similar to the negative effect of the exchange rate on the real
money stock is the negative effect on the real stock of government
bonds. A depreciation can be contractionary if real wealth enters the
expenditure function. There is also a negative effect of the exchange
rate on expenditure if the country in question is in debt to foreigners
in foreign currency. Either of those effects is capable of reversing
the effects on income through the trade balance, i.e., turning the
positive tfansmission of fiscal policy into negative transmission and
vice versa for monetary policy. (If a country is in debt in its own
currency, as the United States is rapidly becoming, then a depreciation
has a positive effect on wealth and expenditure, reinforcing the
expansionary effects through the trade balance.)

Until now we have assumed, for the short run, inficitely elastic

* *
supply (g = ¢ = =) so that the output prices P and P  are fixzed
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(in their own currencies). Relaxing this assumption does not in itself
change qualitative conclusions about movements in output, assuming the
equilibrium price levels P and 5*-—whether interpreted as expected price
levels or as markup functions of input costs——are constant in the short
run. Where expansionary effects on Y were previously noted, they are
replaced by increases in P and, as a result, smaller increases in Y.
To be precise, only o/l+g of an increase in aggregate demand will be
reflected in higher output. All contractionary effects are similarly
reduced. In a well-specified model, the changes in P should in the
long run be large enough to eliminate any effects on Y. But we are
concentrating on the short run, in which most models show lncreases in
both P and Y.’

The last two ways that the standard transmission results can be
reversed operate via the equilibrium price levels in the supply rela-
tionships. Assume that P and E* in the supply functions are determined
as markups over input costs; i.e., their rate of change is a linear
function of the rate of change of the prices of oil and other inputs,

the rate of change of wages, and the long-run rate of productivity

99f course, there exist models in which prices rise so quickly that
there is no effect on output even in the short rum. At the opposite
extreme, a few of the large econcmetric models represented in the
Brookings simulations, have the property that an expansion actually
reduces prices in the short run. This may come as a consequence of
highly proeyclical productivity and the (more questionable) assumption
that prices are determined as a markup over current unit labor costs.
Alternatively, in the case of a monetary expansion, prices may fall if
capital costs (interest rates) are reflected in mark-up pricing:
Hickman (1986, 33) identifies such an effect in the LINK and Wharton
models for the United States, and it appears dominant in the LINK
simulation results for France, Italy and Canada.
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growth. An increase in input prices will shift the supply relationship
adversely, reducing output, Thus, to the extent that the price of o0il
is determined in dollars, an appreciation of the dollar is contraction—
ary for other countries. This effect of the exchange rate, like the
effects on real money balances and real wealth, runs in the raverse
direction from the standard trade balance effect in the Mundell-Fleming
model: fiscal expansions that appreciate the currency can be trans—
mitted negatively and monetary expansion transmitted positively, rather
than the other way around. Thus, this route tooc was open to those who
wished to argue that the strong dollar of the early 1980s hurt Europe.
The final variable that might depend on the exchange rate is the
wage rate. (For simplicity, let P equal the wage rate.) If wages are
fixed, or determined by the unemployment rate, then the standard results
are nﬁc affected. On the other hand, if wages are fully indexed to the
domestic price level, then equations (7) and (8) become Y = Y and
Y*= §* ¢ policy can have no effect on output in either country. The
interesting case is when wages are indexed to the consumer price index,
including import prices as in equations (9) and (10), because the

exchange rate can open a gap between the CPI and P. Equations (7) and

(8) then become

(11) ¥/T = (p/sp )19

i

x %
(l-a )o

—rlt *
(12) Y /Y (P 8/P) .

It is clear that one country's output can go up only if the other

country's output goes down. In the case of a domestic fiscal expansion
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that appreciates the currency (reduces S), there 1s a contractionary
effect on foreign income that is similar to those we saw for the effects
via real money, real wealth, and oil prices; all four work to reverse
the Mundell-Fleming result of positive transmission. One might expect
that a domestic monetary expansion, because it increases § in equation
(12), would have the opposite effect from a fiscal expansion, that it
would increase foreign income. But from equation (ll) the monetary
expansion would then have to reduce domestic income; this perverse
result can be ruled out by the recognition from equation (3) that Y
cannot fall unless 1 rises and reduces A or the currency appreciates
and reduces TB, neither of which will follow from a monetary

expansion. The only possible solution is that P rises by the same
proportion as S (the increase in the money supply) and there are no

real effects, either on domestic or foreign income .0

Table 1 summarizes the wvarious possible transmission effects of
the exchange rate. We now turn to the various results that appear in

the Prookings simulations of large econometric models,

10g,chs (1980, 737) and Argy and Salop (1977, 2-12; 1979, 228).
However if real wages are rigid in Europe and nominal wages are rigid in
the United States, U.S. monetary policy can be transmitted positively.
Argy and Salop (1977, 6-10), Oudiz and Sachs (1984, 13-14),
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TABLE 1
THEORETICAL TRANSMISSION EFFECTS

Fiscal Expansion Fiscal Expansion Monetary
with Low with High Expansion
Capital Mpbility  Capital Mobility

DOMESTIC CURRENCY: _ Depreciates Appreciates Depreciates

EFFECTS ON FOREIGN OUTPUT:

Effects wvia Trade Balance
= Capital Outflow

Interest Differential Positive Positive Negative

Regressive Exchange Rate
Expectations Positive Negative Positive

Effects via Domestic Demand

Laursen—Metzler‘Effect Negative Positive Negative
Real Money Stock Positive Negative Positive
Real Wealth Positive Negative Positive

Effects via Supply

Imported Inputs - Positive Negative Positive

Wage Indexation Positive Negative Positive

-13-




2. Fiscal Policy Multipliers in the Simulations

Table 2 summarizes the effects of a fiscal expansion, an increase
in government spending equal to one percent of GNP, according to the 12
models in the Brookings simulations. (The U.S. expansioﬁ is represented
by Simulation B with all signs reversed. The non-U.S. OECD expansion is
Simulation G.) The variables shown are output, the consumer price
index, the short-term interest rate, the exchange rate, and the current
account. The left colummns show the variables in the region originating
the fiscal expansion, and the right columns the foreign region. For
simpliéity the table shows the effects only in the second year relative
to the baseline.

The most well-known theoretical ambiguity, the effect on the
exchange rate, turns out to generate relatively little disagreement. In
the case of a U.S5. fiscal expansion, ten models show an appreciation of
the dollar. The only exceptions are the LINK and Wharton models, which
report a depreciation, evidently attributable to little or no capital
mobility. In the case of a non-U.S. fiscal expansion;there is more
divergence. But six out of eleven models still show the standard high
capital mobility resﬁlt, a domestic appreciation against the dollar.

The exceptions now include also the EEC, EPA, and VAR models. The asym-—
metry between the exchange rate effects of U,S. fiscal expansion and
European or Japanese expansion, which here shows up only in these three
models, has been attributed to a variety of possible reasons. One of
them, a greater tendency to monetize government deficits abroad than in
the United States, should have been ruled out by the careful specifica-

tion in the Brookings experiment that money supplies are held constant.
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Table 2. Fisecal Policy

Simulation Effect in Second Year of Increase in Covernment Expenditure {1 Percent of GNF)

i Currency €A ca¥ i*
Y CPT  (pes.)  Value ($b) ($b) (pes.) cPI*  ¥*
Pigseal Expansion in .

UeSe (=Sim. B) Effect in U.S. Effact in Non-U.S.
uew +1.87  +0.4%  +l.7 42,8 -16.5 +8.9 0.4  +0.67  +0.7%
EEC 1/ #1.2%  +0.8%  +1.S #0.67  =11.6 +6.6 +0.3 +0.2%T +0.3%
EPA 2/ +1.7% 40,92 +2.2 +1.9%  =20.5 +9.3 +0.5 +0,3% +0,9%
LINK +1.2%  +0.52 0.2 =0.1% =6.4  +1.9 ¥A  -0.07  +0.1%
Liverpoal +0.6% +0.22 +0.4 1,02 =7.0 +3.4 +0,1 +0.6% -0.0%
uSG T 50.9T -0.1Z +0.9 3,27 =21.6 +22.7  #1.0  +0.5%  +0.3%
MINIMOD +1.0%  +0,32  +l.l #1.02  =8.5  +5.5  +0.2  +0.1%  +0.3%
VAR 3/ +0.4%  -0.97  +0.1 +1.22 =0.5  =0.2 -0.0 =0.0%2 =-0.0%
0ECD +1.1T #0.6%  +1.7 +0.4%  =14.2 #11.4  +0.7  +0.3%2  +0.4%
Taylor 3/ +0.62  +0.5%  +0.3 +4.0% NA NA  +0.2  +0.42  +0.4%
Wharton #1.47  +0.3% +l.1 =212 =15.4 +5.3 0.6 -0,1T +0.2%
DRI #2.1%  +0.4%  +1.5 +3,22  =22.0 0.3 +0.4 +0,3%  +0.7%

Fiscal Expamsion in

Non~U.S. OECD

(Sim. ©) Effece in Non-U,S. Effeer in U.S.
MO +1.42  #0,37 +0.6 +0.3% 7.2 +7.9 +0.5 +0.3% +0.5%
EEC 1/ C #1.3% +0.8%2  +0.4 0.5 —9.3 3.0 0.0 +0.1%  +0.2%
EPA 2/ $2.32 40.7T  40.3  =0.7%  -13.1  46.7 0.6 +0.3T  +0.3%
Link +1.22  +0.1% HA -0.1% -6.1 +6.3 +0.0 +0.0% +0.2%
Liverpool +0.3%  +0.8% +0.0 3,37 =17.2 +11.9  +0.8  +3.1%  -0.5%
MSG #1.1%  +0.1Z  +l.4 $2.92  -5.3 #1005 +l.3 +0,6%  +0.4%
MINIMOD +1.62  +0.2%2  +0.9 F0.62  =2.2 432 40,3 +0.22  +0.1%
VAR 3/ #0.5% =032 —0.2° ~2.42  +l.7 -6 +0.2 -0.1% 40,32
DECD #1.5C  +0.7%  +1.9 40.97 =6.9 +3.3  +0.3  +0,2%  +0.1Z
Taylor 3/ +1.6%  +1.2T  +0.6 +2.7%  NA NA 40,6 +0.9%  +0.6%
Wharten +3,2% ~0.82 +0.8 =2.4% -5,5  +4,7  +0.1 =0.0% +0.0%
DRI " NA HA NA NA NA HA NA NA NA

1/ Non-U.S. short-term interest rate NA; long-term reported inscead.

2/ Non-U.S. current acsount is Japan, Germany, the United Kingdom, and Canada.
3/ CPLl NA. GNP deflator reported instead.



Another reason suggested, lower capital mobility (k), could explain
econometric findings for individual non-U.S. countries but cannot
explain the asymmetry in a well-specified two-country Mundell-Fleming
model: capital mobility into the United States cannot be higher than
capital mobility out of the rest of the world. The same applies to the
argument that non-U.S. countries are more open to trade than the United
States; given that the non-U.S. economy is larger than the U.S., it must
be less open in the aggregate. One explanation that works is a steeper
LM curve in the United States so that U.S. interest rates are more
easily driven up.11

For either U.S. or non-U.S. fiscal policy the simulations show
that changes are transmitted positively to the rest of the world, in all
the structural models but one. This is not surprising. Including even
the few cases where a fiscal expansion depreciates the currency, the
domestic current account is observed to worsen in all the structural
models (as it must in standard theory; it is the worsening of the trade
balance, if it is big enough, that is the cause of any downward pressure

on the currency under Mundell-Fleming). The foreign current account and

Youdiz and Sachs (1984, 7, 9, 22) find the asymmetry present in
the MCM and EPA models, and attribute it to the slopes of the LM curve
and the importance of dollar assets in the world portfolio. Yoshitomi
(1984, 34-37, 62) explains that the asymmetry in the EPA model is due to
the slopes of the LM curve and the degree of bond substitutability.
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foreign income therefore increase. L2

In the majority-case where a
fiscal expansion appreciates the currency, the positive transmission to
foreign output provides a preliminary indication that the four theore-
tical contracticnary effects of a currency depreciation discussed above
(via money balances, real wealth, imported input prices or wages) either
are not operating, or at least are not powerful enough to reverse
standard transmission results,

The one exception to positive transmission among the eleven
structural models is the Liverpool model., Though lining up with the
majority on the positive effect of a fiscal expansion on the value of
domestic currency, the negative effect on the domestic current account,
and positive effect on the foreign current account, the Liverpool model
nevertheless produces the unique result of a negative effect on foreign
outpﬁt. The reverse transmission holds both from the United States
abroad (weakly) and in the opposite direction (more strongly). Evi-
dently one or more of the four contractionary exchange rate effects is
operating. Minford (1984, eq. 2, pp. 88-89) specifies an adverse supply

effect from depreciation, apparently justified along the lines of the

last of the four effects enumerated above: an increase in wages, in

121n the VAR results, a fiscal expansion in either country produces
a current account deficit in the other country. In the case of a U.§, fig-
cal expansion, the non~U.S. current account worsens slightly in the second
year even though U.S. income rises, non-U.S. income falls, the dollar
rises against foreign curtencies, and the U.S. current account worsens!
Such results suggest limitations to the usefulness of using non-structural
models to answer questions about the likely effects of changes in policy.
Cooley and Leroy (1985) consider this methodological issue.

