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contingent forward contracts.4) There are likely to be gains from
policy co-ordination,
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1. Introduction

The demise of Bretton Woods ahd of the shbrt—lived Smithsonian
agreement has raised questions about exchange rate management by monetary
authorities acting in isolation from one another. For instance, will individual
monetary authorities have an incentive to stabilise the exchange rate? To what
extent will monetary actiong abroad disrupt domestic meonetary policy? What are

the gains from co-ordinating monetary policy?

The problems that arise when different agenfs pursue independent policies
in interdependent econcmies have been explored by a number of authors. Acki
(1976), Cooper (1969), Hamada (1976}, Allen and Kenen (1980), McFadden (1267),
Patrick (1973), Kydland (1976) and Pindyck (1976}, among others, have made
significant contributions, Different authors have focused on different aspects
of decentralized policy formation. One purpose of this paper is to provide a
generai discussion of decentralization. In part 2 we provide a
theoretical framework for analysing policy formation among independent authorities
operating in an interdependent environment. We distinguish fhree dimensions of
the problem and discuss, by way of example, the Mundell (1962) assignment problem
in terms of our typology. We show that instability in Mundell's context does
not arise because different authorities are assigned different and inappropriate

targets, but because they fail to formulate strategies in a co~operative way.

A second purpose of this paper is to analyse the optimalrdesign of monetary
policy in interdependent ecconomies. Previous analytic discussion of policy
decentralization has been based on deterministic models. . Furthermore, with the
exception of Hamada (1976), who considers the problem in a classical, full-
employment context, these models incorporate the traditional neo-Keynesian
assumption of fixed prices. Studies incorporating stochastic elements have also
used a neo-Keynesian framework and rely solely on simulation analysis (Pindyck
(1976) and Kydland (1976)). None of the studies incorporatés recent contributions

to the theory of aggregate supply and expectations formation associated with the



"Wew Clasgsical Macroeconomics".

We consider two monetary authorities pursuing domestic targets in two
economies connected both by trade in real goods and in national monies.
The model is presented in section 3. Each economy is characterised by
a supply function of the Lucas type in which deviations of output from
its natural level occur only because of deviations of the domestic price
level from the value that was anticipated in the previcus period. The
natural level is itself stochastic. Agents in each economy hold domestic
money for transactions purposes but may speculate on exchange rate movements
by holding domestic or foreign money. We assume that money demands are also
stochastic. The two economies are linked by a stochastic purchasing power

parity relationship between the two price levels and the exchange rate,

Throughout, we assume that the only contemporaneocus variable chserved
by the two monetary authorities and the private sectors is the exchange rats.
Incomes and price levels are ocbserved only with a one-periocd lag. Each
monetary authority's problem, then, is to infer from the observed current
exchange rate the type of shocks affecting the economy and to set the current
money supply to offgset these shocks, taking into account the response of the

foreign monetary authority to its actions.

In section 4 we assume that each country's monetary authority pursue- the
objective of stabilizing cutput arcund the average or "exr ante", natural level
of output. In section 5 we modify the objective to one of stabilizing income
around the actual but unobserved natural rate. This second objective is
equivalent to minimising price forecast errors and is more likely to lead to
a policy of exchange rate stabilization. In section &, we introduce exchange

rate stabilization as an additional, independent goal.



Throughout, we derive the policy rules which obtain when the monetary
authorities pursue distinct targets independently. In sections 4 and 5 the
optimal peolicy rules are not affected if, instead, authorities pursue a
common cohjective cooperatively. This result does nbt extend to more general

models such as the one considered in section 6.

