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1 Introduction

Over the past ten to fifteen years, OECD governments have taken enormous
strides in mitigating the “commitment” problem in monetary policy and, as
a result, world-wide inflation rates have dropped dramatically. Nowadays,
academic discussions of optimal monetary policy increasingly focus on old-
fashioned stabilization considerations, rather than anti-inflation credibility.*
The international dimensions of monetary stabilization, however, have largely
been ignored. Is it a problem that countries design their rule-based domestic
monetary institutions unilaterally, ignoring international spillover effects?
Is it possible that the current system produces, say, excessive attention to
inflation stabilization and inadequate attention to output stabilization, when
viewed from a global perspective?

We are not the first to address this question. Persson and Tabellini (1995,
2000) have shown how, in principle, international cooperation in designing
domestic fiscal and monetary policy institutions can lead to improved global
outcomes, even absent any binding international agreements. They them-
selves emphasize, however, that the ad hoc Keynesian framework they use
for studying monetary policy is far less satisfactory than the more rigorous
framework they employ for fiscal policy (see Persson and Tabellini 1995, p.
1976). As Corsetti and Pesenti (2000) note, the recent advent of “new open
economy macroeconomics” offers the promise of being able to address this
deficiency, and analyze strategic issues in monetary cooperation with the
same level of rigor that is already routine in the evaluation of fiscal policy.
This paper aims to begin to fulfill that promise.

We find that once one models the microfoundations of the wage setting
process and national welfare, it becomes apparent that the gains to cooper-
ation in the setting of international monetary rules may quite possibly be
of the second order. The basic intuition relies on an envelope condition.
In special cases where the cooperative policy rules turn out to mimic the
flexible-wage allocation then, in our model, individual countries have noth-
ing to gain by defecting to another domestic policy rule. In more general
cases, where the cooperatively set rules balance the need to offset multiple
distortions (including sticky nominal wages and inefficient international risk
sharing), the welfare gains from international cooperation still turn out to
be exceedingly small in comparison with the gains to stabilization policy, at

1See, for example, Svensson (2000) and the references therein.



least for what we view as a broad range of plausible parameters.

Our results are important because, as both Persson and Tabellini (1995)
and Drazen (2000) emphasize, the kinds of institutional reform that might
alleviate international as well as domestic monetary policy credibility prob-
lems appear to be a good deal more fragile than those needed to deal with
domestic credibility reforms alone. Although it is true that Jensen (2000)
has developed an arguably more plausible implementation strategy than in
the original Persson and Tabellini (1995) formulation, our paper still throws
open the question of whether the gains to cooperative rule setting are likely
to be quantitatively significant. In a world where the question of interna-
tional monetary reform continues to be actively debated at the highest policy
levels, the issue would certainly seem to be an important one.

Sections 2 through 4 develop a generalization of the new open economy
macroeconomics models of Obstfeld and Rogoff (1998, 2000), extended to
incorporate the case of incomplete risk sharing. In sections 5 and 6, we
explore the relationship between the cooperative and non-cooperative rule
setting games, and section 7 discusses the relationship of our work to the
previous literature. Section 8 concludes.

2 A Two-Country Sticky-Wage Model

In this section, we extend the two-country model of Obstfeld and Rogoff
(2000), adapted to allow us to focus on several aspects of international policy
coordination. Given that the model itself is not our main focus, and that
its various building blocks are all relatively familiar, we will only present the
essential features. The reader should especially note that whereas nominal
wages are set optimally one period in advance in the model, firms can set
prices flexibly. Admittedly, the model abstracts from realistic features such as
overlapping long-term nominal contracts, but it has the advantage of yielding
tractable closed form solutions that greatly facilitate our analysis of policy
coordination.

2.1 Country size and market structure

The world economy consists of two equally-sized countries, Home and For-
eign. Firms produce differentiated goods out of differentiated labor inputs
indexed by [0, 1]. Home produces differentiated tradable goods on the inter-



val [0, 1], while Foreign’s tradables are indexed by (1,2]. In addition, each
country produces an array of differentiated nontraded goods indexed by [0, 1].

2.2 Firms

Let Y (i) denote output of differentiated good i and L(i,j) the demand for
labor input 7 by producer i. Home traded goods production is given by

$—1
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Home nontraded goods production is identical with Yy (i) and Ly(i,7) re-

placing Y, (¢) and Ly(i,7) in the above expression. The Foreign production

functions are also identical (with the same substitution elasticity ¢) except

that Foreign-produced tradables, denoted Y; (i), are indexed by i € (1,2]. As

our analysis focuses on a single contracting period, we omit time subscripts.
As usual, firm i’s demand for labor of type j is

1i.g) = |22 v, )

where W (j) is the nominal wage of worker j and W is the exact production-

based index of wages, W = [fol W(j)l_d’dj} =3

2.3 Individual preferences

A Home individual of type ¢ maximizes the expected value of

(Cz’)l—p Mi K

U' = 1=, —I—Xlogp—j(L), (3)

where p > 0 is the (constant) coefficient of relative risk aversion and
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and v > 1. In (3), K is a random shift in the marginal disutility of work
effort that can be interpreted as a (negative) country-wide Home productivity



shock.? The Foreign productivity shock, K*, is distributed symmetrically,
though not necessarily independently. The aggregate money supplies, M and
M*, are the other exogenous random variables that impinge on the economy.

In Obstfeld and Rogoff (2000) we focused on the case of log consumption
preferences (p = 1), but here we generalize to an arbitrary positive p.

For any person i the overall real consumption index C' is given by C =
CPCY " /47 (1—~)'7, where preferences over Home and Foreign traded goods
are given by C, = 20&/ 2C’Fl/ 2, Foreign preferences are identical. The con-
sumption subindexes for Cy, Cr, and Cy are constant elasticity aggregates
[analogous to (1)] with identical elasticity 6.

Domestic-currency price indexes for Cy, Ck, and Cy are isomorphic to
the wage index given just after eq. (2), with the consumption substitution
elasticity 0 in place of ¢. The domestic-currency price index for overall real
consumption 1C’ i:? P = PYP!™", and the price index for tradable consumption
C;is P, = P2P?.

Isomorphic to the labor demand eq. (2) are the Home and Foreign con-
sumer demands for individual goods, which depend on relative price with a
constant elasticity 6; e.g., Home demand for a typical Home tradable h is

2

i = |

Given the assumed unit elasticity of substitution between Home and Foreign
goods, and between traded and nontraded goods, we have: C,, = %(PH /P Cy,
Ce = 3(Pe/P:)'Cr, Cp = v(P;/P)'C, and Cy = (1 — v)(P/P)'C. The
first-order condition governing money demand is:

Mi
P

=x(C9". (4)

2.4 Asset markets and budget constraints

The only internationally traded asset is a real bond indexed to the compos-
ite traded good C-;. Thus, domestic firms are entirely domestically owned.
We choose not to resort to the popular contrivance of assuming complete

2One can think of L as denoting efficiency labor rather than hours worked H, with
H = KYL. Our analysis does not allow for sectoral domestic productivity shocks but
that simplification is not essential.



Arrow-Debreu contracts internationally since, in general, the presence of such
contracts would significantly complicate interpretation of our later strategic
results.®> Also, as we have argued elsewhere (Obstfeld and Rogoff 1995), the
marriage of complete contracts and sticky prices into the same model is an
uneasy one. In any event, when p = 1, our economy will turn out to mimic
one with complete asset markets.

Given our assumed asset market structure, a Home individual faces the
intertemporal budget constraint

M'+ PC" = M} + PT + W (i)L* +/01 [T (5) + My (5)] dj. (5)

Here, PT denotes per capita nominal transfers from the Home government,
while II,; and IIy denote dividend (profit) payments by firms. Finally, the
government issues money in lump-sum transfers, so that PT = M — M.