-17-




nominal or own-product terms.13

The Liverpool simulations show a
sharper increase in the CPI of the country not undertaking the fiscal
expansion, presumably as a result of the depreciation of its currency,
than do the other models. This could explain the strength of the
adverse supply effect in that model,

It is not surprising that the one model that shows the most
dissimilar results is nonstructural: the Sims-Litterman VAR model.
Like the Liverpool model it shows no positive transmission from U.S.
fiscal policy to non-U.S. output (the effect appears to be inverse in
the first two years, but insignificant to the third digit). More
anomalously it shows a fiscal expansion in either country reducing the
price level P in both countries (GNP deflator).14

To sum up the results of fiscal expansion, all structural models
show negative effects on the domestic current account, All but one show
positive effects on both domestic and foreign outpﬁc. All but one show
positive effects on the domestic price level. Several show a negative
rather than positive effect on the value of the currency, especially

when it is the non-U.S. OECD that is expanding. But the one case of

negative transmission to foreign output is not one of the few, like the

13However, Marston (1984, 136) specifically describes Minford's
exchange rate effect on supply as coming from imported inputs, not labor
costs. (Neither wages nor imported inputs appear explicitly in the
model.) Hooper (1986, 7) identifies the contractionary effect of the
exchange rate in the Liverpool model as the real wealth effect.

l4The Wharton model also shows the non~U.5. CPL declining in
response to a fiscal expansion originating in either country, presumably
due to a combination of markup pricing and procyclical productivity, as
mentioned in footmote 9,
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Wharton model, in which the domestic currency depreciates, which one
would expect to weaken the transmission link through the trade balance.
Rather, it is the Liverpool model, in which the domestic currency
appreciates, raising the other country’s CPI sharply with adve?se
effects on supply. .

These conflicts regarding the exchange rate and transmission
effects of fiscal policy are relatively few and within the bounds of
standard theoretical results. (This does not include the VAR model
which features anomolous effects on price levels, interest rates and

current accounts.)

3. Monetary Policy Multipliers in the Simulations

Table 3 displays the effects of a monetary expansion equal to 4
percent of the money supply, phased in over the first year (Simulation D
for the United States and H for the rest of the OECD). The simulation
findings for the effects of monetary policy show more conflict among the
models, and the conflict is less in line with well-known theoretical
amblguities, than for the effects of fiscal policy. The models divide
almost evenly on the transmission of a U.S. monetary eéxpansion to the
rest of the OECD. All models show a clear depreciation of the dollar.
The MCM, EPA, LINK, Liverpool, Minimod, Taylor and DRI models show the
standard Mundell-Fleming result that the appreciation of foreign cur~
rencies causes the foreign incomes to decline, though only the Minimod
shows the complete Mundell-~Fleming story of the domestic current account
improving, foreign current account worsening, and as a result foreign
output declining. The EEC, VAR, MSG, OECD and Wharton models show
positive transmission instead. When the monetary expansion originates

in the non-U.5. OECD, positive transmission occurs not only in those
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Table 3. Monetary Folicy

Sipulacion Effect in Second Year of Tncrease in Money Supply (4 Parcent)

i Currency CA ca® it
b4 [4:39 (pts<) Value ($b) {sp) (pes.) cPI* i
Manetary Expansion

in Us§. (Sim. D) Effect in U.S. Effect in Nom-U.S.
MM +1.5%  +0.4% =2.2 -5.0% 3.1 =3.5 =0.5 -0.6%2 ~=0.7%
EEC 1/ +1,02 +0.8% -2.4 =402 w2.8 +1.2  =0.5  =0.4Z  +0.27
EPA 2/ +#1.2%2 +1.,0%  =2.2 ~5.4% 1.6 =10.1 =0.6 =0.532 =0.4%
LINK +1.08  -0.42 -l.4 =-2.3% =5,9 +1.5 NA  =0.1%  -0.1R%
Liverpool +0.12  +#3.7%  ~0.3 -3.97 ~-13.0 +0.1 -0,1 -0.0%2 -=0.0%
MSG +0,3%7 +1.52 =0.8 -2.0% $2.6  =4.4  -l.2 =0.7%  +0.4%
HINIMOD +1.0% +o.§z -1.8 -5.7% #2.8  =4.7 =0.1 =0.22 -0.2%
VAR 3/ +3,0%  +0.4% -1.9 -22.9% +4.9  #5.1 0.3 +0.1%  +0.4%
OECD +1.6% +0.72 -0.8 ~2.6% 8.4  +3.]  =0.1  =0.1%  +0.3%
Taylor 3/ +0.6%  +1.2X =0.4 =-4.9%2 NA NA 0.1 -0.2%  -0.2%
Wharton +0.7%  +0.02 -2.1 -1.02 =5.1 +5.3 ~1.3 =0.1%7 -0.4%
DRL +1.32 +0.4% 2.3 -14.6% -l.6 +i4.5 -l.1 =1.32 -0.8%

Monetary Expansion

in Non-U.5. OECD

{Sia. H) Bffect in Non-U.S,. Effect in U.S.
MCM $1.5% +0.6%2 =2.1 ~5.4% #3.5  +0.1 =-0.2 ~0.2% -0.0%
EEC 1/ +0.87 +1.0% ~i.0 -2.3% ~5,2 +1.9 +0.0 #0.1%  +0.13
EPA 2/ +0.0%  +#0.0%2  -0.} -0.1% =0.1 +0.1 «0.0 -0.0% +0.0%
Link &/ +3.82 -0.6% HA =2.,3% 1,4 +3.5 +0,0 -0.0%3 +0.1%
Liverpool +0.4% +2.8% -0.9 ~8.4% #7.1  =8.2 =l.1 ~3.4% +1,8%
MSG +3.2%2  +l.5%2 0.7 147 ~-15.9 +12.0 -1.2 -0.6% +0.3%
MINIMOD +0.82 +0.22  -1.8 -4 ,8% #3,6 =l.4 =0.6 =0.3%7 -0G.3%
VAR 3/ +0, 7% -0.52 -3.0 =5.5% +5,2 =10.0 +0.6 =0.7%  +1.2%
CGECD +0.8% +0.3% -1.3 . =2.12 ~t,6  +2.3  =0.2 =0s1% +0.1%
Taylor 3/ +.82 +0.7%  =0.3 -3.5% NA NA  -0.2  =0.5% -0.1l%
Wharton +0,2%2  =0.1%  =0.8 +0.2% #2.6 +0.5 +0.0 +0.,0% +0.0%
DRI NA NA NA NA NA NA NA NA NA

1/ WNon-U.S. short-term interest rate NAj long-cerm reparted instead.

2/ Nen=i.S. current account is Japan, Germany, the Unired Kingdom, and Canada.

3/ CPI ¥A. ONP daflator reportad instead

E] Appreciation of non=U.S. currency HA; depreciation of dollar reported instead




five models but also in EPA, LINK, and Liverpool. In other words, the
Mundell-Fleming transmission result is reversed in 8 out of 11 models.

The obvious explanation for a rise in foreign income in response
to a domestic increase in the money supply and exchange rate is that the
appreciation of the foreign currencies has one or more of the expansion-
ary effects abroad enumerated above: increasing the real money supply
and real wealth or decreasing wages and imported input costs. If any of
these expansionary effects is strong enough to dominate the change in
the trade balance, we could get the positive transmission. The primary
obstacle to attaching this interpretation to the models is that in the
Brookings simulations for the case of a non-policy depreciation of the
dollar (Simulation FL eight of the ten models show a clear negative
effect on foreign income. The only one to show a clear expansionary
effect, despite the worsening in the foreign trade balance, is the
Minimod model, which is not one of those showing positive transmission
of monetary expansion. This suggests that the observed positive trans-
mission of a U.S. monetary expansion to foreign income occurs through
some channel other than the exchange rate.

In the case of the EEC, OQECD and Wharton models, the channel of
the transmission of a U.S. Qonetary expansion is easily identified:
despite the depreciation of the dollar, the U.S. current acecount worsens
and the foreign current account improves. Puzzlingly, the worsening in
the U.S, current acccount occurs not only in the three models in which

non-U.5. output rises, but also in five of the models in which non-0.S.




output falls: ‘the MCM, EPA, LINK, Liverpool, and DRI models.15 In the
case of the MCM and EPA models, the non-U.5. current account worsens
even though the U.S. current account Worsens,16 while in the other
three, non-U.5. output falls even though the non-U.S. current account
improves; either breaking of the trade transmission link seems quite
difficulr to explain.

The surprise contained in the deterioration of the U.S. trade
balance in 8 out of 1l of the models is not the faet that the dollar
depreciates. Higher U.5. income accounts for higher imports, and
Simulation F, the “"non-policy exogenocus depreciation of the dollar,”
reveals that several of the models have a prolongéd enough J curve
that the trade balance does not respond positively to the exchange rate
until the third or fourth year (Wharton, OECD, and LINK). The puzzle
from the viewpoint of the Mundell-Fleming model is rather how the net
capital inflow, which mest equal the trade deficit under £loating
exchange rates, can increase after a monetary expansion. The monetary
expansion should decrease the U,S, interest rate (except, of course, in
models where there are lags in neither expectations nor price adjust-

ment). In the simulations, the interest rate does indeed decrease,

150udiz and Sachs (1984, 20-22) report that monetary expansion
worsens the domestic current account, for the EPA model as well as the
MCM model (for either the U.S., Japan, or West Germany). Yoshitomi
(1984, 347-350, 396) confirms this property of the EPA model.

leThe U.8. and non-U.S. current accounts move the same direction
for the VAR model as well, In a well-specified two-country model such
results would be impossible. Since the simulation results include only
the larger countries, it is conceivable that the total U.S5. and non-U.S.
current accounts could change vis—a-vis excluded countries like QPEC.
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though for most models the nominal interest rate has already begun to
start back up by the second year.l7 The Mundell-Fleming theory under
floating exchange rates says that the lower interest rate should induce
a capital outflow, implying a sufficiently stromg currency depreciation
to improve the current account correspondingly.18 The models in the
simulations seem to be behaving more like models of fixed (or managed)
exchange rates, where an increase in the money supply flows out of the
country through a trade deficit financed out of foreign exchange
reserves, than like models with no intervention in the foreign exchange
market .

Helliwell and Padmore (1985, 1130-31) and HEIIiwell (1986, 15)
have identified why some of the large econometric models have the
property that a monetary expansion causes a net capital inflew. Capital
flows respond not only to interest rates but also to expectations of
future exchange rate changes. If the instantaneous depreciation of the
currency, which results from a2 monetary expansion, generates expecta-—
tions of future appreciation back toward long~run equilibrium, then it

will have a positive effect on the attractiveness of domestic assets

17Again the Liverpool model is the exception: the interest rate
rises in the first year and falls in the second. But even in this
model, it is lower in the second year relative to the zero baseline.