A main purpose of the model we develop in sections 3 through 6 is to
provide insight into the design of optimal policies for dirty fleating.
Models in which current policy can only respond to past information must
implicitly assume that either the exchange rate or the meney supply is fixed
within the period: exchange rates are either fixed or the £float is clean
within the period [see Buiter 1979al. Our model, however, allows for a
contemporanecus money supply response to the current exchange rate.l/
Setting the money supply to fix the exchange rate or ignoring the exchange
rate in setting the money supply constitute special cases of our model.
Indeed, we find that optimal mcnetary peolicy can involve exacerbating

2/

exchange rate movements.—

2. Alternative Definitions of Palicy Decentralization and Coordination

The question of policy decentralization arises in interdependent systems
in which distinct agents, whom we call quthorities, have the ability to
set instruments in the pursuit of possibly independent objectives. For
simplicity, consider a system with two authorities. At time t the first

authority seeks to maximize an cbjective function of the form
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whexre y; represents a vector of state variables in period T and x a set
of levels of the instrument variables under the control of authority i.

Qt is the ith authority's set of information about the state of the economy

in period t.

A second authority may be maximizing an objective function of the fomm

2 2. 1-t_ 2 ‘1 2 2 2
= - . 0 <§ <1
(2.2) w EI £ (87) VT(yT, xT, xT)|Rt] =

.t T=t

Let us assume that the state wariables y evolve according to
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(2.3} Yo g(yt_l, Xer X (yl| j)
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If the authorities adopt time-consistent policies. we can define their

optimizing behaviour recursively as in (2.4) and (2.5)

1._ 1 1 2 1.1 1
2. = r r
(2.4) Wt ?axl E [Vt(yt X, xt] + & Wt+l]|ﬂt]
xtsxt
and
2 _ 2 1 2 2 .2 2
(2.5) W, = nziax2 E [vt(yt' Xy Xt) + & Wt+l]|Rt]
xtEXt

Here Xl and XE represent the sets of feasible values of xt and X, regpectively.
If agents are pursuing memoryless Nash strategies (see Kydland (1976)) then
x1 is set taking agent 1's future behaviour and agent 2's current and

future hehavicur as given and similarly for agent 2. We thus define
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~1 1.1 1 2 ~2 2 2 2

xt= Qt (ﬂt; ...,<I>T,...; ...,@T_l, +ee) and xt=‘I>t (ﬂt; ey <I>T, .ead
1 ) 1 2 . , 1

ceer Qt—l’ <es) T > t+1 as the values of xt and xt which attain Wt and

Wi respectively. Within this framework we identify three types of

decentralization and ccordination.

(1) Target decentralization occurs when the two authorities have different
cbjective functionals, i.e. when wl # wz. Full coordination of targets
requires that the authoritieé adopt a cormon objective functional w. This
does not necessarily imply tﬁat authorities maximize w with respect to the same
information, i,e. ﬂt may not egual Qi. Furthermore, even though authorities

have a common set of objectives, they need not play a cooperative game in the

o

. 2
formal sense; 1i.e. no binding pre-play agreements on the choice of 7 and @t

may have been established.

{2) Decentralization of nonstrategic information occurs when authorities
have access to different information sets concerning the state of the economy
(ni # ﬂi). Full coordination of such information requires that the authorities
share this information. Each authority will then form expectations and policy
in period t on the basis of Rtl} ﬂi. This type of coordination need not imply
that authorities adopt common objectives or that they formulate ¢t and @i
cooperatively.

(3) Finally, decentralization of strategic information arises whenever

1 , . :
@ _ and @i are chosen independently. This type of decentralization could even

t

arise in situations where authorities shared cbjectives (wl = w2) and
information about the state of the economy (ﬂt = Qi) but the optimal
cooperative strategy is non-unigue. It is analogous to the decentralization
problem faced by an American football team which has snapped the ball without
havihg called a play in the huddle. Coordination of stragegic information
means that authorities make binding, "pre-play" agreements on their choice

2 , , . .
of CIJl and @t, ‘which they may do even though their targets and information

about the state of the economy may differ.

Mundell's (1962) assignment problem seems to represent this last type of

decentralization. Consider Mundell's two equation model of an open economy:



n

(2.6} Y=or + a2G ; 0. < 0,a, > 0

1 2

(2.7} B

Blr'+ B2G ; B, >0, 32 <0

1
where ¥ denotes income, r the interest rate, G government spending and B the
balance of payments. The objéctive of policy is to stabilize Y and By that

is, to assure asymptotic convergents of Y and B to target levels which we set
without loss of generality at ¥ =B = Q. Policy is restricted to finite
instantanecus rates of change of ¢ and r which are linear functions of authorities'

. . 5
information sets.—

Mundell constrains his analysis to policies which assign one instrument,
r, to one authority and G to another. The monetary authority responds only

to B according to the rule.