3 Equilibrium Price and Wage Setting

We assume that workers set nominal wages a period in advance and, ex post,
supply the amount of labor that firms demand at the posted nominal wage.
The fact that wages are set optimally in response to the government’s choice
of monetary rule will turn out to be quite important for our later discussion
of policy coordination, so we begin by exploring the wage decision.

3.1 Optimal wage setting

Use the individual’s budget constraint (5) to eliminate C* in expected utility
EU", then substitute for labor supply using eq. (2). One derives the first-
order condition for the optimal preset nominal wage W (i):

o)y

3For complete nominal contract models, see Bergin and Feenstra (2000) or Chari, Ke-
hoe, and McGrattan (1998). If one were to introduce Arrow-Debreu contracts into the
strategic setting we are about to explore, it would be necessary to assume that they are
indexed to all conceivable changes in the monetary regime; otherwise changes in mone-
tary policy rules could reallocate wealth across countries, and agents would wish to insure
against such events.




Absent uncertainty, eq. (6) would simply give the marginal utility of the real
wage as a fixed markup ¢/(¢ — 1) over the marginal disutility of labor.

3.2 Price setting, the real exchange rate, and the terms
of trade

As we have already emphasized, monopolistic firms can freely change their
products’ prices. However, with constant and identical elasticities of demand
at home and abroad, price markups over cost turn out to be the same in both
countries, so that, for example,

Py=(35)W =¢€P;. (7)

In particular, allowing international price discrimination would not affect the
results in this model.

The relative price of imports moves with the exchange rate, however, so
both the real exchange and the terms of trade can still vary. Observe that

(8)

epr PRI rew\TY
real exchange rate = =— :( ) )

P pypt w
P* *
terms of trade = SPHF = SS// . (9)

3.3 Output market clearing

Because of unit demand elasticities and the budget constraints P,C, = P,Y}
and EP;CY = P.CY = PrYp, one can easily show that, in all states of nature,

Cy=C".

Of course, only the traded goods component of consumption has to be equal
across countries; the overall consumption indexes C' and C* need not move
together. However, if we measure Home spending in units of tradables as

Py
Z = CT + (E) CN:

then, because Py/P; = (1 —v)Cy/~Cy,
Z=Cufy=Cify=2" (10)

6



Equality of the tradables-denominated spending levels Z and Z* will be help-
ful in solving the model.

For the subsequent analysis, it is important to observe that for the log
consumption case (p = 1), utility is separable in tradables and nontradables.
Thus, when C; = C7 ex post, we have perfect international sharing of con-
sumption risks in tradable goods. When p # 1, however, eq. (3) implies that
the marginal utility of tradables consumption depends on consumption of
nontradables. Thus, C; = C} no longer guarantees internationally equality
of the marginal utility of tradables, as efficient risk sharing would require.

3.4 FEquilibrium preset wages and market equilibrium

In preparation for solving the model, we now substitute the market equi-
librium output and pricing conditions into the wage equations (6). Recall
the budget constraint PC' = PB,Y, + PyYy = P.Z and the price markup
equations of the form of eq. (7). Also, note that, due to symmetry, eq. (1)
implies that in the aggregate, L =Y}, + Y. We thus obtain:

v—(1—p)(1—7)
2

_ $0 E{K¢gv?zv}
(W*) C(p-1)(O-1) E {53_21—p2§1—wz Zl_p}' (11)

Combining eq. (11) with its Foreign analog yields:

( - )V—(l—v)(l—p) E{Ke 2y B{e- )
= (12)

w  E{K*€-v27}E ==l

Equations (11) and (12) govern the simultaneous determination of wages,
expected expenditure, and the expected exchange rate.

4 A Closed-Form Solution

We now solve the model by assuming that the exogenous shocks {m, m*, k, k*}
are jointly normally distributed, where lower case letters denote (natural)
logs so that, e.g., m = log M. We first express the wage setting equations in
terms of logs and covariances of logs of the endogenous variables. Later we
will write all covariances of endogenous variables in terms of the covariance
matrix of exogenous productivity shocks..

7



4.1 FExpected relative wages and global spending: Quasi
reduced-form solutions

A central implication of our modeling approach is that uncertainty has an
impact on the expected levels of consumption, output, and the terms of trade
through its effect on ex ante wage setting. We first derive these relations.

4.1.1 Representation of productivity disturbances in terms of “dif-
ference” and “world” shocks

Though it is not critical to our central message here, it greatly simplifies
matters to assume that the Home and Foreign log productivity shocks have
identical means and variances, so that Ex = Ex* and 02 = ¢2.. We can then
conveniently define the “world” and “difference” productivity shocks as:
K+ K" _ K—K"
Ry = , Rg = 5 .

2

Note that because x and x* have identical variances, Cov(ky, kq) = 0 and

ol =02 + O'zd. Given the linear-quadratic nature of our setup, the orthogo-

K = Y Rw

nality of the redefined shocks will later facilitate the separate study of policy
rules governing the responses to global and idiosyncratic shocks.

4.1.2 Solutions for mean world spending and terms of trade

Taking logs of eq. (12), we obtain
Er = Ee+w" —w= W (V=1 =71 -p)o..
+ VOu,e + 2v0,,. ), (13)

where 7 denotes the (log) terms of trade £ P’/P,—making the log real ex-
change rate (1 — ) 7. Combining eq. (13) with eq. (11) (in log form), we
solve for the expected log of consumption spending measured in tradables,

Bz = 04 {w + A = g0 — [ — (1 - p)?)o?

— 5l = (L =)’ (1 = p)’o? — vOu,s — 50kue}» (14)



where w and A\ are constants that depend on the moments of x and x*.*
Recall from eq. (10) that Z = Z*, so that Ez = Ez*.

4.1.3 Discussion of the expected spending and terms of trade so-
lutions

In contrast to the ad hoc linear-quadratic formulations used in standard
monetary coordination models of the 1980s and 1990s (see Canzoneri and
Henderson 1991), changes in the monetary policy rule affect mean wages and
prices here, not only their variances. We cannot overemphasize the impor-
tance of this result. For example, eq. (13) implies that a higher covariance
Ow,e Detween the world disutility of labor shock k,, and the exchange rate e
(a covariance that can be influenced by monetary rules) discourages planned
Home labor effort (relative to Foreign’s) because relative world demand for
Home goods will turn out to be unexpectedly high precisely when the world
marginal disutility of effort is unexpectedly high. As a consequence, Home
workers will raise their preset wages (compared to Foreign’s) in an attempt
to reduce their relatively higher expected disutility from working.

These kind of effects are simply absent in the earlier certainty equivalent
models of monetary policy coordination, but they are central to our analysis
here. The potential incentives for countries to manipulate their monetary
rules to raise domestic expected welfare at the expense of foreigners depend
in large measure on the responses of wage setters. For example, a country
can use its monetary policy rule to try to manipulate selfishly the (average
values of the) real exchange rate and terms of trade.

Some of the effects in egs. (13) and (14) are of indefinite sign and depend
on the size of p, the coefficient of risk aversion.” When p = 1, a ceteris
paribus rise in the variance of the log consumption measured in tradables,
o2, will cause workers throughout the world to set higher wages, thereby

4Specifically,

where
(I—pyw[1-2v—-0-y1-p)] ,

v—1-plrv—1-na-p)

5See also Obstfeld and Rogoff (1998).




feeding back into a lower value for Ez. This is also the case for p < 1, but if
p is sufficiently above 1, the effect may be reversed. The depressing effect of
o2 on Ez is declining in p. Indeed, it undergoes a sign change at p = 1 + v.