18In models of perfect capital mobility, the ex ante decrease in
demand for dollar assets, which leads to the depreciation of the
currency, is not the same thing as an ex post decrease in the net
capital account balance. But if perfect capital mobility ties the
domestic interest rate to the foreign interest rate, then it means the
trade balance must improve even more (by enocugh so that the higher
transactions demand absorbs all the increased money supply, with no help
from lower interest rates, except via large-country effects).
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that runs counter to the lower interest rates. In Helliwell's terms,
speculative capital flows fulfill the stabilizing "buffer stock” role
 that official intervention would play under a system of fixzed or managed
exchange rates. This regressive type of expectation has been found to
be rational in the Dornbusch (1976) overshooting model and some other
versions of the asset market approach to exchange rate determination.
Its properties in the Mundell-Fleming approach to the capital account
are somewhat less well-known, though stated by Mussa (1979, 191).19 It
is clear that many as yet unresolved research issues continue to fall
under the heading of understanding expectations and the capital account..
The positive transmission to foreign real GNP requires a second
modification of the Mundell-Fleming model, in addition to the capital
account, For the foreign money market equilibrium condition (2) to hold
with no change in the foreign money supply, and with a fall in domestic
and foreign interest rates, the foreign price level must fall despite
the rise in foreign real GNP. The forelgn CPI and GNP deflator both do
fall in most of the model simulations, because of the appreciation of
foreign currencies.20 Indeed, in half the models in which foreign real

GNP rises, foreign nominal GNP nevertheless falls.

19Yoshitomi (1984) emphasizes the importance of regressive exchange
rate expectations in potentially reversing the direction of capital
flows. Among the other models that now incorporate the regressive
exchange rate expectations of Dornbusch (1976) are the MCM model (Haas
and Symansky (1984)) and Minimed. The MSG model, Minford (1984, 90,97),
and Taylor (1985, 56) make the assumption that efficient market
arbitrage drives the interest differential to the rationally expected
rate of depreciation; but only MSG shows the exchange-rate overshooting
that is required if regressive expectations are to be rational.

201 am indebted to Gerry Holtham and Warren Trepeta for this point.
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To sum up the results of monetary expansion, almost as many
models show positive transmission to the rest of the OECD as show
negative transmission, and a majority show positive transmission from
the rest of the OECD® to the United States. Their reversal of the
Mundell-Fleming result is not attributable to non-trade effects of the
exchange rate on foreign income. Rather it is usually due to a trade
balance shift in favor of the foreign country, In terms of target
variables of interest to the domestic country, the effect of a monetary
expansion on the trade balance is the issue on which the models disagree
the most. Several of the models feature a non-interest rate related
capital flow into the domestic country--contrary to Mundell-Fleming--
allowing the monetary expansion to worsen the trade balance. It is
striking how little resemblance such simulation results bear to the

picture presented in the theoretical literature.
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ABSTRACT

This paper examines the implications of conflicting estimates of macro-
economic multipliers for international policy coordination. The exist-~
ing literature makes the unrealistic assumption that policy-makers all
know the true model, from which it follows that the Nash bargaining
solution is in general superior to the Nash competitive solution. But
everything changes once we recognize that policy-makers' models, as the
models in the Brookings simulations, differ from each other and there-

- fore from the "true” model. When the central bank and fiscal authori-
ties subscribe to conflicting models, it is still true that (1) the
competitive equilibrium is sub-optimal, and that (2) the two authorities
will in general be able to agree on a cooperative policy package that
each believes will improve the objective function; however, (3) the
bargaining solution is as likely to move the target variables in the
wrong direction as in the right direction, in the light of a third true
model. Out of 1,210 possible combinations of different models sub-
scribed to by the two policy authorities and models representing
reality, bargaining raises welfare in only 728 cases. The conclusion is
that disagreement as to the true model may be a more serious obstacle to
successful policy coordination than 1is institutional failure to enforce
Pareto-improving solutions.

*Forthcoming, Empirical Macroeconomics for Interdependent Economies
edited by Ralph Bryant and Dale Henderson (Brookings Institution:
Washington, D.C.). This paper is a revised version of the second half
of NBER Working Paper No. 1925. The author would like to thank
Katharine Rockett for capable research assistance.







1. Introduction

An easy way for an outsider to tell when an academic discipline
has not yet ascertained “the truth” is when its practitioners each give
different answers to the same question. We know that we as macroecono-
mists have not yet ascertaiped "the truth,” if there was previously any
doubt on this score, when we look at the great divergence in forecasts
as to the effects of carefully-specified policy changes in the Brookings
simulation exercise "Empirical Macroeconomics for Interdependent
Economies”. The probability that a given model is correct is small, when
the number of models giving different answers is large. Furthermore it

is unlikely that we will ever discover the true model; the number of

different models and the way models keep changing over time i1s evidence
of this proposition, and it seems inherent in the nature of social
sclence.

There are three ways research can proceed. The first is for the
researcher at each point in time to maintain that he or she has now
discovered the one true model, and that all other models are wrong. The
second is for the researcher, while continuing to speak the language
that suggests his model is the ome true one, to recognize implicitly
that this language is merely a convenient shorthand. The third is to
focus explicitly on the co-existence of conflicting models.

The second research strategy is the best ome to pursue for most
economic problems. The econometrician knows that his parameter esti-
mates are not exactly correct. More generally, all modellers know that

their models must be incomplete and misspecified. Nevertheless, if the




aconomist is good, the errors in his model will be such that, even if
they could be correctly handled, it would not much change his forecasts
(in the case of an econometric forecasting model) or the conceptual
point he is trying to make (in the case of a theoretical model). While
it may be useful for the modeller to have explored as many extensions as
possible in appendices and such, there 1s not a need for him tc be able
t¢ c¢laim that he has exhausted the truth. Nor is there a need for him,
on the other hand, to make frequent disclaimers; the readers will
understand that the model is not to be taken as literal truth.

These issues become most salient where, as in most modern macro-
economic models, agents in the proposed model must make decisions based
on expectations formed from some model of their own., The rational
expectations assumption is, of course, the assumption that the model
used by the agents is the same as the proposed larger model., As soon as
we admit that--because intelligent people are observed to believe in
conflicting models——we cannot claim that the proposed larger model
necessarily is literal truth, it follows that we cannot claim that
agents' models must necessarily be literally identical to the proposed
larger model., But, again, for many economic problems, especially those
involving the microeconomic decisions of private agents, one can make a
case that there is little to be gained by explicitly focusing on diver-
gent models. The assumption that the agents know the one true model
will continue to be an attractive modelling strategy.

When the decision makers are governments and the decision vari-
ables are macrceccnomic policies, the case for assuming that everyone

knows the one true model is less compelling. Tn the first place, there
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is no powerful force like the marketplace to discipline governments who
use incorrect models. In the second place, the Federal Reserve Board's
MCM model, the Japanese EPA model, the OECD Interlink model, etc., are
the best that these government agencies have, and we can see that these
models conflict. One can argue that microeconomic agents havé access to
specific knowledge of a common model unavailable to the macroeconomist.
It would be more difficult for a macroeconomist at a government agency
to argue that policymakers at his or her own agency have access to
knowledge of a common model unavailable to the macroeconomist himself.1

It is a general principle of the existing literature on
macroeconomic policy coordinmation that, when two policy-makers both
affect variables that each cares about, they can do better by cooperat-
ing than they would in the Nash equilibrium, in which each acts to
maximize his own welfare function taking the actioms of the other as
given.2 This principle has led economists to propose increased

coordination between different domestic policy-making agencies, and

lthis is not to make the naive mistake of thinking that policy
makers put complete faith in the models of the macroeconomists at their
own agencies, nor that the latter necessarily have access to the latest
data and thoughts of the former., But policy makers, at best, base their
thinking on models--whether developed by government, academic or
corporate institutions-—similar to those in the Brookings modelling
exercise. (For example, Eritish macroeconomic policy under Thatcher may
have been based on a model closer to the Liverpool model, which appears
in this exercise, than to any models previously existing at the U.K.
Treasury or Bank of England.) Policymakers, more likely, base their
thinking on “models” that conform even less to each other or to truth
than do the models of macroeconomists.

Zrhig paper is not the first to develop an exception to this
principle. Ome counterexample (along very different lines) is offered
by Rogoff (1985). For good introductions to the coordination
literature, see Qudiz and Sachs (1984) or Cooper (1985).
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between domestic and foreign policy-makers. An example of the first
type from the 1980s is the argument that the Federal Reserve should
agree to follow a looser momnetary policy in return for the Admini-
stration (and Congress) agreeing to reduce the federal budget deficit.
The point would be to reduce interest rates, the value of the dollar and
the trade deficit, without losing anything in the output/inflation
tradeoff. An example of the second type is the argument that the United
States should agree to follow a tighter budget policy in return for
Europe and Japan agreeing to move in the opposite direction.3 The
point, again, would be to reduce the trade imbalance without causing a
world recession.,

The existence of conflicting models gives the literature on
international coordination a certain air of unreality. To begin with,
the issue of the gains from coordination is subtle enough that, even
among economists who agree on the broad outline of the correct model,
small differences can lead to opposite recommendations as to the direc—
tion in which policy-settings must be moved to reap the gains from
coordination. An example in domestic U.S. policy-making is that move-
ment in the direction of a tight monetary policy and a loose fiscal
policy, far from being the outcome of a destructive lack of coordination
between the monetary and fiscal authorities, might be thought desirable
from the national point of view: the high value for the dollar reduces

the U.S. Consumer Price Index and thereby allows an improvement over the

3For example, Layard et al (1984) and Marris (1985).
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regular output/inflation tradeoff.é Examples in the intermational
context abound. OECD countries are often urged to undertake a coordi-
nated expansion; the argument is that each is reluctant to expand on its
own for fear of worsening its trade balance and/or currency value.” On
the other hand there has been talk about the need for coordinated mone-
tary discipline (particularly in the 1970s) and coordinated budgetary
discipline (particularly in the 1980s). It seems that every possible
combination has been suggested: the Nash non-cooperative equilibrium is
variously thougﬁt to result in competitive currency appreciationm,
competitive currency depreciation ("beggar-thy-neighbor"), insufficient
expansion, or excessive expansion. It has even been suggested that the
gains from international coordination 1ie in an agreement that one
country will expand whenever others are contracting and vice versa.

If such contradictions are possible within the standard models of

mainstreanm macroeconomists,6

the situation is even worse once the more
widely-scattered views of policy makers are acknowledged. In the con-

text of 1983-1984, there was little point in trying to convince the U.S.

4Sachs (1985), for example, has offered this interpretation of the
U.S. monetary/fiscal mix in the early 1980s--that it might have been
optimal given the objective function.

5One of many examples from the 1980s is Bergsten et al (1982). The
gains from coordinated expansion by Europe, Japan and the United States
were also behind the locomotive theory that led to the 1978 Bonn Summit.

6Some of the conflicting possibilities arise from uncertainty as to
what are the variables that should enter the objective function and
where the economy currently is relative to the optimum, rather than
uncertainty as to the correct model or parameter values. The economist
could plausibly argue that such questions can only be answered by the
political process,




Treasury that, to correct the exchange rate and trade imbalance, the
United States should reverse its fiscal expansion in exchange for
European and Japanese fiscal expansion. The Treasury view was that
there had been no U.S. fiscal expansion to begin with, that fiscal
expansion causes currencies if anything to depreciate, that the strength
of the dollar was instead attributable to other factors (the “safe-
haven™ effect), that the trade deficit was in any case not attributable
to the strong dollar (but rather to rapid U.S. growth), and--most
relevantly--that the Administration did not want Europe and Japan to
undertake fiscal expansion.