(2.8) r = 6B

while the fiscal authority responds to Y according to
(2.9) & =yY .

 Mundell then shows that if the authorities choose § < Q and ¥ < 0 - the natural
"leaning against the wind" rules - then if L—ul/a2]<|—Bl/82|, i.e. instruments
are not assigned according to "comparative advantage", the system represented

by (2.6) - (2.9) is unstable.

Prima faefe, this problem might be interpreted as one of either
decentralized non-gtrategic information (each authority knows only one of the
two state variables, Y and r, as well as the values of the structural parameters
ai and Bi, i=l, 2 or at least the relative strengths of the effects of the
instruments on the targets) or one of decentralization of strutegic
information (each authority chotses its response function independently).

In fact, it can only represent a failure to choose responge functions jointly.



To show this, consider the two necessary and sufficient conditions for

stability:

(z.10} 67(81a2 - alBZ) >0

and

(2.11) 88, +ya, <O .

For any values of the structural parameters there exigt values of 6 and Yy
(not necessarily the leaning against the wind values), which satisfy (2.10)
and (2.11).§/ Therefore, authorities can attain their objective without
sharing information about ¥ and r. They need only cocperate by jointly

choosing appropriate values of § and Y.

Without such cooperation, sharing information on ¥ and r will mot
guarantee stability. Under full nonstrateqgic information sharing, the two

authorities' response functions take the more general form:

. = +
(2.12) G YlB Y2Y

(2.13) r

B+ 6§ .
1 2Y
In this case stability obtains if and only if
(2.14) Ylsl +oy,e 4 5152 + 62a2 <0
and

. = - > .
{2.15) (T251 62*1)(“132 “281) o]

Without knowing the parameters of the fiscal authority's response function,

Yl and Y2’ there are no values of 61 and 52 which the monetary authority could
select to ensure stability. An equivalent problem faces the fiscal authorities.
Even though both authorities have full information about the state of the
economy, they cannot be sure of attaining their objective if one authority does
not know what the other is aoing. Thus the assignment problem arises not
because authorities have been arbitrarily assigned target variables but

because they do not determine jointly how they will respond to these variables.



3. A Two-Country Model of Monetary Policy and Exchange Rate Determination

We now turn to a model in which target and strategic information
decentralization both arise. Two national monetary authorities pursue separate
objectives but have access to the same information about the state of the world.
Each authority sets its money supply in response to the current exchange rate

between the two monies, taking the othler authority's response as given.

We derive optimal money supply rules in a model of considerable simplicity.
Firstly, we consider two economies in which the deviation of actual output from
its long-run normal level is proportional to the percentage deviation of the
actual price level frem the price level anticipated in the previous period.

In the home country we have

_ a y
(3.1) v, =%p, pt|t-l) +ou >0
while abroad
(3.2 * o op-p. *¥ 3> o0
-2 ¥, < Ptfptlt-l) ey 29

Here Yy denotes the deviation of home-country output from the full employment

level and Pt the logarithm of the home-country price level; denotes

Pele-1

the expectation of Py based on information available in period t-1 and ui

2
denctes a Gaussian white noise disturbance term with wvariance Uuy .
Equivalent magnitudes in the foreign country are dencted with an asterisk.
n *n .
The actual or ex-pest natural levels of outputs, yt and yt , Obtain when

*y
6 -

d * * ctivel that i n uy d *n
= e = an =
and p Pt -1 respectively, at is yt Yo u

Py = Ple1 &

Fr ante, the expected natural levels are simply zero.

Justification for output supply equations of the form (3.1) and (3.2)
is provided by Lucas (1972) and Sargent Qnd wallace (1975). Output eguations
of the form (32.1) and (3.2) would arise also if wage contracts are formed one
period ip advance. Wages inlperiod t, it is assumed, cannot be modified by

7/

information that is not available hefore period ti~ Other motivations of



{(3.1) and (3.2) involve impeffect observation of the contemporaneous

aggregate price-level.