This potential sign reversal comes from the role in egs. (11) and (12) of
the random variable Z!'~*, which is proportional to the marginal consumption
utility from lowering the wage. For p < 1, Z'~* is a strictly concave function
of Z, while for p > 1, it is strictly convex. Since a rise in the variance of
Z therefore lowers E{Z' 7?7} for p < 1 but raises it for p > 1, we see that
the variance increase (all other things equal) must reduce world output and
spending by more than in the log case when p < 1, but by less when p > 1.
A similar point applies to the ambiguous effect of exchange rate variance, o2,
due to the presence of the random variable £177 in eqgs. (11) and (12).

4.2 FEx post spending and the ex post exchange rate

As a final step in expressing the variances of the endogenous variables in
terms of the exogenous variables, we solve the sticky wage model for

1 1 logxy 1 0
= — ) — — ") — — —log | —— 1
z 2p(m+m) 2p(w+w) p pOg(Q—l)’ (15)

mom (1)1 =) (w—w)
p(L—7)+7 p(L =)+~ '
Because w and w* are predetermined, eqs. (15) and (16) fully describe the
effects on z and e of unanticipated shocks. Once we specify monetary rules

for m and m*, we will therefore be able to present an exact reduced-form
solution to the model.

(16)

e =

4.3 Solving explicitly for expected utility

In studying policy rules, we will look at their welfare implications in the
limiting case as x — 0 in eq. (3). The justification is that expenditure on
money services is small relative to that on other goods. [When p = 1, the
solution we present below is exact, even for positive x. Observe that eq. (4),

6To solve for z, take logs of the money Euler eq. (4) and its Foreign counterpart,
assuming that x = x*. Then average the two, applying the definitions of the price indexes,
the markup equations for prices, and the equality C' = P Z/P. The exchange rate equation
is derived by a similar calculation in differences.

10



implies that, in equilibrium, yC' = M/P. So in evaluating welfare, we can
simply replace the term log C' 4 x log % by (1+ x)logC']
4.3.1 Expected utility when p =1

When p = 1, the utility derived from consumption is simply log(C') and a
Home resident’s expected utility (as x — 0) takes the form

EU = Ez + <1_TV> O Gl ,%; mi) (17)

Foreign expected utility is given by
EU* =EU — (1 — v)Er. (18)

Equations (17) and (18) show that while expected consumption measured in
tradables, Ez, is a common component of Home and Foreign utility, the real
exchange rate (proportional to the terms of trade) is a potential source of
conflict. Utilities can be expressed exclusively in terms of Ez and E7 only in
the log case; additional factors enter when p # 1, as we now show.

4.3.2 Expected utility when p # 1

As x — 0 in the case p # 1, we evaluate expected utility by calculating’

cr K_, vph—(1—p)(p—1)(6—1) 1, [(EW®
E{l—p_jL}:[ v$0(1—p) :|E Z W

where

Y

1—;721—7 }

E{le <5{I//II//*>£1;‘7§1_—72} B E{exp [(1 _/i)i_; %2(1—7)7_]}

"The wage eq. (6) as well as the equalities in the preceding footnote, show that

E{%L”} _@-16-1) Zgg — 1)E{01*P}.

Thus,

vpd — (1 —p)(¢ —1)(6 — 1) -
vpd(1 = p) i)

B~ |

11



— 1ipexp{(1—p)Ez+ (1_/))2(1_7)

N (1—p)2(1—7)20_§+ (1—7);1—;))20_26}' (19)

8

The expression for Foreign expected utility, which is proportional to
E{C*17*} /(1 - p), subtracts the terms ET and .. above rather than adding
them, but otherwise is the same. Equation (19) shows that the expected
terms of trade, E7, provides a potential source of international conflict, just
as in the p = 1 case; see eq. (17). An internationally asymmetric welfare
distribution might also be induced by the covariance o,. between world de-
mand and the exchange rate, independently of the influence that covariance
exerts already through the expected terms of trade; see eq. (13).

5 Policy Coordination: Globally Efficient Pre-
commitment to Monetary Rules

Per our discussion in the introduction, we restrict our attention to comparing
policy rules, so that the monetary authorities cannot try to use inflation sur-
prises to raise employment and output systematically from their suboptimal
monopoly levels towards their competitive levels. Similarly, they cannot at-
tempt to manipulate the terms of trade ex post through monetary surprises.
Instead, before economic activity takes place, monetary authorities choose
feedback rules that they are committed to obey thereafter. Under these rules,
money supplies are functions of the productivity shocks K and K*, which
the authorities observe and respond to after wages are set.

In sticky wage or price models with additional distortions, it need not be
the case in general that optimal monetary policy aims simply to mimic the
flexible-wage equilibrium. The reason is that the multiple distortions (in the
present setup, including wage stickiness, monopoly, and the possible failure of
international consumption risk sharing) can interact. Nevertheless, it turns
out that for the particular stylized structure we have assumed, the optimal
solution to the global cooperation problem indeed replicates the flexible-wage
solution in a number of important cases, as we shall now demonstrate.

12



5.1 Optimal cooperation and the flex-wage allocation

If policymakers could cooperate in choosing their domestic monetary policy
rules, then with equal weights on national welfares, they would maximize

EV = jEU* + {EU. (20)

To accomplish this, they would maximize over the coefficients in monetary
policy feedback rules of the form

A

m = —6dl%d—6wl%w, (21)

Wt = §5kg — 6% R, (22)

where carets over variables denote innovations, e.g., m = m—Em. (Given the
loglinear structure of the model, it is plausible to guess that optimal monetary
rules will be loglinear too. Of course, Ex,, = Ex = Ex*, so Exg; = 0.)

5.1.1 Expected utilities under flexible and sticky wages

As a first step in understanding cooperation and conflict in the choice of
domestic policy rules, we calculate the flexible- and sticky-wage levels of
utility in Home and Foreign.

Under flexible wages monetary policy is irrelevant and the level of ex-
pected utility, denoted by a tilde, is

EU = % {log {(‘b_ %9_ 1)] _ - %9_ b _ Em} —EU*  (23)

when p = 1, where we have imposed Ex = Ex* and 02 = ¢2.. For p # 1,

vl — (1 —p)(¢ —1)(0 — 1)} exp { (1 - pw
vdd(1 — p) v—(1-p)

where the constant w is defined in footnote 4.

Expected Home utility under sticky wages can be written in terms of the
flex-wage expected utility levels given above and the economic uncertainties
caused by wage rigidity. Using eqgs. (13) and (14) to substitute for E7 and
Ez in egs. (17) and (19), one calculates that for p # 1

E(?:Ef]*:{ } (24)

BU = (B ) exp [(1 ~ p)2(p)], (25)

13



where Q(p) is defined (for any p > 0) as the sum of two terms,

Q(p) = Qu(p) + Qalp),

such that
v A
Qulp) = — o2 4o ) —F——
TR )
_30.2 _ [V — (1 B 7)2(1 - p)] %Ug + V0, + %Unde
2" v—(1-p)
and

(1—=7) ([vv—=(1=p)]0se +VOx,e + 200,
fulp) = = { (1)) }

For p = 1, the expression corresponding to eq. (25) is
EU = EU + Q(1).

For Foreign,
BU* = (ET) exp (1 - p)2"(p)]

when p # 1, and when p = 1, EU = EU + Q*(1), where

2% (p) = Qu(p) — Qalp).

(26)

(27)

Obviously, Q,(p) is a symmetric component of world utility that affects
Home and Foreign welfare equally. For example, a rise in the variance of
world spending (02) or in that of the exchange rate (02) has symmetrical

negative expected utility effects upon Home and Foreign.

The term Q4(p) is an asymmetric utility component that affects Home
and Foreign in opposite ways. For example, a rise in o, hurts Home because
it becomes more likely that demand for Home output will be unexpectedly
high when there is an unexpectedly high global aversion to effort. But that

same change represents a commensurate benefit to Foreign.®

8Observe that whereas EU = EU* when Ex = Ex* and 02 = o2., EU still need not

equal EU™ if monetary policies are asymmetric.
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5.1.2 Multiple distortions and the efficiency of the flexible-wage
equilibrium

Is it efficient (from an ex ate standpoint) to have monetary policy rules aim to
mimic the flexible-wage equilibrium, as in 1980s style of rational-expectations
monetary models? In general, the answer is not trivial, as we have noted,
since wage stickiness is not the only distortion here. In this subsection we
establish a sufficient condition under which optimal cooperative choice of the
policy rules (21) and (22) results in the flexible-wage allocation ex post.’