The purist will argue that if policy makers have different
"information,"” then they "should" share it with each other and agree on
a common model. The proposition about gains from coordination holds
regardless of which model is correct.7 In practical terms; then, the
purist is urging on economists a research strategy of first discovering
and agreeing on the true model, and only then convineing policy makers
that it is the true model (a task that would surely be less difficult if
macroeconomists agreed among themselves) and pointing out the gains from
coordination based on this true model,

Research will, and should, proceed with the aim of developing

models that more closely reflect economic reality. Most of this

7Some authors, such as Canzoneri and Gray (1983), set up their
theory in a framework general enough to encompass all of the possible
positive or negative effects. The direction in which policies must be
moved in order to reap gains from coordination can be viewed as a
function of the parameter values, the latter presumably to be filled in
later by the econometrician.




research will, and perhaps should, proceed under the assumption that
actors within the model act on the basis of the model itself. But there
is also a need for research under the assumption that actors have
different models. These are the only circumstances under which policy-
making is likely to take place.

In this paper, we consider the domestic problem in which the two
policy makers are the monetary authority and the fiscal authority. In a
sequel paper we consider the international problem, in which the policy
makers are the.U.S. authorities on the one hand and European and
Japanese authorities on the other.8 The findings in the internaticnal
context are quite similar to the findings reported here. In both
problems, the 12 models that participated in the Brookings simulations
are used to illustrate the conflicting beliefs that policy makers could
have, and their implications for coordination.

We will consider here what happens when the monetary and fiscal
authority have identical welfare functions, so as to focus on the role
of divergent models in policy conflict and coordination. In the case of
international coordination the policy-makers clearly have different wel-
fare functions,9 but there is no reason why this should necessarily be

true in the domestic case.

8Frankel and Rockett (1986).

gln the appendix to Frankel (1986), the NBER Working Paper version
of this paper, the monetary authority is assumed to care about one
variable (internal balance or external balance) and the fiscal authority
to care about the other. This is the classic "Assignment Problem.” BRut
when each has only a single target variable, the optimum is attained in
Nash equilibriumm and there is no issue of a separate cooperative equi-
librium. 1In Frankel and Rockett (1986), coordination arises out of both
conflicting perceptions, as in the present paper, and conflicting
targets, as in the standard literature. -




2., The Theory of Coordination When Policy-Makers
Disagree (Only) About the Model

We begin by showing how the monetary and fiscal authorities will
prefer a cooperative equilibrium to the Nash non-cooperative one despite
an identical welfare function, if they subscribe to different models.

We will also show how, if neither of the policy makers happens to have
the correct model, the cooperative equilibrium could as easily be
inferior to the Nash equilibrium as the other way around, that is, could
result by the light of the true model in a lower value of the agreed~
upon welfare function.

When we study international coordination, each country must have
more than two goals; otherwise it can use its two instruments, domestic
monetary and fiscal policy, to attain both goals regardless what the
other country does, and no interesting issue of coordination arises.

But here we consider domestic coordination and limit the welfare funcw
tion to two goals for simplicity. Let y be the log of domestic output
and x be the current account as a share of GNP, both expressed as
deviations from their desired or sustainable long-run levels. (In
computations of the sort performed in this paper, we have also tried the
exchange rate and the CPI for the second goal). The framework shared by

all is the familiar linear one of targets and instruments:

(1 A+ Cn + Fg
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Subscripts on the upper case letters, the policy multipliers,
will indicate the different values they can take depending on the
model: a "e¢" to represent the perceptions of the central bank, and an
“f° to represent the perceptions of the fiscal authority. We adopt the
conventional assumption that policy makers seek to minimize a quadratic

loss function w:
2
{3) w=y + wxz

To ascertain the behavior of the central bank we differentiate the loss

function with respect to m, with subscripts on the multipliers. The

first order condition is:

(4) m =-1_ - ch ’
CcAt + D B
where Ic = > 5
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To ascertain the behavior of the fiscal authority, we take the

derivative with respect to ¢g. The first order condition is

(5) g = -Kf - Lfm .
FpAp + BB
where K. =
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If both policy makers knew the true model, all subscripts could be
dropped. The optimal solution in terms of the true parameters would
then follow by solving the two equations simultaneously for g and
m. There would be no issue of conflict or coordination, each agency
8imply doing its agreed-upon part.

But if the policy makers believe in different models, the
subscripts must remain. The first equation has been solved for m as a
function of g and the second vice versa, so that they represent the
two authorities' reaction functions to each other's policies. The Nash
non~cooperative equilibriwm is:

--Ic + Jch

1 - Jch

(6) o =

-K_ +L.I
c

n £ £
(7) & =7T-71L °
c f

Assume the central bank believes in model 1. In Figure 1 we
graph its reaction function CBl, as represented by equation (5). We
draw it downward-sloping (a positive Jc); this would follow when, as in
many of the models, m and g both have positive effects on income and
both have negative effects on the current account. The central bank's’
perceived indifference curves radiate out from its perceived optimum,
point 1. They are intersected by CBl wherever they are flat, because

along CBl the central bank is optimizing with respect to m for a

given g,
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Figure l: The Nash Competitive Equilibrium
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If the fiscal authority also believed in model 1, then 1its reac-
tion function FAl would also pass through point 1. But let us assume
the fiscal authority believes in model 2. We draw its reaction function
FA2 upward-sloping (a negative Lf). This slope might follow if the
fiscal authority's model differs from model 1 by featuring a positive
current account multiplier for the money supply Df, as in the MSG,
Minimod, and VAR models in the case of U.S. monetary policy (the MCM,
Liverpool, Minimod, VAR and Wharton models in the case of non-U.S.
monetary policy). 10

The fiscal authorities' perceived indifference curves radiate
from its perceived optimum, point 2. They are intersected by FA2 wher-
ever they are vertical, because along FAZ the fiscal authority is opti-
mizing with respect to g for a given m., The Nash non-cooperative
equilibrium is where the two reaction functions intersect, point N. We
assume in this paper that the two policy-makers know what each other's

11

beliefs are, so that they jump directly to equilibrium at N. If the

lolf the second target variable were the exchange rate instead of
the trade balance, then the ambiguous effect of a fiscal expansion
discussed previously could change negative slopes to positive. If it
were the price level, then the negative effect of a monetary expansion
in the LINK model or of a fiscal expansion in the VAR model could have
the same implication. However, the points to be made here, particularly
that coordination need not improve welfare, require only that the
parameter values differ; they need not differ enough to give opposite-
signed slopes.

Hhere 1s a potential issue of stability. If the policy-makers
are thought of as taking turns reacting to each other according to (4)
and (5), will they actually reach the Nash equilibrium point? Stability
requires that the absolute value of the slope of CBl exceed the absolute
value of the slope of FA2. If the condition is satisfied, there is a
second question of whether convergence to equilibrium will be slow or
rapid.
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two policy makers happen to have the same model, then point 1 = point 2
= point N.

It 1s very easy to see that the Nash solution represented by (6)
and (7) is not the optimum. (One would need Ic =1, Kf = K, Jc =J
and L = L, where the unsubscripted letters are defined analogously to
the subscripted ones so as to represent parameter values in the true
model, for the Nash solution to be the optimum,) Neirher policy maker
will be happy with this equilibrium, each cursing the stupidity of the
other for not moving in the desired direction. As we have drawn Figure
1, the fiscal authority wishes that the central bank would increase
money growth, so as to depreciate the currency and improve the current
account. But the central bank's perception is different, that increas-—
ing money growth would worsen the current account., It wishes the fiscal
authority would decrease government spending.

One might think that when two policymake;s have conflicting views
as to the effects of any proposed package of policy changes, they would
simply fail to come to an agreement to coordinate. But even assuming
that neither policymaker is willing to revise his beliefs, there will in
general be a bargain they can make that will raise the perceived welfare
of each. In Figure 1l the authorities' indifference curves at N have
slopes of zero and infinity, respectively, from which it follows that
they are not tangent. They can both agree to move in the southeast
direction. There 1Is an entire range of points, those in the shaded
"lens,” that dominate N for both policy makers. Which point will they
actually agree on? Much of the literature singles out the Nash

bargaining seclution, at which the product of the two agents welfare
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gains 1s maximized relative to what perceived welfare would be at the
Nash competitive solution N12.12  The bargaining solution is
represented by a point on the contract curve like the one labelled

Bl2 in figure 2. We would choose m and g to maximize
' n
(8) (W (m.g) - W (n",g" ) (W (m,g) - W (a" &™)

2 2
= ([(Ac + Ccm + ch) + Q(Bc + Dcm + Gcg) ]
n nz 8] n2
- [(Ac + Ccm +Fog ) o+ m(Bc +Dm + Gcg > 1)
(A, + Com + Fg)? + (B + Dom + G,g) 2]
£ Vg £ £ " Vg £8

2 2

- {(Af + Cfmn + ngn) + m(Bf + Dfmn + Gfgn) ]),

Notice that the analytics of maximizing the two agents' welfare
functions are the same as in the standard coordination problem., One
could not tell from equation (8), if one did not know, that the
parameters refer to different perceptions of the same multipliers,
rather than similar perceptions of different multipliers,

The usual enforcement problems exist as well: each would prefer
to cheat on the bargain. We will ignore issues of repeated games,
credible commitment, etc., and content ourselves for the purposes of
this paper with comparisons of the static cooperative and non-

cooperative solutions.

lze.g. Qudiz and Sachs (1984, 36-37). When speaking of the product
of the gains we mean them to be positive. And we rule out side-payments,
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Figure 2: Policy Coordination




One possible alternative to the Nash bargaining point as a
cooperative solution for the problem of conflicting models would be for
the policy makers to "bargain” over what is the correct model. In the
event of widely diverging Bayesian priors, it would probably take a
prohibitively great amount of new data for the two to reach a genuine
convergence of beliefs. But for the sake of compromise, in an attempt
to improve on the competitive equilibrium N12, they could agree to base
their policy actions on a version of equations (1) and (2) in which the
parameter estimates are taken as a weighted average of their individual
parameter estimates. If one wished to preserve the symmetry that
characterizes the Nash bargaining solution (8), the weights could be
equal, although this seems ad hoc.,

A possibility for future research is to compare the implications
of a strategy of averaging the parameter estimates to the implications
of the usual Nash bargaining point. As a positive, rather than norma-
tive, solution concept, it has the disadvantage that it could lie out-—
side the shaded lens, that is, it could result in one policy-maker's
perceived level of welfare being less than it would be at point N12.

But if the average of two parameter estimates is a better estimator of
the true parameter value than either alone, as is often the case in sta-
tistics, then it might be possible to show that the averaging solution
would result in a higher expected value of welfare as judged by the true
model than the Nash bargaining solution. The prescriptive conclusion
would be that ministers in OECD meetings should spend less of their time
telling each other how to change their policies and more of their time

discussing the basic assumptions underlying their views of the world.
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Our major question here is whether movement of the policy
settings in the direction that raises each policy maker’'s perceived
welfare, for example movement to the bargaining point Bl2, does in
reality affect y and =x 1In such a way as to improve welfare. The
answer of course depends on the true model. If one or the other of the
policy makers' models {1 and 2) happens to be the true model, then
cooperation will necessarily improve welfare; otherwise that policy
maker would not have agreed to the change. But, as we argued in the
introduction, this is unlikely to be the case. More likely, reality is
represented by some third model, say point 3 in Figures 1l or 2. The
true welfare levels produced by various combinations of m and g are
represented by the indifference curves radiating from point 3. As we
have drawn 1it, cooperation turns out to reduce welfare, though it could
as easily have been the reverse.

To see what other outcomes are possible, we can swap models.
Figure 3 shows the possibilities. If the central bank believes model 3
instead of model 1 then its reaction function is given by line CB3. If
the fiscal authority believes model 1, then the reaction line is given
by FAl. The Nash competitive point is now N31 instead of N12. The two
policy makers can raise the perceived welfare of each by agreeing to
move in the northeast direction. If reality is represented by the same
model 3 then cooperation necessarily improves welfare, But if reality
is represented by model 2 instead of model 3, then the Nash point N31
must be judged by the standard of the indifference curves radiating from
point 2. As we have drawn the graph, cooperation turms out to raise

true welfare with this combination of models.

-17=




4) ?

e | /N

3 ~J
FAL
N1 N23 FAJ
N3l /
N32 i‘
N2l “
_ \\\. .