Secondly, we assume that citizens in each country must hold domestic
money for transactions purposes but may speculate by holding foreign money.
Overall money demand is thus given by a set of currency substitution money

demand functions:

{(3.3) m - p, =ay, - B¢

e -a ) + um
t Tt t tHlt ¢

t
* * *

m
- + > 0.
et) u t a , B >0 .

* LI *
. - +
B3.4) mo-p o =ay B Loy

Here'mtrdenotes the logarithm of nominal home—couﬁtry money halances in
period t, e, the logarithm of the spot price of foreign currency and

. ‘ m
e £ the wvalue of et+lexpected to occur in period t. The terms ut and

*m R . . . . ,

uf represent Gaussian white noise disturbances with variances oim and cz*m'
u

respectively. The parameter ¢. denotes the income elasticity of demand for

real money balances and B the expected exchange rate appreciation elasticity.

o
When Sellt is high relative to et foreign money balances are more attractive.:/

Finally, we assume that the domestic and foreign price levels are

connected by a stochastic purchasing power parity relationship, i.e.,

(3.5) +p e
. Pt—et pt-l-ut

e

2

e R . . . . R -

where ut represents a Gaussian white noise disturbance with variance 0. .
u

* *

R R m m
Alse, for simplicity let contemporaneous values of ui, uty, ut, ut and ui be

uncorrelated.

We assume that e, is the only endogencus or exoge mus variable cbserved
contemporanecusly. all past endogenous and exogencus variables are also
part of the common private and public informaticn set. The information set

9/

at time t when mt is chosen, denoted by Qt, is therefore given by: —



_lo_
* x* 1. ‘
(3.6) Qg =1€cs Proy? Poaypr Yoo YT-{J TIE

or equivalently by

- Y *y m *m e
Q. = \
t {%T' Yro1t Ypopr Ypopr Yeope uf'é] !

EA
[nd

In additionm both the authorities and the private sector know the true
structure of the model, including the first and second moments of the
distributions of the random disturbances. Expectations of p_ formed in

formed in pericd t

period t-1 are conditional on Q__; and expectations of sl

are conditional on Q.. The foreign country has the same irnformation set as

the home country.

In period t the monetary authorities in the home country choose m, to

minimise

(=]
, T =2
3 = -
(3.72)  E(V. |00 T{=t6 EEyT ¥.) Int] . o<5§1
The foreign monetary authorities choose m: to minimise

o0
* %o * % 2 *
(3.7b) E(_thﬂt) = §=t6 El:(yt A ) lszt:[ 0<§ <I
*

¥ Tand §'T are target real output at home and abroad, to be

- . L] *
specified more precisely below. & and § are discount factors. Both

*
- . * ] »
m, and m_ are chosen under the assumption that m, and m_ minimise réspectively

*
E(V |2) and E(V [g_) for all r>t. 1¢/
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By permitting money supplies to respond to the contemporaneous exchange
rate but precluding the possibility of-exéhange-rate contingent'money wage
contracts, known monetary ruies will affect real ocutput. In this model
policy makers set money supplies via transfers and taxes. Direct exchange
market intervention provides another mode which is consistent ﬁith our
specification if the other country sterilises the effect of exchange market

intervention on its own money supply via transfers and taxes.

Equations (3.1) through (3.5) can be solved by substituting (3.1).