Proposition 1 If the flexible-wage allocation is constrained Pareto efficient
(subject to the comstraint that labor supplies are at monopolistic levels), a
global monetary policy rule that gives the same real allocation as under flexible
wages 1s efficient.

Proof:  (Sketch). There are two main elements of the proof. First, we
observe that monetary policy reaction functions (21) and (22) with

1—7)+7
6,fleq: _ 6*fleq: _ p( g 7 29
T ) 2
65}81 _ 6:<Uflez _ 4 7 30
, == 7) (30)

indeed replicate the flexible-wage equilibrium, so such a policy is always fea-
sible in this model.!’ Second, we note that the parameters § and ¢ governing
the monopoly distortion terms in (25) and (28) affect only the identical ad-
ditive or multiplicative constant EU, but not any of the elements of Q(p).
Thus one can offer subsidies to production and employment that eliminate
the monopoly distortions in the goods and labor markets (in both countries)
while affecting only EU but not the relevant gap between EU and EU. With
optimal subsidies in place, the flexible-wage equilibrium is clearly first-best
efficient (in terms of expected utilities) under the assumption in the proposi-
tion: all distortions have been eliminated. Since the subsidies affect only EU
in (25) and (28), it therefore follows that even in their absence, one cannot
Pareto-improve upon replicating the flexible-wage equilibrium ex post. Bl

9The proposition strengthens and generalizes the log-case (p = 1) result proved in
Obstfeld and Rogoff (2000).
Verification is left to the reader. (See also appendix 2.)
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Under the assumptions of Proposition 1, targeting the flexible-wage allo-
cation is also the optimal cooperative policy given the assumed 50-50 weights
on country utility in the planner objective function (20). The reason is that
EU = EU*; see eq. (24). Later, however, we will see that Proposition 1 gives
a sufficient condition for optimality regardless of the weights in (20).

5.2 Optimal cooperation

The proposition just proved allows a quick but partial characterization of
optimal policies. When all productivity shocks are world shocks (that is,
kg = 0), or when p = 1, the sharing of tradable consumption risks is efficient
and there is no global distortion to the flexible-wage equilibrium other than
the ones caused by monopoly (which enter separably). In these latter cases,
therefore, we would expect optimal cooperative policies to target the flex-
wage allocation. More generally, however, international risk sharing may not
be efficient and economic distortions (other than our particular specification
of monopoly power) may interact with the sticky-wage distortion to dictate
ex post deviations from the flexible-wage allocation.!'!

To better understand the general case, we now solve explicitly for the
efficient policy rules.

5.2.1 The cooperative objective function

Equations (17), (18), and (20) show that when p = 1, the objective to be
maximized through policy cooperation is simply

EV = %EU* + %EU = Ez + constant.

When p # 1, expected utility is given for the two countries by eq. (19)
and its Foreign analog. Differentiating eq. (20) with respect to any policy-
rule parameter §, and noting that E{C'?} = E{C*'"*} in a symmetric
equilibrium, the planner’s first order conditions can be written as

d {Ez + (15")02 + (1—17)(81—7)2 03}
dé

The statement assumes that 0 < v < 1, so that there are some nontradable goods
(v < 1) and also some tradable consumption risks to be shared (y > 0).

= 0. (31)
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By this logic, we see that for any value of p, one can derive the optimal
cooperative monetary policy rules by assuming that policymakers seek

_ 1-p) o (A=p-9)7,
max EV max{Ez+ o+ g}

2 z 8 e

w
= max{ Py g + Qw(p)} (32)
over the parameters in their linear monetary policy feedback rules. (Recall
again that w is the constant defined in footnote 4.)

The two countries place opposite weights on the expected real exchange
rate and on the covariance o, between world spending and the exchange
rate. These two factors thus disappear at the global level. This need not
imply, of course, that monetary authorities try to fix the nominal exchange
rate, unless the Home and Foreign productivity shocks happen to be perfectly
correlated.

5.2.2 Cooperative solution

To find the cooperative monetary policy, which maximizes (32), we need to
consider ex post values of z and e so as to calculate the covariances in ,,(p)
as functions of the monetary policy parameters; recall eq. (26). Expressions
(15) and (16) show that rules having the form of (21) and (22) imply

~ (611_62) ~ (61”—{—(5:(”) ~
Z == Rqg — R,
2p 2p

. { ba+ 06y } { buw — 0y, }
e=—|———| Rg— | ——————| FAuw-
p(L =)+~ p(1—=7)+v
Appendix 1 uses these expressions to write the covariances in €2,,(p) in terms
of the ¢ policy parameters.
The next step is to solve the four first-order conditions given by eq. (31)
coop

for the cooperatively optimal parameters 677, 6,7, 65 %, and 6,;°F. By
symmetry, 677 = 6577 and 65,°P = 657°F, where (again, see appendix 1)

coop p(l — 7) +
K ETE) .
6Z?Op - ﬁ (34)
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Observe that due to the symmetry of the model, purely symmetric shocks
can be handled by adjustments in world spending z alone, whereas purely
idiosyncratic shocks can be handled by adjustments of the exchange rate
e alone. The rule above represents an optimal symmetrical tradeoff be-
tween stabilization—a more aggressive procyclical response to the produc-
tivity shocks raises world utility—and variability in world spending and the
exchange rate, both of which lower world utility, see (26), and are greater
the more procyclical are the monetary policy rules.

Comparing the globally optimal rules in egs. (33) and (34) with the ones
that achieve the flexible-wage allocation, egs. (29) and (30), we see first that
when p = 1, it is always optimal to target the flexible-wage equilibrium.
That result is expected in light of Proposition 1.

Generalizing to values of p other than 1, it remains true that 6;," =
6£lew—that is, in response to a symmetric, global productivity shock, globally
optimal policy rules should seek to return the world economy to its flex-wage
equilibrium. However, §<° = 67" when p # 1 only in two polar situations—
when v =0 and v = 1.

Proposition 1 no longer applies in general when p # 1 because, as we have
already observed, consumption of nontradables then will affect the marginal
utility of tradable goods consumption, possibly rendering inefficient the in-
ternational pooling of risks to tradable goods consumption. In the special
case where all shocks to productivity are global, however, risk sharing s effi-
cient, provided that national monetary authorities also react symmetrically.
Proposition 1 would still apply then, which explains why §%% = /.

The same logic explains why 6% = §/'* when 4 = 0 or 1. In those
extreme cases, either all goods are tradable (in which case international con-
sumption risk sharing is perfect) or there are no tradables (in which case there
are no consumption risks that countries can share). Thus, the reasoning in
Proposition 1 applies once more.

When p # 1 but 0 < v < 1, though, the cooperative equilibrium re-
flects the general principle of the second-best, according to which it could
be desirable to refrain from eliminating the sticky-wage distortion in order
to mitigate the risk-sharing distortion. In such cases, according to egs. (29)
and (33), 65 < 61/ when p < 1 but 65 > 67" when p > 1. Thus, for
p < 1, exchange-rate fluctuations are dampened relative to a flexible-wage
rule, but they are relatively accentuated when p > 1.