Fa2 B3

(B2

m

Figure 3: Possible Combinations of Three Models
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Altogether there are twenty-seven (= 3 x 3 x 3) combinations:
the fiscal authority can believe any of the three models, the central
bank can believe any of the three, and reality can be represented by any
of the three. In the 9/27 combinations where the two agencies happen to
share the same model, coordination is not an issue one way or the other.
Out of the remaining 18 combinations there are 12 in which one of the
two agencies' models coincides wirh the true model; here coordination
necessarily improves welfare. The remaining 6 combinations could go
either way; when all three models are distinct, it seems that coordi-
nation could reduce welfare (as from point N12) as easily as improve it
(from point N31). This case becomes more important as the number of
distinct models becomes larger. If there are q models, there are
q(q=1)(q-2) combinations in which three different models are featured,

out of a total of q3

combinations. The limit as ¢q goes to infinity,
in which the probability of divergent models goes to 1, seems to

describe the actual state of affairs.

3. Evidence from the Simulations

How ifmportant is the issue of conflicting models likely to be in
practice? For example, is the case where coordination reduces welfare
as judged by the true model merely a pathological counterexample? 1In
what follows we use the simulation results of the international macro-
econometric models that participated in the Brookings exercise to see

what might happen. If we used all 12 models there would be 1728 (=123)
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combinations. To keep the problem more manageable,13

we first
concentrate on 6 models {giving 216 combinations}): the MCM, EPA, LINK,
Liverpool, VAR and OECD models. The models were chosen to be repre-
sentative of the full range of models both with respect to geography--—
one might choose to associate the MCM with U.S. beliefs, the EPA with
Japanese beliefs, and the OECD with European beliefs-—and with respect
to philosophy-=-the LINK model being considered the most Keynesian of the
twelve, Liverpool the most monetarist/mnew classical, and VAR the only
non~structural model.

This study follows the path blazed by Oudiz and Sachs (1984).
Indeed they listed uncertainty (though not disagreement) as to the
correct model as one of the topics remaining for future research:

"A second difficulty in our treatment is the implicit assump-

tion that the "true” model of the world is known with certain-

ty and that exogenous shocks are absent during the planning

period....We have not yet investigated the implications of

such uncertainty for the logic of policy cooperation, but it

is important to do so. We think Feldstein is correct when he

says that such uncertainty is a major practical impediment to

greater policy coordination.” (p. 56)
Oudiz and Sachs calculated the effects of international coordination
taking the policy multipliers from the MCM and EPA models. They noted
differences between the econometric models, but maintained the usual

assumption that the models used by both policy makers coinclded with

each other and with reality.

13It is as easy to program the computer to do 1728 combinations as
fewer, and we offer the summary statistics below., But the output is too
much to present in a table.

=20



We take policy multipliers from the simulation results reported
in Tables 2 (government expenditure) and 3 (money supply) in Frankel
(this volume). These are the effects in the second year, chosen to
represent the relatively short run, but allowing enough time to get past
the negative part of the J-curve. For any experiments that envision the
policy-makers acting in real time, one can imagine using dynamic multi-
pliers, that is, the entire time profile of policy effects that was
produced in the simulations; but this complication is left for future
research. Table 1 reports the policy multipliers for an increase in
government spending equal to one percent of GNP or one percent increase
in the money supply: the effect on the level of GNP and the effect on
the current account, both expressed as a percent of GNP, The first
vector can be interpreted as the model estimates of the comventional
textbook multiplier, the dollar increase in GNP per dollar increase in
spending.

Computing the reaction functions (4) and (5) requires knowing not
only the perceived policy multipliers, but also the relative welfare
weight (w) placed on the trade balance, and the perceived optimums for

the income and trade-balance targets.l4

Even though we have decided
here to attribute the same w to both policy makers, in order to
concentrate solely on conflicts in models, the value judgment remains an

exceedingly difficult and arbitrary task. It seems that the calculation

as to the location of the Nash point can be as sensitive to the choice

14Choosing the target optimums around which =x and y are
measured is equivalent to choosing the constant terms A and B,

-
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TAELE 1

U.5. MULTIPLIERS IN THE SECOND YEAR

Percentage effect on the

Effect on the current account

level of income as a percentage of GNP
vy X

From a 1% From an increase From a 1% From an increase

increase in govt. spending increase in govt. spending

in money of 1% of GNP in money of 17 of GNP

C F D G

Models
MCM 0.3750 1.8000 -0.,0198 -0.4217
EPA 0.3000 1.7000 -0.0102 -0.5233
LIVPOOL 0.0250 0.6000 -0.0832 =-0.1791
VAR 0.7500 0.4000 0.0311 -0.0127
DECD 0.4000 1.1000 -0.0537 -0.3628
LINK 0.2500 1.,2000 -0.0380 -0.1647
EEC G.2500 1.2000 -0.0180 -0.2990
DRI 0.4500 2.1000 -0.0089 =-0.5577
MCKIBB 0.0750 0.9000 0.0167 =0 .5540
MINIMOD 0.2500 1.0000 0.0179 -0.2172
WHARTON 0.1750 1.4000 -0.0331 -0.,3993
Source: Brookings simulation results,

Monetary multipliers from simulation D, divided by 4 to go with second-year
changes in the level of M; fiscal multipliers from simulation B, with sign
reversed to go with fiscal expansion; effects on current account divided by
baseline GNP to get effect as a proportion of GNP.
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of welfare weights and constant terms as to the choice of policy multi-
pliers, Oudiz and Sachs made their choices based on the calculation of
what the welfare weights would have to have been for policy-makers,
optimizing in Nash equilibrium, to produce the values of output, infla-
tion and trade balance actually observed in the 1980s. There are prob~-
lems with this methodology. To use it in our context would require the
computation of different weights, not only for the two policy-makers,
but for every possible combination of nodels. Instead we simply take
weights from the EPA case of Oudiz and Sachs and apply them uniformly to
all models, so as to have a common standard of evaluation.15 The rela-
tive weight on the current account is 0.47, and on output is 0,07,

One peoint regarding the constant terms can easlily escape notice.
In assuming that the policy makers react directly to each other'sg
policy=-settings g and m rather than to the target variables y
and x, we have implicitly assumed that they ignore observed deviations
of y and x from what they would have expected based on their models,
or treat them as purely random disturbances.16 An alternative would be
to assume that they treat such observed discrepancies as following a
random walk, that is, as permanent revisioms in the constant terms A
and B, This would be equivalent to a perpetual updating of the inter-
cepts of the reaction functions to insure that they always pass through

the target optimm y =x = 0.

15We do not use their weights for the MCM case because the reported
weight on the U.S5. current account is zero.

164 complete Bayesian analysis would have agents ascribe only part of
the observed discrepancy to the error terms, and part to a revision of the
parameter values. But the premise of this paper is that it is realistic

to assume that policy-makers revise their models to a negligible extent.
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Table 2 reports the results for the Nash equilibrium when the two
goals are output and the current account balance, under 36 possible com~
binations of models to which the monetary and fiscal authorities can
subscribe. If one chooses, one can think of the policymakers taking
turns in real time, 7 The first entry in each cell reports whether the
Nash equilibrium is stable, and the second reports the number of itera-
tions required to reach convergence {of both target variables, to within
a tolerance of 1.0 percent).l7However one may choose Instead to think of
the policymakers instantly jumping to the Nash equilibrium., The third
and fourth entries in each cell give the equilibrium values for the
money supply and government gxpenditure, expressed relative to the
baseline used in the simulations. The other entries give the values of
the target variables and the welfare funtion that would follow under
each of the two models in question.

The main focus of interest is Table 3, which shows the coordina-
tion that the two policy makers will view it as in their interest to
undertake, under each combination of models., The first two entries in
each cell indicate the change, relative to the Nash equilibrium, which
they can agree to make in the money supply and government expenditure,
respectively, in order to maximize the product of the two perceived
gains in welfare. The next two lines indicate the effects that the two

agents perceive such a package of policy changes'will have on the target

17Only 12/36 combinations exhibit technical instability (most of
them models in which the monetary authority is acting on the basis of
either the MCM of VAR models). Another 5/36, though technically stable,
require more than 20 iterations to converge.
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Table 2:

MONCODFERATIVE NASH EQUILIBRIUN

MODEL SUBSCRIEED TO

MODEL SURSCRIBED TO BY CEMTRAL BANK

EY FISCAL AUTHORITY ——————=—= - —-— - ——
rCH EFA LIVPOOL VAR OECD LINK
MCH
NASH POINT: STABRLE? YES YES YES YES YES YES
STERS 39 g9 a = 4 =
‘NASH CHANGE IN POLICY
M S6. 44 8e7. O -115. 34 7.58 2. 46 -1.22
G -3. 00 -136.06 13. 33 -0, 34 -0, 10 0. 51
‘PERCEIVED CHANGE IN TARBETS
CR: Y 4.97 18. 22 3. 43 5. 67 1. 84 1. 328
cA 2.68 g2.32 5,92 0.24 -0, 43 -0. 1%
FAa: Y 4,97 £5. =7 -8. 46 1.195 0.75 0. 46
- cAa 2. 68 41,00 -3. 87 Q.25 -, 01 -0, 19
PERCEIVED GAIN FOR:
CE 0. 7275 —-226.2441 2. 2383 0. 3251 -0, 0328 0, 0331
FA 0. 72875 -134.1217 -5. 973 0. 1852 0. GEEO -0, 0273
jogutal _
NASH FPOINT: STRELE? YES YES YES YES YES YES
STEPS 15 i9 & 3 = 3
NASH CHANGE IN POLICY .
M e 83,41 70.84 -87.25 8.77 14,66 28,05
G -7.56 -3, 38 8.68 —-2. 41 -3.09 -4, 41
PERCEIVED CHANGE IN TRARBETS
CE: Y 4,90 4.97 3.2 5.65 2.51 1,239
cA 2. 49 4,39 5. 54 0. 30 0. 3= —-0. 37
FA: Y 2. 16 4,97 11,43 -1.47 -0, 86 0, T
A 3. 41 54,29 -3.65 1.17 1.47 LT
PERCEIVED GAIN FOR: .
Ch 0. 7251 1.4811 Z. 4054 O 2475 O, 3111 -0, 0151
FA 1.3370 - 1.4811 -5, 4353 0. 4151 0. G076 0. 39260
LIVPOOL
NASH FOINT: STRBLE? ND NO YES YES YES YES
STEPS 33 39 11 4 12 99
NASH CHANGE IN POLICY
M —-2E92, 08 ~276. 47 -85, 12 12. 54 75. 41 731,08
G =11.19 48,493 12,25 -3. 27 -=1.83 -152.85
PERCEIVED CHANGE IN TARGETS
CR: Y -54. 01 ~1.12 4.9 .59 5. 61 -1, 00
cA ~163. 74 -22. 36 s.72 0.51 .99 -2, 53
Fa: Y 241,31 2. 18 4,97 -5, 25 -11.21 ~T7T3.43
tA 124, OO0 14.31 5.72 0, &2 -2, 32& ~23. 42
DPERCEIVED GAIN FOR:
CK —-1892., 2482 -46, SSE0 2., 4328 0.4137 0, 8098 ~1.6637
FA —-1497,. 7557 ~5. 4740 2.4398 —0. 3490 -4, 5377 -181.8102

=25




Table 2 (continued)

VAR
NASH POINT: STABLE? - NO NGO ND YES NO NO
‘STEFS 39 59 33 23 39 339
NASH CHANGE IN FOLICY
M 4,73 5. 13 256.33 F2.95 .07 S. 34
G 2.0% 1,48 ~-37.71 -86. 85 -0, 3L ~-0. 08
PERCEIVED CHANGE IN TARBETS
CE: ¥ E. 82 Z. 82 -21.81 4. 37 2. 04 1. 36
cha -3 97 -, 75 4,52 273 -0, 20 -, 21
Fa: v 441 A 4. E6 4,37 Ge 43 4,43
cA 0. 12 0. 14 1.30 2.75 0.13 0.13
PERCEIVED GARIN FOR: ‘ , _
CE G. 0078 -0, 2385 -4, 8265 0. 7528 0. 0773 0. 0205
FA 0, 2882 0. 23946 00,6108 0.752 0.3124 0.3101
DECD
NASH PQINT: STABLE? NO - NO YES YES YES ND
STEPRS 33 93 14 4 ] 39
NASH CHANBE IN FOLICY
M -50. 69 -29, 85 -190.71 9. 25 EQ. 01 -33.72
G 12.87 7.19 51,04 «3.50 -17.30 a.25
PERCEIVED CHANGE IN TARGETS
CE: Y 2.58 3.281 26. 05 S. B4 4,97 1.43
cA C—d, OB -3. 44 E.66 0,33 3. 06 -0, 08
FA: Y ~5. 12 -4,03 -20. 14 -0, 10 4,97 -4, 42
ca -1.35 -i.01 -8.29% 0.77 3. 06 ~-1.18
PERCEIVED GAIN FOR:
CR -2.3836 -2, 5568 -2. 0E2e 0.3583 0. 8746 0. 0890
FA -2, 0373 —-1.0444 =14.06440 0., 2643 0. 8746 -1.2135
L. INK 7
NASH POINT: STRELE? NO NO YES YES YES YES
STERS 39 39 3 3 3 33
NARSH CHANGE IN FOLICY
M -104,61 ~-18.35 -143, 05 7.65 1.63 -1101.33
G 23, 46 T 40 31.356 -0. 21 1. 086 E33.71
FERCEIVED CHANGE IN TARGETS
Ck: Y 1.38 3. 40 15.54 g.87 i1.380 4,37
cCA ~7. 44 -2.60 &.19 Q.24 -0, 47 3. 324
FA: Y 2. 00 1.74 2. 11 1. 66 1.68 4,37
ca 0. 11 -0.17 0.23 -0, 26 -0, 24 3.34
PERCEIVED GAIN FOR:
CEk -6.2719 -1.7294 1.3078 0. 3267 -0, OS5 0. 9933
FA 0. 2059 0. 0648 D.ZESH 0.0186 0. 0292 ©.9933

* 99 INDICATES MORE THAN =0

STEPS REQUIRED
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Table 3: The Movement from the Non~cooperative Solution to the Cooperative Solution
' NASH EQUILIRRIUM AND COORDINATION

MODEL SUESCRIBED TO
RY FISCAL AUTHORITY -

MODEL SURSCRIBED TO BY CENTRAL EBANK

MCM EFRA LIVFOQL VAR QOECD L INHK
MCM
- HARGAINING CHANGE IN POLICY
M 0. 00 -7€85.71 30. 23 1.1& 35. 29 G, 33
, 5 0. 00 126, 43 -8.,13 -0, 74 -7.80Q 0,15
PERCEIVED CHANGE IN TARGETS
Ch: Y Q.00 -14,. 75 -4, 12 0.857 .57 O, 26
cA Q. Q0 -58. 35 -1.086 Q.08 0. 33 -0, 04
FR: Y Q. 00 =-53. 54 -3, 30 -, 30 -,78 0. 27
e~ 0. 00 -38. 186 =.83 0.29 2.53 =0, 07
FERCEIVED GAIN FOR:
CEB Q. QOG0 2. 2770 0. 0015 Q. QOO0 0. 0041 Q. Q000
=] . 0000 1.3484 0. 0171 Q. 0001 0.0041 . 0001
EFA
RARGAINING CHANGE IN POLICY
44 4,01 0. 00 2. 00 i.2& =23.71 Q. 24
G -3, 73 0. 00 0.81 -0.83 -5.01 0.15
FERCEIVED CHANGE IN TARBGETS
CE: Y Q.18 Q. QO 0.54 0. 58 .97 Q.2
ca Q.23 Q.00 -0, 31 0,05 0. 95 =0, 04
FA: Y -0, 05 0. 0Q 1.99 -1.03 ~1a41 0. 36
CAR Q. 34 0, 00 -0, 45 Q.42 .28 -0, 08
PERCEIVED BAIN FOR:
CR Q. 0000 Q. OQOO0 G. QOO1 Q. Q000 Q. 0022 o I T L
FA Q. 0003 0. 0000 O, D012 0. Q002 Q. 0034 Q. 000
LIVEDQOL
BARGAINING CHANGE IN POLICY
M 2558. S0 203.76 Q. 00 -0, 43 -20. 80 =1017.3&
G -Z05. 17 -41, 86 Q.00 -1.03 B9 zl4. 84
FERCEIVED CHRNGE IN TRRBETS
CB: Y 5Q. 14 -B. 24 G, Q0O -0.74 =1. 410 2. a7
Ch 1E2. 36 19.77 0. 00 -, 00 -1.17 .23
Fa: Y -23%9. 14 -19.87 Q. 00 -0, 63 ] 103, 47
cAa —-122. 22 -3, 35 O, 00 Q. 22 0. G0 45,12
FERCEIVED GAIN FOR: :
Cr 18.9109 0. 4280 Q, (OO O SO0 1, QO0E O. 014
FA 14,3907 0.0772 0, QOO0 O. O00E 0.0158 1.54G63
VAR
BARGAINING CHANGE IN POLICY
M .85 4,78 Q.70 Q. GO S. 14 D, 30
G -2, 39 -5. 10 S B 0. 00 -4, DO 0. 13
CERCEIVED CHANGE IN TARGETS
CR: Y -32. 76 -7 =24 .23 0, 00 -3. 3% 0. 30
CA 1. 14 .62 0. 15 0. 00 L. 320 —0. O
FA: Y 1.73 t.54 O 70 Q.00 1.39 3. 30
Cqa 0. 16 .21 0. 02 G, Q0 .22 GO, 01
FERCEIVED GAIN FOR:
CE Q. 0018 0. QOES O. D013 0, 000 O, OO0 0, QOO0
Ffa 000004 D, DOO0E 0. QOG0 G, D000 O, 0006 0. OC00
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Table 3 (continued)

oECD . . ... - T
EARGAINING CHANGE IN FOLICY
M 88..31 67.9% 140, 74 1.94 (e OO 0. 31
G ~20. 08 -15.87 -42, 80 -1.358 Q. 00 0.17 -
PERCEIVED CHANBE IN TARGETS .
CB: Y -3.03 ‘—6. 24 -z2. 16 0. 82 0. Q0 0, 28
cA 6.72 7.5t -4, Q4 .08 0. 00 -0, 04
FA: Y 13.83 9.96 2.21 -0.97 0. 00 0. 31
cA 2.55 2.04 7.38 0. 47 0. 00 -0, 08
PERCEIVED GAIN FOR: _
CE 0. 0280 0. 0339 0. 0385 0. QOO1 0. 0O0OQ 0. QOO0
FA 0. 0246 0.0163 0. 1165 0. QOO 0., OO0 0. 0001
LINK
“ARGAINING CHANGE IN ROLICY
M -0. 66 -~0. 78 -l E4 0, 00 ~0.74 O, OO
G -0.08 -0.09 -0.08 0. 00 -0. 06 0, 00
FERCEIVED CHANGE IN TARGETS
CB: Y -0. 40 -0.37 -0, 06 0. 00 -0, 36 Q. Q0
cA 0.05 0. 08 0.07 0. 00 L 0.086 0. 00
FA: Y -0.2 -0. 29 -0, 8 Q. G0 -0, 26 0, 00
cA 0. 04 0. 04 0. 04 0. 00 0. 04 Q.00
PERCEIVED GRIN FOR: ‘
CB 0. 0004 0. 0004 0. 0001 0. OO0 Q. QOO0 0. Q000
FAa 3. Q000 0. OOOO Q. QOO0 Q. HOOO Q. QOOO 0. QOO0

* 39 INDICATES MﬁRE THAN 20 STEPS REQUIRED
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Table 4:

TRUE GRINS FROM COORDINATION

SURSCRIEED TO

-29-

MODEL MODEL SURSCRIEED TO BY CENTRAL EANK
BY FISCAL AUTHORITY —— P, — - —
MCM EPFA LIVEOOL VAR | QECD LINHK
MCM
MODEL REPRESENTING RERALITY:
MCHM Q. 0000 1,3484 0.0171 0. 0001 O, 041 0. 0001
ERA G, 0000 2.2770 0. 0US46 0.00135 0.0113 -0, 0003
LIVFOOL Q. 0000 2. 0802 Q. Q001S =0, 0001 -, Q190 -0. 0004
VAR D.0000 - 31.7657 0, 2946 0, 0000 -0, 0284 0. Q003
CQECD 0. QOO0 Se 1227 G, Q235 . Q08 0. 0041 -0, 0001
LINK Q. QD00 Q. 2490 -0, Q041 -0, QOOO -0, Q007 O, 0000
EFA
MODEL REPRESENTING REALITY:
mCmMm Q. 0000 Q. 000Q Q. 0077 -0. 0011 Q. 0009 0., Q003
EFPA 0, ODO3 Q. Q000 0.0012 0. D002 0.0034 Q. Q001
LIVRPOOL -0, DO3C G. QOO0 Q. 0001 -0, QO0E -0, 0137 —-, G004
VAR -0.0180 Q. 0000 0, 0245 0. 0000 -3. 03281 -0, Q00a
QECD -0, Q011 Q. 0000 . Q031 o, Qo4 0, QORE -0, 0003
ILINK =0 OQ02 Q. 0000 0. 0042 -, QO0O4 -3, Q004 O, 0000
LIVFOOL
MODEL. REFRESENTING REALITY:
MCH 18.3105 0, 028 Q. GOOG =0, 0031 Q. 0248 1.1951
EPA 41, Q267 0. 4280 O OO0 ~0. O07E 0. 03EE 2.575S
LIVEOOL 14,2907 0.0772 Q. QOO0 Q. 0002 Q. 0158 1. 5467
VAR 309. 68328 Ze S20T7 0. OQO0 0. QOO0 0. 0343 :
0OECD 4. 6334 0. 3501 . QOO0 -3, QOE92 0, QQ0E z 3
LIMNK 0. 2288 Q. D048 Q. QOO0 - =g, Q032 0, 0045 Q. 0ZL4
VAR
MODEL REFRESENTING REALITY:
mMCMm 0,0018 -0, 00328 Q. 0172 O, DOOO0 -0, 0081 Q. 0001
EPA T 0.0076 0. 002 C. 0167 Q. Q000 -0, GOOL -0, 0003
L IVEOOL Q. 0003 Q. 001z 0. 0013 Q. QOO0 . 0001 -0, OO04L
VAR 0. D004 Q. Q006 . Q000 Q. DOOO O QOO0 0. 0000
QECD Q, G035 Q. 0041 Q0. 0073 . QOO0 Q. QOO0 -0, QOO2
LINK 0, Q003 -0.0014 Q. D0ES Q. 0000 =0, QO30 0L D000
QECD
MODEL REFPRESENTING REALITY:
MCH 0. Q=80 0.0116 0. 2626 —=0. Q036 0, QOO0 =0, O02
EFQR G, 0599 Q. D333 0.3784 —-0, 0016 O, Q000 -0, 0009
LIVEODL -0, D352 =0, G307 0, 0383 =0, 0003 O, D000 =0, QOOZ
VAR 0,113 0. 0283 1.35194 Q0. 0001 Q, OO0 0. 0017
aECD O, 0248 Q0. Q163 0u.1165 0, QOOE O, QOO0 O OO0 ]
LIMK -0, 0015 -3, 0017 Q.0101 -0, Q014 . CHOCHD G, QOO0
CLLINK
MODEL RERRESENTING REARLITY:
MM 0, OQ04 -, QOO Q. QO05 Cr. QOO0 ~p, OCHDE G, GOOO
EFRA 0,001 0. Q04 O, 00L& 0. OOO0 O, 0001 1, OOO0D
LIVEFQOL 0. QOO 0. QOOS O, 0001 0, QOO0 0, QO05 O, QOO0
VAR -, 0081 -0, D021 -0, 0104 Q. QOO0 =0, Q0T 0. 0000
CECD - 0010 -0, QDO 0. 0013 Q. QOO0 O, OO00 0, QOO0
LINK G, QO0DO O, GO0 Q. 0000 G, QOO0 Q. OO0 0, QOO0




variables; they can be obtained by taking the product of the change in
policy settings and the multipliers reported in Table 1. The last two
lines in each cell indicate how much the central bank and fiscal author-
ity, respectively, thinks that the country has to gain in terms of the
welfare function (equation (3)) by the movement of the policy-settings
in the indicated direction. If the poliéy makers happen to believe the
same model (the diagonal cells), then there is no séope for coordi-
nation. This is a consequence of our ruling out conflicting welfare
functions; each thinks that the country is at the optimum.