To understand the difference between 6’ and 6/'* when risk sharing in
tradables is imperfect, note first that by eq. (19), one can write countries’
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ex post marginal utilities of tradables as

(1—p)(1—)

* 2
Home marginal utility of tradables = Z7° (S;I// ) )

—(1-p)(1—y)
2

EW*
Foreign marginal utility of tradables = Z7° ( W )

Thus, ex post international marginal utility gaps result exclusively from ex-
change rate movements (which affect national outputs of nontradables differ-
entially). When there is a positive shock to kg4, a fall in £ (a Home currency
appreciation and a Foreign depreciation) is required to replicate the flexible-
wage equilibrium. In the case p < 1, Home’s marginal utility of tradables is
consequently below Foreign’s at the flexible-wage allocation, as the preceding
equations show. In a world of complete asset markets, Home would make a
payment of tradables to Foreign in such states of nature. That is impossible
here. However, a reduction in the extent to which &£ falls works very much
like a transfer of tradables because, as a result, Home residents work harder
and produce more of their traded products, Foreign residents work less and
produce fewer of their traded products, and more Foreign goods are shipped
to Home in exchange for fewer Home goods.

The logic is symmetric for p > 1. In that case, were asset markets com-
plete, a positive kg would call for a transfer of tradables from Foreign to
Home at the flex-wage allocation. Instead, the cooperative equilibrium calls
for a sharper fall in £ than does the flex-wage equilibrium. This induces
Home residents to produce fewer of their exports and Foreign residents more
of theirs than under flexible wages.'?

6 Noncooperative Choice of Policy Rules

In designing their monetary rules and institutions, countries seldom ask what
impact domestic institutional changes will have on welfare abroad. Since, as
we have seen, monetary rules can affect the expected real exchange rate—and
the expected real exchange rate affects ex ante welfare—recall eqs. (17) and

2Notice that when p > 1, the ex post international gap in the marginal utility of trad-
ables actually is larger at the cooperative equilibrium than at the flex-wage equilibrium.
However, the marginal cost of moving further from the flex-wage equilibrium is also higher.
Thus, on balance, there is no net expected gain from further increasing the coefficient ;.
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(19)—the question naturally arises as to whether an environment in which
nations cooperate in setting rules might lead to a much superior outcome.
Can the rules needed to achieve the cooperative equilibrium ever be imple-
mented without a binding global monetary compact?

Having paid the setup costs of laying out our model in detail, we find it
relatively easy to answer this question. We show in this section that when the
optimal cooperative policy rules target the flexible-wage equilibrium ex post,
those rules are also Nash equilibrium rules. Remarkably, the same rules that
maximize global welfare then also maximize the individual welfare of Home
and Foreign. When the best cooperative rules do not mimic the flexible-wage
equilibrium, however, they are not Nash equilibrium rules in our model. A
corollary of this result is that countries’ responses to global, internationally
symmetric, shocks do not raise problems of coordination; only asymmetric
shocks may be problematic.

6.1 Nash equilibrium wn policy rules

Differentiation of eq. (19) for EU shows that in the Nash case, the first-order
conditions for Home’s problem are the same as those for the problem

(1=p) o, (1=p)(1- 7)°

8 e T 2 2

J/ (.

max Ez +
61176“1 N 2

(1 —7)ET+ (1-7)(1 —p)g

ze

J/

global component country-specific component

given ¢ and 0,,. Foreign’s effective objective function is simply the global
component above less the country-specific component.’® In terms of our
notation in eqs. (26) and (27), we can pose Home’s problem equivalently as

w

max ——— + Q,(p) + Qa(p) :
64,6w R vV — (1 - p) . ~ ~ < (35)
global component country-specific component

130bserve that Home’s “effective” objective function, given immediately above, can be

expressed as
1y
EW™\ 2 P (1-7)
logE{Z<W> }2Var{z+ 5 T (>

that is, as the log of expected real consumption, EC| less a risk premium proportional to
the coefficient of risk aversion p and the variance of log real consumption.
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*COOp

Starting at the cooperative equilibrium, a small move of 6, away from
6", say, has no first-order impact on the global component of Home ex-
pected utility because that term is maximized by a global planner; recall eq.
(31). Yet, given the Foreign policy rule, Home might still wish to change its
own rule, reaping a net domestic gain by shifting the utility-relevant terms
E7r and o,. in its favor while lowering the global component of welfare by
less. In that case, of course, Foreign would lose more than Home gains, and,
starting at the cooperative equilibrium, Foreign would face a symmetrical
incentive to make a “beggar-thy-neighbor” change in its policy rule.

The Nash equilibrium, like the cooperative one, is symmetric, so
sxNash and gNosh — §xNesh - Going beyond this observation, our next result
tells us that there is no individual incentive for countries to defect from
the cooperative equilibrium when that equilibrium mimics the flexible-wage
equilibrium ex post.

Nash __
0" =

Proposition 2 In the Nash monetary policy rule setting equilibrium, 65 ash

657 =64 when p =1, and 6,°" = 5 = 81" for any p > 0.

Proof. See appendix 1, where it is shown by direct calculation that

6flex
1+ (1- ”Y)&im

83" = [p(1 =) +7] i
d

== 1=+ A== (1= 9=

Nash p
o g (37)
Setting p = 1 in eq. (36) and comparing the result with egs. (33) and (29)
for p = 1 proves the first part of the proposition, while comparison of eq.
(37) with egs. (34) and (30) establishes the second part. B

Proposition 2 shows that when the flexible-wage equilibrium is constrained-
efficient with respect to the monopoly distortions, Home doesn’t gain by uni-
laterally moving its policy rule away from cooperation. Constrained efficiency
always holds when p = 1, and it holds for any p > 0 when all shocks are
symmetric. Thus the cooperative equilibrium—when it mimics the flexible-
wage equilibrium—is also the Nash equilibrium of the rule-setting game. But
notice that our result actually is stronger than this. In fact, the proposition
states that Home never gains from changing its response to symmetric shocks
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even when asymmetric shocks can occur and p # 1. This “separability” prop-
erty follows from the basic linear-quadratic nature of our model, coupled with
the orthogonality of the “world” and “difference” shocks.

Regarding the Nash response to idiosyncratic shocks, we have

Proposition 3 In the Nash monetary policy rule setting equilibrium, 62%1 >
SR > 6% when p < 1 and 67 < 67" < 65 when p > 1.

Proof. Left to the reader. B

The proof of Proposition 2 in appendix 1 confirms our earlier claim that
under the assumptions of Proposition 1, it is optimal for a global planner to
target the flexible-wage equilibrium regardless of the country welfare weights
in the objective function (20). Thus, we have:

Corollary 4 If the flexible-wage allocation is constrained Pareto efficient, a
global monetary policy that gives the same real allocation as under flexible
wages is optimal even for a supranational planner who favors one country
over the other. B

6.2 Discussion of Propositions 2 and 3

Proposition 2 reports the Nash response to asymmetric shocks, and Proposi-
tion 3 shows that it lies between the cooperative and flexible-wage response
coefficients. When p < 1, countries respond more aggressively to idiosyn-
cratic shocks than is globally efficient—and as a result, exchange rate vari-
ability is excessive relative to the benchmark of optimal cooperation. When
p > 1, however (more likely the relevant case empirically), the Nash equilib-
rium actually produces more stable exchange rates than does cooperation.

Why? The covariance o, is bigger the more activist is Home’s monetary
policy. As equation (27) shows, this has a negative effect on Home. High
0. implies that world demand is high precisely when the exchange rate is
shifting demand toward Home workers. At relatively high values of p, the
domestically beneficial reduction in o,. due to reduced monetary activism
dominates the domestic harm due to the concomitant rise in oy, ., imply-
ing that, left to its own devices, Home would choose a monetary rule that
stabilizes the exchange rate more than under cooperation.

By changing its rule to reduce o,., Home inflicts a direct beggar-thy-
neighbor loss on Foreign, of course. But at the same time €2,,(p) (a shared,
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global component of welfare) declines because o, . rises; see eq. (26). This
last effect hurts both countries, which have a common interest in seeing
the Home currency relatively appreciated (and the Foreign currency, there-
fore, relatively depreciated) when Home productivity is relatively high (and,
therefore, Foreign productivity relatively low).