Otherwise, there will be scope for coordination. Consider the
example where the central bank subscribes to the MCM model and the fis-
cal authority to the OECD model. Each perceives that they can accomplish
relatively large welfare gains by an alteration of the mix in favor of
more expansionary monetary policy and more restrictive government spend-
ing. This is the kind of coordinatian that has been suggested frequently
for the United States in the 1980s; the Nash non-cooperative solution
consists of monetary policy that is too tight and fiscal policy that is
too loose, resulting in too high a level of interest rates, value of the
dollar, and size of the trade deficit. It shows up in 15 cases in Table
3. But all other combinaﬁibns appear as well. Coordination could call
for contractionary monetary policy and expansionary fiscal policy (3
cases, 2 of them cases where the fiscal aﬁthority subscribes to the
Liverpool model), or expansion on both fronts (6 cases, all of them
cases where the monetary authority subsecribes to the Liverpool or LINK
models), or contraction on both fronts (5 cases, most of them cases

where the fiscal authority subscribes to the LINK model).
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To find out whether a given plan for policy coordination raises
welfare in truth, rather than only in the perceptions of the policy
makers, we would have to know the true model. This we cannot do. But
we can get an ldea of the range of possibilities by judging it by the
standard of each of the other models in the ZBrookings simulations. The
36 cells in Table 4 correspond to the same 6 x 6 combinations of sub-
scribed~to models as in Table 3. Each gives the true welfare gains,
under 6 possible models ofrreality.

Consider againm the example where the central bank subscribes to
the MCM and the fiscal authority to the OECD model. If either the MCM
or QOECD models coincides with the true model, then there will neces-
sarily be a true welfare gain, equal to .0280 or .0246, respectively,
just as the central bank or fiscal authority, respectively, thought
there would be., (Take the square roots to get welfare units expressed
in terms of percentage points of output,) It turns out that if the true
model happens to be the EPA or VAR model, then there will also be a
welfare gain. But if the true model is the Liverpool or LINK model,
then there will be a welfare loss. The coordination plan moves policy
settings in the wrong direction, and everyone would have been better off
staying with the Nash competitive equilibrium., One can see why by con-
sulting Tables 5~8, which give the actual effects on the target vari-
ables. The reason the central bank and fiscal authority agreed to the
change in the policy mix, when the former believed the MCM and latter
the OECD model, is that beth thought it would improve the current
account. But we see in Table 8 that such a change, according the the

Liverpool of LINK models, in fact worsens the current account. This
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TRUE DEVIATION QF

Y FROM

TARGET

FOR US

MODEL SURSERIEBED TO
BY FISCAL AUTHORITY

Table 5:

MODEL. SURSCRIBED TO BY CENTRAL BANK

MCM EFPA LIVEOOL VAR OECD LINK
MCM -
MODEL REPRESENTING RERLITY:
MCIv Q. QOO0 0. 7128 -16.7217 -4.7164 —4,3369 =4.1153
EPA -1, 9073 -1.4930 -10.0438 =3.7777 -3.6204% -2.583%4
LIVEFOOL -8. 2416 —=8. 4320 Q. 3354 —3.0423 =-8.0487 -3. 8808
VAR 34, 1267 3?.5387 -63. 3532 . 2698 20.62&2 =3. DOZO
OECD 8.87239 3. 3423 -23. 7382 —-2.35804 E. 4863 -3. 8251
LINK -0.581% -0, 1063 -11.7360 =3.7257 -3.3127 -3. 32530
EPA
MODEL RERPRESENTING REALITY:
MCM 0. 1146 2. 8462 -21.3645 -8.3678 -6.&783 —4. 2402
EPA -1.852% 0. 0000 -14.4107 =7.4841 =7.283co —4,2853
LIVEOOL -8, 3017 —-8. 7232 -1.1943 -6,453 -8. 8608 ~&. 509
VAR - 34,8074 44, 3613 -65. 07392 1.2619 &0.S9%965 13.1571
OECD 8.321039 12,8728 -28.5881 -4.4366& 1.3048 0. 3437
LINK -0, 5031 1.3139 -14,8245 =-£.2933 ~S.0338 -3Z. 4083
LIVPOOL
MODEL REFRESENTING REALITY:
MM —-8. 8435 -—20.2104 -20,7404 —-21.1082 —-14.6037 -=. 87635
ERA -5, 3872 —14.32T4 ~13.8871 —-13.44284 —-15.6035 13.3371
LIVROOL -2. 1334 —2. EE45 -3, 0Q00 —10.8451 -12,3277 5. 0673
VAR -27. 8120 —-02. 4570 =-71.3160 =0,1141 23.&68644 -194,3638
OECD —-12. 09968 -24,7141 -23,.8%317 —-11.7987 ~D.S646 =51.6288
LINK ~Ge 4772 —14.0551 -14.4085 —-14,63386 -10,3187 -2. 4391
VAR
- MODEL REFRESENTING REALITY:
MC -4.3133 -5, 35370 —&3. 0e87—-143. 1262 —11. 38408& -4,0377
EPQ -3.35593 ~-8. 32343 -50Q0. 3321-138. 8241 ~10.6102 -3, 02390
LIVROOL -5. 1002 -£. 7680 -26,. 43908 ~-SS5. 6022 ~7.58548 —-4,5880
VAR 1.1738 0. 3901 0. 3962 Q. Q000 1. 3504 -0, 2471
O£CD —-2. 43940 —-T. 1034 ~35.13282 -79.3878 -&.2637 -2, 4062
LINK -3. 8370 —~&.3333 —&42. FENE —-95.9990 8. 4538 -3.3133
OECD
MODEL REPRESENTING REALITY:
MCM -2. 4155 —7. 35070 =10, 4545 —11. 4362 -15, 1223 -3.39277
EPA —-E, DD30 —B, H07Z =5, 0178 «=10, 24830 —16, 4493 -0, 7307
LIVEQDL -8. 1846 -8.2151 -1.088% -7.5471 -132.6635 -0, SEEE
VAR 20, 2738 20, S5 =~33. 132% 1.4235  33.1360 -—-328.8433
QECD 2. 148z O.2511 -15. 8323 -6.03az Gy 000 -3, U7&E0
L INK -4, 1218 -5. 38&2 ~7.32510 —-3.2190 =10, 7097 S 2000
LINK
MODEL REFRESENTING REALITY:
MCin —-3. 3851 -4 4057 —-3. 7385 —4.0885 —4.4434 0, 3722
EFA Se 3872 -1.9463 T. 3447 -3.1268 -3,1016 E1.&8807
LIvieaol &. 6012 - 0328 1D, 3048 -4, 7261 =-a4,170& LO7. 8338
VAR -74.,.5886 -17,3391 -100, 1328 O.&962 —-3.8835 ~7I7.932%
QECD -21.3881 =7 0207 -=27.8361 -2,1533 -3Z.53244 -1238.6813
LINK -Z. 2382 -Z. 35108 ~-3.1138 -3.3071 -3.5478 0. D000
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Table H

TRUE DEVIATION OF CA FROM TARGET FOR US

MODEL SUBSCRIBED TO
By FISCAL AUTHORITY

MODEL SURSCRIBED TO BY CENTRAL BRANK

~33-

MCiM EPA LIVPOOL VAR QECD L INK
MCM
MODEL REFRESENTING REALITY:
MCM 0. 0000 0. 1651 S, 7120 -8, 1420 -0.0840  -2.3369
EFPA -0.5357  -0.3207 -9,7174 =-3.333& -0.9795 -5.0837
LIVFPOOL -3.0121  -3.30&8 -0, 8578 —G6.3553 -7.6628 -5.9744
VAR -0, 89306+ =-0.7312 -5,5423 -2.46352 -1.4817  —-2.7933
OECD -3.1406 -3.1773 -2.8723 -3.2364 —-2.5410 -3,5€83
LINK —4.1431 -4.22361 -2,0%962 -3.5376 =-3.6181 -3.5576
=l
MODEL REFRESENTING REALITY:
MCM 0. G400 0.3133 -4,63€5 -1,1530 0.3351 -1.0509
EFRA ~0.5319 -0, 0000 -8.3848 -2.63938 -0.4326 —-2.3314
LIVPOOL -9.0686 -9.9557 -0. 3901 -6.0303 ~-7.5131 -7.8129
VAR -0.8583 -0, 4253 -5.5146 -2.3958 -1.4524 —-1.8730
CECD -3.1482 ~-3.3%84 ~1.9416 —2.4322 -2.1908 -2.3448
LINK -4, 1578  —4,4S60 -1.6718 =3.1899 -3.4E662 -3.6456
LIVFOOL
MODEL REPRESENTING REALITY:
MM —4,0499  =3,6446 -5.453 1.92%1  3.2979 -E2.6456
EPA -6.9138 -6.887& —3.5409  1.1611  3.4702 -332.6138
LIVFOOL -4,0077 -1.3554 0. 0000 ~4.8794 —7.4750 €. DT
VAR -3.8537 -4.8977 -5.8512 -2.2356 -0.84%2 -18.°
OECD -2.3310 -1.7675 -2,2837 0.1413 =0.2367 -~id
LINK ~-3.0060 -1.8450 -1.8329 -2.0508 ~2.8000 @ ~&, 4000
VAR -
MODEL REFRESENTING REALITY:
MCM -2, 1011 =0.3317 12. 8985 33.2964 -0.3113 -2.4558
EFPA -3.8897  ~2.4204 14,9796 40,6707 =1.6319  -4.364&
LIVPOOL -6.3321  -5.3300 -1.32380 S.3305 -3.7635 -6.3031
VAR -2. 4664  ~2.3918 ~1.4338 -0.0000 -2.3315 -2.553c
DECD -3.1984  -2.2387 9. 0274 E5.6317 -1.7524  -3.4155
LINK -3.5193 =3.1003 1.7804  B8.965% -2.8978 -3.83s58
DECD
MODEL REFRESENTING REALITY:
MCM -0, 0120 0.5143 ~4,7316 -0.387%  3.8089  -5.193%
EPA —0.B8811  -0,2203 -8.0704 —1.7247  4.1746  -8.3316
LIVFOOL -7.6i03  ~7.426E6 —-3.0%34 ~S.08037 -7.8643  -~4.5081
VAR ~1. 4887  -1.4540 ~4, 4025 -—2.3308 -0.6631  —3.8305
DECD -2, 4618 -2, 0286 ~3.3669 ~1.8213 -0.0000  ~4,3193
LINK -3.5790  -3.3895 -2, 7986 ~2.9303 ~2.7661  -3.4S68
CLINK
MODEL REFRESENTING REALITY:
MCHM ~10, 0710 =4, 1468 -12. 7286 -2.3618 -2.7372 -79.0Q3%4
EFA —~15.4161  —&.83493 —19. 2659 -4.2274 —4.7903 —115. 2088
LIVFPOOL ~1, 2015 -5.0845 0.5410 —6.3687 -E€.0223 44, 0083
VAR ~6.3117  -3.4341 -7.6074 =-2.S0S6 -2.7308 -33,9298
QOECD -5.8838 -3.3216 -6.7638 ~3.3864 -3.4618 -28,7198
LINK -3.1883  -3. 4835 —3.0660 -3.591& =-3.S335  0.0000




Table 7:

BEARGAINING DEVIATION QF Y

FROM MASH FOR US

MODEL SURSCRIBED TO
ay FISCAL AUTHORITY

MODEL SURSBCRIEED TD!BY CEMTRAL. BANK

-

LIveodL

MM EFA VAR OECD LINK

MCM "

MODEL REFRESENTING REALITY:

MCM 0. %00 —-59. 5353 ~-3,3018 -0.8855 -0,7763 0. 3322
EPA Q. 0000 =14.7324 -4, 7TSS7 —0.9084 2 —-2.8306 O, 3527
LIVFOGCL 0. QOO0 ° S6. 72586 4, 1237 -0.4141 =32.7379 0, 0981
VAR 0. Q00O =523, 7030 19, 4213 0n.5781  23. 4302 G, 3050
CECD 0. 0000 ~167.1317 3.1471 -0, 3456 5.5703 e 29T
LINK 0. 0000 -=3%9.6306 -2, 2010 =0.53970 -0.517% D. 215
EPA
MODEL REFRESENTING REALITY:
MCM 0. 1820 0. QOO0 2. 2172 =-1.0387 -0.1331 0. 4006
EPA -0, 04353 Q. Q000 i.9856 =-1.0471 =1.4033 0. 3598
LIVPROGL = 3402 Q. 0000 0.5388 -—0.4683 -2.4182 0. 0932
VAR 2. 7129 0. Q00O 1.8277 0,502 15.77358 0. 3173
OECD 0. 7960 Q, QO0GC 1.68371 ~{l, 4262 . 9888 G. 3038
LINK 0.1313 Q. 00O 1.4788 -0.€325% -0.0887 O.2671

LIVPOOL

MODEL REPRESENTING REALITY:
meM 50, 1388 3. 3076 Q. GO0 —-2.0165 3. 5z&8 S.2102
EPA -31.2320 -8, 2383 0.0000 =1,8812 4, 4340 &0, OES7
LIVEOOL -39, 1370 ~19.8738 0. 0000 —0.62391 3.2947 103, 4688
VAR 1716.8073 140.3773 0. 0000 —-0.7352 —13.0870 -€77,.0362
OECD 46T7.7173 37.8553 0.0000 =1,3059 =1.4013 ~170.8&083
LINK 33. 4259 2.2031 Q. 0000 —1.3444 2. 3485 2. 4732

VAR .

#ODEL REFRESENTING REALITY: )

HMCH =Z.7E3E —-7. 3951 1,081 0. 0000 —6.9008 O. 4447
EPR ~3. 7628 ~7 2433 0.3708 Q. 0000 ~-6.73239 O. 4040
LIVFOOL ~i.E6396 -2. 9431 0. 2859 Q. 0000 =-2,8143 0.118S
VAR 1.7315 1.5433 0, 7045 Q. 0000 1.3933 0.2972
OECD -1.6417 =-3. 7025 Q. 7724 G.OO00 -3, 3330 Q. 3227
LINK -2, 5088 -4, 3301 O, 7120 . 0000 —4, 600F 0. 2966

OECD

MODEL REFMRESENTING REALITY:

) MCH =3. 0297 —-2. 7101 -24, 2653 ~-2. 1239 QL QOO0 O, 4210
EFRG —7. 5446 -G. 2426 =30.5411 -2.1107 Q. 0000 0., 3307
LIVROOL -3, 8404 ~7. 708 22, 1684 -0, 020 0, GO0 O, 1091
VAR 58. 1269 44, 7276 as. 4228 0. 8225 by DOHIO 0.30173
OEED 13. 2340 3. 3576 9.%125 -0, 9660 0, QOGO 0. 3106
LINK —-=.0138 -1, 3057 16,1773 -1.4157 G, CHIE00 . SR0E

LINK

MODEL REPRESENTING REAQLITY:

MCM -0, 3385 -0, 428 0. 3828 D, 0000 ~0, 2579 O 00
EFS -0, 2403 —(r, 372 —, 3278 QL0000 ~a, 32E09 O Q000
LIVROOL =0, DEES -0, DT = DES0 DL 0000 =0, 0557 G, GO0
VAR -, 53518 -0, 37382 -0, 5114 Q, 000y -0, 75T 0, QOO0
QECD —-3, 3571 -0, 3859 -0, 2437 G, QOO =0, IGET 0O, QOO0
LINK -0, 2856 -0, 2208 -0, 2338 0. 0000 -0, 3386

o L ki S S et S e e e e e

————— g
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Table 8:

RARGAINING DEVIATION OF CA FROM NASH FOR U3

MODEL SUESCRIBED TO MODEL SUBRSCRIBED TO BY CENTRAL RANK

BY FISCAL AUTHORITY -—-— —— - ——— —_—— -

MCM EFRA LIVFOOL VAR . QECD LINK

MCM

MODEL REFRESENTING REALITY:

- MCM 0. 0000 =38.158¢ 2. 83093 0. 2885 2. 2903 -0, QE37
EFA Q. 0000 =58, 352 3. 3471 3. 3746 3. 722 -0, 0817
LIVROOL Q. 0000 41,0302 —~1.0375 QL0361 —1.35452 -0, OS540
VAR 0. 0000 . -23, 382& 1. 0420 0. 0453 1. 1984 0. ROBZ
OECD 0, Q000 -4, 7922 1, 3285 0, 2059 0. 332 -, 0719
LINK 0. 0000 8.z2388 0, 1219 D.0777  =0.0372 -0, 0371

EPA

MODEL REFRESENTING REALITY:

MCM Q. 2302 Q. OO00 =, SR83E Q. 3264 1. 6446 -0, 0705
EFA 0. 3432 0. DOOO -0, 4487 0. 432 2.3813 -0, 0825
LIVPCOL -0, 2013 Q. QOO0 -0, 3125 . Q. 0474 —-1.0737 -, 05858
VAR 0.13328 Q. QOO 0. 03513 0, 0484 0. 7238 G, 0087
QeCD 0. 0312 Q. QOO0 -, 4030 0. 2361 0. 5468 -0, 07322
LINK -0,0313 Q. QOO0 -0, 2102 0. 0306 —0,0742 -0, 0373
LIVEOOL
MODEL REFRESENTING REALITY:
MCMm ie2. 3616 13. 4937 G, 0000 Q. 4432 -2.2411 ~70,43505
ERPA =228. 28219 19. 7ES4 0, QOO0 0. 5437 —-3.07399 —-103,0373
LIVEOOL -122.2898 -3. B4E2 0 QOO0 0. 2204 O, 8033 46, 122°
VAR 8S. 8539 7. 0450 QL0000 =0.0003 —0.7253 =-34,.317°
OECD 46, Q028 3.9338 0. Q000 Q0. 3370 —1.1863 -23. 3604
LINK ’ -13.9147 —-1.0673 0. 0000 0. 1861 —-0,2485 . 2320
VaR
MODEL REFPRESENTING REALITY:
MCM 1.1438 2. 0580 -Q. 3026 Q. COO0D i.3€&6& —~D. 0840
EPA 1. 4748 2. 622 -0. 2413 Q. OO0 C. 3142 —-0. 0933
LIVRFOOL 0. 19739 Q. S1&7 -0, 1384 Q. D000 O.4511 -0, 0873
VAR 0. 1563 0, 2132 . 0161 O, OO0 D,.32218 Q. Q0E3
BECD Q. 8430 1.5934 —-0. 13399 €, QOO0 1.5037 -0,.0831
LLINK 0. 3303 0. 5332 —0. 103 OL D000 [ S R -0, 0418

QECD

MODEL REPRESENTING REALITY:
mCM &.7131 Se el 15. 2EE6 . 6297 Q. QOO -0, 0774
EFA 3. EO64 RIS Z0. 95l 0. 3052 Q. 00 —-0, D91LS
LIVECOL -3.7471 —2. 347 -4.0377 . 1223 Q. 0000 -0, 0582
VAR =. 9965 2. 3103 4,.2133 e 0004 Ge QOO0 O, GOTE
QECD Z. 3472 oL 0374 7.3773 Dl 4708 O, o000 0, D780

... LINK -0, 0447 O. 000 1.707& 0. 1872 0. U000 -0, 0397

LINK

MODEL REFRESENTING REALITY:
mCH . 0481 Q, 0531 Q. G4HES Q. 0000 G, 4008 Cr, G0
EPA O, 0501 Q, 0355 O 0484 O G000 Ul 63a0 1 Q. G000
LIVFOOL Q. 0701 G, Q7RG 0. 0875 O, 0000 Q. O0T7ES 0. 0000
VAR -0, 0136 -0, 0213 -0, 0188 G, QOO0 —0, 0221 Q. QOO0
QECD Q. 0e37 o, 0721 O, QESS QL G000 QL DEEO Q. 0000
LINK 0.0387 C. 0435 Q. 037 0. OG00 G.aZezs Q. 0000

——————————— T e —_——— e ———
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conclusion is probably less alarming for those who are not fans of
either of these two models, than for those who are. But such readers
should recognize the possibility thatr the fiscal authority will
subscribe to, say, the Liverpocl model and the central bank to-the VAR
m&del; then the coordination plan (monetary and fiscal contraction) will
again worsen welfare as judged by the other four models,

0f course the proper strategy, if the true model could be
discovered, would be simply for both policy makers to optimize subject
to ir, The point here is that one cannot, under conditions where policy
makers subscribe to different models, make the blanket pronouncement
that coordination must improve welfare.

Of the 216 (= 63) possible combinations in Table 4, 180 (= 216 -
63) involve disagreement between the policymakers, and therefore
bargaining. Of the 180, welfare is improved by bargaining in 105 cases
and worsened in 54 cases. (In 21 cases the effect is not perceptible:
zero to four decimal places.) However in 60 (= 2 x 6 & 5) of these
cases, 6ne agency or the other has the true model, so that a non-
negative welfare change is guaranteed. Of the 120 (= 6 x 53 x 4) cases
where the agencies' models differ not only from each other but alsoc from
the true model, welfare is perceptibly improved in 61 and worsened in 54.

When all 11 available models are used (the Taylor model reports
no results for the current account) there are 1331 (= 113) possible
combinations. Of the 1210 (= 1331 - 112) that involve disagreement and
bargaining, welfare is pgrceptibly improved in 728 cases and worsened in
390 cases. Of the 990 (= 11 x 10 x 9) cases where three distinct models

are involved, welfare is perceptibly improved in 556 cases and worsened
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in 390 cases. As a sensitivity analysis with respect to targets, we
tried redoing the analysis with a target level of GNP assumed to be 25
percent above the baseline, When all 1l models are used, 5359 of the
cases involving 3 distinct models show perceptible welfare gains from
bargaining and 291 show losses. We also tried a target level of GNP
assumed to be 5 percent below the baseline; 512 of the cases involving 3
distinct models show welfare gains and 280 show losses.lsIt may not be a
coincidence that coordination does, after all, preduce welfare gains in
a majority of cases. A convex combination of two sets of
parameter estimates—even such a strange nonlinear "convex combination”
as comes out of the coordination mathematics—-may be closer to the true
answer, and on average closer to any third set of parameter estimates,
than either individually. But to the extent there are possible gains
from coordination of this type, it might be more advantageous for the
agencies to realize them by bargaining over the correct model rather

than over the policies,

4, Extensions

Quite a number of extensions have been left for future research,
even after Ehe same issues that have been Investigated here for domestic
policy making are repeated for international policy making. We could
try different objective functions. For the exercises where the policy
makers are viewed as taking turns in real time, we could use the more
complete time profile of multiplier effects reported in the Brookings

simulation. We could compare the results of two possible kinds of

18We also tried putting equal weights on the two targets. Of the
eases involving 3 distinct models, 461 show gains and 328 show losses.

_37_




cooperation among policy makers: the Nash bargaining solution versus
maximization of joint welfare based on a model with parameter values
determined by averaging the estimates of the two.

More ambitious modeling is possible. We could study the Nash
equilibrium in which the policy-maker is uncertain which model is cor-
rect, or 1s uncertain which model the other player believes in. We
could study a Stackelberg equilibrium in which the U.S. policy makers
are able to choose thelr preferred point on the other countries'
reaction curve. It would be interesting to compare a nalve Stackelberg
equilibrium in which the U.S. authority assumes that the others' actions
are based on the same model as its own, versus, the "ratiomal expec-
tations” Stackelberg equilibrium in.which the U.S5. authorities realize
that the foreign governments will react on the basis of their own model,
even though that model is different from the model that the U.S. author-
ities themselves believe to be correct. Other possibilities include
having the policy makers update their parameter estimates each period to
reflect new information in & Bayesian manner, evaluating institutional
arrangements like fixed exchange rates that might substitute for
coordination, and applying game theory concepts of repeated games and

precommitment .
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