While the result of Proposition 3 is not surprising in view of the type
of coordination failure stressed in the earlier policy cooperation literature,
Proposition 2’s conclusion that the Nash and cooperative equilibria of the
rule-setting game can coincide contrasts sharply with that literature. After
all, much of the older coordination literature dealt with the consequences of
noncooperative (ex post) responses to common (that is, symmetric) shocks.
Here, the response to such common shocks resulting from cooperative choice
of rules always is the same as that resulting from noncooperative choice (and
the responses to any shocks are the same when p = 1). In our setting, the
need for a global monetary authority to ensure that countries pay attention
to spillovers when they establish monetary rules certainly diminishes. Why?

The basic reason for Proposition 2 is that these are cases in which the
policy rule is designed to mimic the constrained-efficient flexible-wage equi-
librium, thus setting to zero the Home and Foreign sticky-wage distortions
measured by'*

Q(p) = Qu(p) + Qalp)
and

2 (p) = Qu(p) — Qalp).

But if the sticky-wage distortion has been eliminated, a small increase in the
distortion through a change in the policy rule has no first-order welfare effect
on Home or Foreign.!® That is, when the policy parameter é that solves

d€,(p)
dé

HMOf course these terms are not necessarily zero when p # 1 and asymmetric shocks can
occur. Indeed, it can be shown (after much algebra) that under the cooperative regime,

vy* (1 =2)*(1 - p)?oz,
2 =1 =p)lv =1 =71 =p)*v—(1 =721 -p)

However, 6,, and 4 enter Q(p) separably, so we can analyze the problem of choosing &,
as if asymmetric shocks were absent altogether.

151t is critical to this argument that the monopoly distortions have effects that are
completely separable from those of the sticky-wage distortion, as we have shown above.

=0

Qp) = > 0.
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leads to the flexible-wage equilibrium ex post, it must also be true that

dQ(p) _ d(p) _ dQa(p)
ds ds ds

= 0.

Thus, neither country will be tempted to deviate from any policy rule para-
meter which, taken individually, is tailored to eliminate the effects of sticky
wages on the economy’s allocation.'6

Implicit in the preceding discussion is the presumption that the sticky
wage lowers national welfare because wage setters would always prefer to
have the option of resetting their wages after uncertainty is realized: when
there are no asymmetric shocks (or when p = 1), Q(p) is maximized at a
value of 0. But while sticky wages clearly lower individual welfare, might one
not argue that they somehow could coordinate workers on an outcome more
favorable to national welfare than the flexible-wage equilibrium? This cannot
occur through the micro-level monopoly channel, as we have seen, since un-
certainty does not interact with the monopoly distortion in our model. But
it could, conceivably, occur through a separate, macro-level, channel. As a
general matter, the decisions of individual wage setters need not completely
internalize a country’s monopoly power over its exports; see Obstfeld and
Rogoff (1998, appendix D.2) and Tille (2000). Indeed, in the present model,
individual domestic producers overestimate the global elasticity of demand
for their products, so that either country could raise its own welfare, at the
other’s expense, by imposing an optimal import tariff. Might not a mone-
tary policy rule be designed likewise to exploit a country’s monopoly power
in trade, thereby, perhaps, raising §2(p) above zero even in the absence of a
risk-sharing distortion?

The answer is no, essentially for the same reason that the sticky-wage
distortion does not interact with the micro-level monopoly distortion. To
see this, imagine that Home imposes an optimal import tariff to exploit its
national monopoly power in trade. Appendix 2 shows that in the flex-wage
equilibrium with an ad valorem tariff of ¢, Home’s utility U (t) has the form

U(t) = U()0(0) = T(t)T,

implying that the optimal tariff is state-independent. Hence the optimal

16In the logarithmic case (p = 1), we infer that a small shift in the policy rule does
not induce any change in the nominal wages that workers choose ex ante. When p # 1,
however, wages do change.
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tariff under uncertainty maximizes

(B = W(t) (EO) exp[(1 = p)2(p)].

But the first-order condition for the nationalistically optimal tariff (¥'(¢) =
0) is independent from the conditions for optimal nationalistic monetary
policy [d2(p)/dé = 0]. Thus, Home’s ex ante welfare is maximized when the
allocational effects of sticky wages are nullified ex post by monetary policy,
irrespective of whether the optimal Home tariff is actually in place.

6.3 Can one plausibly generate big coordination gains?

One way to assess the quantitative importance of the gain from coordination
when p # 1 and 02 > ( is to simulate our model numerically. To that
end, we assume O’Qd = o2 = .01, that v = 0.6, and that v = 1.5 (the
value used by Chari, Kehoe, and McGrattan 1998). For different values
of p, table 1 calculates three numbers: (i) the gain from monetary policies
that target the flexible-wage equilibrium, compared with policies that hold
money supplies constant; (ii) the gain from moving from flex-wage policies
to the cooperative equilibrium; and (iii) the ratio of (ii) to (i). The gains
(i) and (ii) are expressed as percentages of output. Notice that because the
Nash equilibrium policy responses lie between the flex-wage and cooperative
responses, the ratio (iii) is a strict upper bound on the gains to cooperative
versus Nash behavior in rule setting.

Table 1: Gains from stabilization and coordination

Measure p=0.5 p=1 p=2 p=4 p=238

(i) Stabilization gain 1.28 0.67 0.30 0.12 0.04
(ii) Coordination gain 4.5 x 1073 0 29x10% 6.0x10% 51x107*°
(iii) Ratio (ii)/(i) 35%107% 0 9.7x10% 005 0.13

The gain to stabilization falls sharply with p because the higher is p, the
less the necessary adjustment of wages to productivity shocks in the flexible-
wage equilibrium (see appendix 2). However, the net gain to cooperation
versus simply targeting the flex-wage allocation is uniformly tiny. Only at
unrealistically high values of p, at which the gain to stabilization is very
small, does the gain from coordination climb to even a tenth of the gain
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from stabilization. Thus, the discrepancy between the Nash and cooperative
equilibria seems truly negligible in welfare terms, even when measured against
a limited scope for stabilization.

Our results here are consistent with a much broader literature which finds
that at the aggregate national level, the potential utility gains from increased
international risk sharing are not necessarily large (see Obstfeld and Rogoff
1996), especially in a setting such as the present one where price effects
already provide a significant measure of risk sharing.

6.4 Discussion

How general are our results? We may easily dispatch three potential criti-
cisms. First, our analysis extends to the case where real balances enter utility
in the form (M/P)'~¢/(1—¢), as in Obstfeld and Rogoff (2000). Though the
formulas are more complicated than in the present paper’s e = 1 case, the
main results all go through and the intuition is the same.

Second, one can show that our main result does not rely on the monetary
authorities being able to observe productivity shocks exactly or hit the flex-
wage allocation exactly. What is central is that policymakers be using their
information efficiently in their efforts to stabilize.

Third, our model assumes that only wages are sticky and that product
prices are flexible at the consumer level. This, too, need not be important.
One can carry out our analysis in a model where all consumer prices, of both
domestic and imported goods, are preset in domestic currency terms, and
our main result that the scope for policy coordination is limited still follows.

Clearly, however, the specific log-linear form of the model is critical to
the exact analytical results we have obtained. Especially important for our
results is the convenient but not necessarily realistic assumption of unitary
international demand elasticities, which leads to the equality (10). We conjec-
ture that our model, augmented with complete international asset markets,
would admit no gains whatsoever from coordinated rule setting even with
general demand elasticities. Whether reasonable nonlinearities would result
in quantitatively important gains from ex ante coordination under incomplete
asset markets is a subject for future research. Our numerical investigation of
the gains from coordination when p # 1 suggests the gains may be small.
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7 Comparisons with Earlier Literature

Perhaps the paper whose message is most closely related to ours is Oudiz and
Sachs (1984), who also argue that the benefits to international policy coordi-
nation may be very small, though for very different reasons. Their empirical
model of coordination between the United States and Europe yields small
gains only because trade between the two regions is small. Our result, in
contrast, holds just as strongly when the two regions are highly integrated.
There are other fundamental differences, not least that Oudiz and Sachs
study ex post coordination rather than a rule-setting game, and that they
use an old-fashioned Keynesian trade multiplier model. Also, as in all the
previous literature, their model is one in which monetary policy cannot sys-
tematically raise the expected value of output or employment whereas here
it can (via agents’ responses to risk).!?

Our paper does not actually explore the institutional mechanisms by
which a rule-based regime might be implemented. Interesting recent work
by Jensen (2000), which builds on earlier results by Persson and Tabellini
(1995) and Rogoff (1985), shows that it may indeed be possible to implement
institutions at the national level that could mitigate the credibility problems
of national monetary authorities both vis-a-vis wage setters and vis-a-vis
each other. The question our paper answers is whether, in designing such
institutions, countries have any incentives to pay attention to the interna-
tional spillover effects, even if a mechanism for doing so exists. Persson and
Tabellini (1995) do, in fact, informally consider whether the globally optimal
cooperative contracting scheme could be the outcome of a game in which
countries set contracts unilaterally. They argue that, under some conditions,
it could (even if other equilibria are possible also). Persson and Tabellini
also note, however, that their contracting scheme may be rather fragile, a
point Drazen (2000) emphasizes. What our result shows is that elaborate
mechanisms for reaching a cooperative equilibrium in monetary policy may
be entirely unnecessary.

17Unlike earlier cooperation papers, we do not include an ad hoc inflation term in the
monetary authorities’ objective functions. Though it is a perhaps only a sleight of hand,
we could have done so by assuming overlapping Calvo (1983) contracts, while taking the
initial level of wages as given. Then, of course, any change in the monetary rule has (by
definition) a surprise element to it (due to the preexisting wage contracts), and therefore
the level of inflation has a redistributive effect. (See Woodford 1999.) Our analysis neglects
these transitional issues.
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If there were no way to design domestic institutions to effectively enforce
policy rules, then international monetary policy credibility problems could
easily arise in our model. There are two wedges, one inflationary and one
deflationary. The monopoly distortions in the goods and labor markets could
be mitigated if the monetary authorities could systematically inflate beyond
wage setters’ expectations. On the other hand, there is also a systematic
incentive to try to deflate and thereby lower domestic output for optimal
tariff reasons. Corsetti and Pesenti (2000) give some suggestive results for
this ex post monetary policy game, though their model is not stochastic so
they cannot analyze monetary policy rules.'®

8 Conclusions

As the major currency countries adopt institutions more conducive to rule-
based monetary policy, one might be concerned that they seem to be so
inward-looking in their decision-making processes. Modern models of mone-
tary policy transmission suggest a number of channels that might lead coun-
tries to choose monetary rules that are optimal from a national perspective
but not from a global perspective. While in principle this problem perhaps
can be addressed with properly designed domestic monetary institutions—as
Jensen (2000) and Persson and Tabellini (1995, 2000) have suggested—in
practice, spillover effects appear to receive only minimal consideration.

We have shown that, surprisingly, this lack of coordination may not be
a first-order problem. As domestic monetary rules improve, and as interna-
tional asset markets become more complete, the outcome of a Nash mone-
tary rule-setting game begins to approximate the outcome of a cooperative
one. In principle, the current system of monetary arrangements may evolve
to one that is (nearly) optimal from a stabilization point of view, without
any major institutional innovations at the international level. This answer
falls remarkably neatly out of a welfare-based “new open economy macro-
economics model.” Indeed, one simply cannot properly pose the question
within the older Mundell-Fleming-Dornbusch style of model that, until now,
has served as the workhorse of the cooperation literature.

18Corsetti and Pesenti (2000) derive the first-order conditions of a Nash equilibrium at
given wages, but one cannot really explore time-consistent equilibria in their model without
adding an ad hoc inflation objective or introducing repeated game considerations. They
present their analysis as suggestive and do not attempt to solve fully for Nash equilibrium.
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Finally, we note that in our model, as in earlier stabilization models of
international monetary policy, it is never optimal to have a fixed exchange
rate regime unless shocks are perfectly positively correlated across coun-
tries.!” We hardly regard the analysis here as a decisive blow against having
a world money, since our framework omits many potentially important ele-
ments such as excess volatility, protectionism, and the costs of making and
keeping track of payments in multiple currencies. The analysis does cast
some doubt, however, on halfway measures to coordinate world monetary
policy such as McKinnon’s (1984) “world money” targeting, or Williamson’s
(1985) exchange-rate target zones. Continued improvements of monetary
policy institutions at the domestic level, coupled with the further broaden-
ing of world capital markets, may render such schemes superfluous or even
counterproductive.

9Tn an interesting recent paper, Devereux and Engel (2000) develop an example in which
exchange rate flexibility is not beneficial even in the face of country-specific real shocks.
Exchange rate adjustment plays no short-run allocative role in their model, however,
because prices of foreign goods are pre-set in local currency terms at both the importer
and the consumer level. Elsewhere (Obstfeld and Rogoff 2000), we have shown that
such a model has the counterfactual implication that a depreciation actually improves a
country’s terms of trade, rather than worsens them. Nevertheless, the question of how
sticky consumer prices may affect the allocational role of the exchange rate is clearly an
important one for future research.
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Appendix 1: Cooperative and Nash Equilibria,

This appendix shows how to calculate the cooperative and Nash equilibria
when monetary rules respond to productivity shocks.

Cooperative equilibrium

The paper’s text showed that cooperative policymakers will seek to maximize
(32) over policy rules of the form given in egs. (21) and (22). Equations
(14), for Ez, and (32) show that to calculate the cooperative equilibrium, we
must express the moments o2, 02, 0y, ., and 0y, all of which affect Home
and Foreign symmetrically, in terms of the policy parameters of the reaction
functions (21) and (22). Making use of the relations

s bq — 0y P Ow + Oy i
— 2p d 2p wH

l Sa+ 0 } l b — O, ]
| fi— || Rw
p(l =)+~ p(l—7)+~

that we derived earlier, we can write:

2 _ Ba=0)" 5 | (but8) ,

>
|

z 4p2 Kq 4p2 Ky ?
o [ §q+ 6% r ) [ - rUQ
‘ p(l =) +~] " [pd—=7)+~] ™
B Ow + 05,
Ohpz = T, TR
6d+62 9

O-nde

-0, .
p(l =)+~ ™

Since the cooperative maximand simplifies to

v—(1—=)%1=p) %2 +vo, .+ Lo, ..
EV = —Zaz A= 0= - Pl foe w2+ §0nie} + constant
2 v—(1-p)
once we write Ez and E7 in terms of the relevant variances and covariances
of endogenous variables, recall eq. (26), the first-order conditions for the

reaction function parameter 6, is

BV du(p) _
dég  déa
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v—(1—)>(1-p) x
v(a—8y) , " (W) (ba+83) o, = vor,

p> M 2[v = (1=p)]lp(1 =7) +1]
(We do not write out a verification of second-order conditions, but that de-
tail is easily filled in given the simple structure of the model.) Observe that,
thanks to the model’s linearity and the orthogonality of the world and differ-
ence shocks k4 and k., the first-order conditions for the optimal Home and
Foreign cooperative response elasticities to k4 do not depend on the response
elasticities to k,. A further simplification results from noting that, due to
the model’s symmetry, we must have §; = §, at the optimum. Thus, the
preceding first-order condition implies that

coop __ ¢*coop p(]- — ,Y) +
6d — 6d 2 )
v—(1—=7)*1-p)
which gives us eq. (33). As we have observed, this solution differs from the
flexible-wage solution, eq. (29).
To find the cooperative response elasticities 9;,”” and 6;,°”, we calculate

dEV dQu(p)

= _ L — 0
dé,, dé.,
[v-(1-2(1-p) PN
V(6w +06y) 5 v ( 2[p(1—) 17 (6w = 03,) %, 20k
= _—O-nw _
4p? 2[v — (1 - p)]
Again invoking the symmetry of the solution, we find that
. p
61050]3 _ 6wcoop _ ’
v—(1-p)

which is eq. (34); §,,°F also matches the flexible-wage response in eq. (30).
Nash equilibrium

In a Nash equilibrium Home’s problem is to find

max EU

6d76w
given ¢} and §,,. As eq. (35) shows, Home will wish to alter its cooperative
policy rule if it can bring about a first-order increase in the country-specific
welfare component

2utp) = 152

2

Fr 4 (1- 7)2(1 —p) o
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Since the benefit to Home from any first-order increase in 4(p) entails an
equal loss for Foreign, Foreign (of course) would lose more than Home’s gain
if Home were to defect from the cooperative equilibrium.

The first-order condition with respect to ¢,, takes the form

dEU _ dSu(p) , du(p)

s, s, a6, 0.

The last subsection gives the derivative d,,(p)/dé,. To calculate d24(p)/dbw,
recall from eq. (27) that

(1—7) {y[u— (1—p)] aze+uanwe+2uandz}
2 v—(1-7)(1-p) ’

where the relevant covariances, all of which have opposite effects on Home
and Foreign expected utility, are:

Qa(p) = —

(62— 62) 02, + (63 — 62) o2,
2p[p(1 =) +1]
—Uf{wv
p(1 =)+
(5d — 6d) Ui .
2p d
To find the Nash equilibrium of the rule-setting game, we note first that

dQ(p) v —(1-0p)

Oz = )

O-Kwe =

K4z —

—_— 8y + 1.
35, X , +
Since the value
s P
v—(1-p)

sets the preceding derivative to zero while simultaneously satisfying d€2,,(p)/dé,

0 (recall the last subsection), we have (by symmetry) that

6Nash, — 6*Nash, — 14 )
T

Of course, these Nash responses to the symmetric world shock also are co-
operative responses and act to mimic the flexible-wage equilibrium ex post.

34



On the other hand, the cooperative response coefficient 65, = %

does not set to zero the derivative

v-(-p)] ¢
dlp) L=y | waaeda—1

g, .
dda 20 |v-0-m0-p | ™

To find the Nash value 67" we therefore must solve

dEU dQ.,(p) N dQq(p)

ddg - ddg dé, =0
[v-(1)2(1-9)] £\ 2 2
v(i-6) , (W (64 8%) 02 — vo?,
— _—O_K B
1w T T 2= (-l - )+
Lr=0-p) s _
(1—y)v | Lo =1 |,

2 \v—a-ni—p [

Nash __ ¢xNash
bg " = 0g

The Nash equilibrium is symmetric with , so the preceding

equation has the solution given earlier in eq. (36).

Appendix 2: Flexible-Wage Equilibrium and Tariffs

This appendix shows the effect in a flexible-wage version of the model when
Home imposes a tariff on imports. The discussion has the dual purpose of
illustrating how tariffs interact with other distortions, and of showing how
to solve the flexible-wage model in general.

Tariffs and the distribution of world spending

If the ad valorem tariff rate is ¢ and tariff revenues are rebated to the Home
public in lump-sum fashion, then the Home consumer’s budget constraint is
no longer P;C; = PB,Y}; it becomes

P.Cy = PY, +tEPC,
tEp: [SP;(Ht)rC

= RBY,
u¥y + 9 P,

t
— BYi+1 (1—+t> P,Cy,
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where P, = [EP(1 + t)]% PH%is the domestic-currency price index for trad-
ables inclusive of the tariff’s effect on import prices.

In a world equilibrium, nominal global consumer spending on Home ex-
portables equals the receipts of Home producers, so

PY, = {1 -1 <1L+t)} P.C;

L1
= %PTCT_"%(‘S,PF*)QPHQCT'

Solving, we find that C; = (14 t)2C?, so that instead of eq.(10), we have
the following relationship between the overall Home and Foreign expenditure
levels, measured in tradables at domestic prices:

Z=(1+1t)32" (38)

Solving for world spending and the terms of trade

Using the deterministic version of the Foreign wage first-order condition cor-
responding to eq. (6), writing out P* in terms of its components, and using
the markup condition for product prices, we derive

s\ (=72 o0 * 7 x[v—(1—p)]
&) -le=sa=|e o

Doing the same for Home, but taking account of the tariff’s effect on Home
import prices and the Home consumer’s budget constraint, we find

( W )(lp)v/2 (1 _{_t)(lfp)’r/%g

EW* vt g
1= 5| 0-DE-1)

KLv=0-0), (40)

To complete the model’s solution, we need to furnish the relationships
between L and Z and between L* and Z = (1 +¢)2Z*. From the Foreign
budget constraint, P Z* = (%) W*L*, and the definition of P, we conclude

that .
. _ w >
L= [5W*(1+t)} Z (41)
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Since L = Y, + Y, the equality of demand for and supply of total Home
output leads to

L
2

1
¥ ) 1 y -~ ;] EW*\ 2

— =) (1+t —(1+¢ A 42

(1= avor+ Javo] (5 42)

Using egs. (41) and (42) to eliminate L* and L, respectively from egs.

(39) and (40), we obtain two independent relationships that can be solved

for Z and EW* /W (as we shall do explicitly later in the £ = 0 case).
Solving for utility

By combining the Home wage first-order condition and budget constraint,
taking account of the tariff rebate, we find that

ELV _ (%) (74) [1 - 2(?;‘,)] -
14 14

Since flex-wage utility is given by eq. (3), we may therefore write overall
utility (as x — 0) as proportional to C'*/(1 — p):

v — (6~ 1)(6— 1)1~ p) [1 - 53%5]
U— ol-r. (43)
(1= p)vgd

Noting that

o [Ewas ]t
LR
we see from the purely multiplicative role of terms involving ¢ in eqs. (39)-
(41) and (43) that we may write flex-wage utility in the presence of a nonzero
tariff ¢, [j(t), as

U(t) = w(t)U(0),

where U(0) = U, in terms of our earlier notation, and W(t) is a complicated
function of the tariff rate.
The flexible-wage zero-tariff solution

With zero tariffs, the symmetry of the equilibrium leads to a quick solution.
Equations (39)-(42) imply that the equilibrium terms of trade are

EW™ K* ”_(1—}/)(1—0)
w  \K ’
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. <¢—1><9—)1>]m.

o0 (K K*)?
These equations are easily combined with the equations for the ex post sticky-
wage values of z and e, egs. (15) and (16), to calculate the monetary response
elasticities replicating the flexible-wage equilibrium, egs. (29) and (30).

We may also calculate

w0 — (-6 11— )] o,
U‘l = ) }C

where

Z'=r

Cl_p B [gw*(l + t):| (1-7)(1-p)/2

W

_ (K*)% [(Qs_ 1)(6 — 1)] =G
K 60 (KK*)? '

Using the last equations, we also find ezpected utility under wage flexi-
bility, EU:

 Tuel— (60— 1) 77
BU- = { 1- >u¢9 H }
~ (1-p)Ex (1—-p)
e"p{ —(1—p) 2[—(1—p)1
o a —p)Pw (1= v—-1-7(01-)p)] o2 }
v — < P v — < >< -pP ™
vl — (60— 1) (¢ — (¢ — ﬁ,
- [
_ (1—p)Ex (1-p?ar (1—p)/\
exp{ —(1-p) 2[v —(1—P)] (1_[))}‘

This formula corresponds to eq. (24) in the text.
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