(3.2) and (3.5) into (3.3) and (3.4) to obtain:

Pe m ot f g FBey| Ve *RU )
(3.8a) f[TBla aa s . x  xeld
Pe m a ¢ Pe| -1 B eetfe * Ve B u,
where
x K
(3.8b) =" 7B B
B T+ B
(3.8¢) T o= 1 +ad
' * X %
{3.84d) 7 2 1 +o0 b
= ~fan’ 1
{3.8e) v, = (otut + ut)
* _ * *Y *m
(3.8f) ve = (o u’ +oug )
* * *
(3.8g) A = mm +Bm +8om
. * e
Therefore, since e, = PPy T UL s
39 * 8 . K KoK g N
(3.9) € =" (r[‘t:"L(]“i’I’1:1t—lJr et [PV @A ¢ PP St Vi)

Equations (3.8) and (3.9) represent reduced form expressions for the
price levels and the exchange rate given past expectations of the current
price levels and current expectations of the future exchange rate. We now

consider the design of monmetary policy.

u

e
t

A

=1
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4. Cptimal Monetary Policy: The Nash Solution

We first consider the optimal design of monetary policy when each monetary
autherity follows a memoryless Nash strategy; that is, each monetary authority
sets its money supply as a function only of the contemporaneous value of the

state variables, taking as given the other monetary authority's money supply

rule.

In this section, target output is the ex ante natural level of output.

_ —k
We thus set y; = y; = O for all T,

Since
- - Y
Yo = PPy = Pyjeoy) YU
* * * * *
Ve =% Py = Py|pan) * U

the cbjectives of minimizing

r 8"E(y2]0,)
T' t
T=t

are equivalent to minimizing

s T Y2
(4.1) LS Ellep, - p |~:—1) + ]

T=t
and

* *T . * * _ *® *y 2
(4.2) L8 EIR (B~ Brjop) * 0] |2, 1

=t

respectively.
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Note that for any variable g one has qt|'t—i = E(qt lﬂt—i) and

SZ 9 = 1. 1 > .
that E(E(qtl t-i), t—i-j) E(qtlﬂt_i_j), i, 3> 0. We thus obtain, from

(3.8a),

Pr|t-i Delemi ¥ Pelemi * Bepq| ey Al
(4.3) * = Bl * ok Kk %

Pe|t-i Delei PP P e 7B Cpa|es

Subtracting (4.1) for i=1 from (3.2) yields:

e
- - + v,  + Bu
Py Peit-1 M T Weeoq * By ealfe-1) ¥ Ve t
4.4) - =B ,
# * k& Lo _ . v* LR
Py Pe|e-1 L P et+lqt—1) t t
Usging

(4.5 T
SR RS

. e e
. - _ . . s s
which, since ut+l|t ut+l]t—l 0, implies, for i Q,

*

*
(4.6) et+i[t T Peai|t-1 T Prfe” Peeije-1 "~ (Pt+i|t - Pt+i,|t-1)

we may write (4.4) as -

(470 Py = Pyl Pertfe 7 Prarfe-1]
* * = BD * * A
Py = Pele Peelle 7 Pea1e-1
i e
+
£ T Telen] Ve * Bug 1
+ B -1 +B A
* * * *
M = My - Ve T Bu
g -B
where D =
* *
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From (4.2) and (4.6), however, note that

(4.8) Petife 7 Peai|t-1 Persvi)t 7 Peag+i]e1
' -1
* * = ABD * * &
Peiilt 7 Prag|e-1 Peeivlle 7 Praier|e-1
Terile T Merife-1
+ AB . R a7t
Terift T Peed|e-1
where
-1

By repeated forward substitution and assuming stability we may write (4.8)

as
-9 HPepile ™ Prai|t-1 =y “eryle T Merfe-l
= 5§ ¢’ a8
* * j=i * *
Preri|t 7 Petife Teri|t T Moyl el
where
€ = ABD

Substituting (4.9) inte (4.7) implies that



- i m
3 -
= BD £ C° AB A
* * 3= m* m* -1 |
Py 7 Py|-1 it T Metd] -1
v+
e T Mee-1 ¢ T Bu
-1 =1
+ B * * A + B * B* o &
R P v Yt
We define the following
— v *y m *m e
By = (wpe wis U, )
i = - 0
ut ut E(utl t)
& = e E(etlﬁt l)
We may thus define
Qt = (et, ut—l)

as the new information available in period t. Since U v i > 2 is known

at period t-1, ét and thus Qt can depend only on i

1 and u, unless monetary

pelicy is itself random. Revisions of expectations in period t about monetary
policy can only depend on information newly available in period t, i;e.ﬂt,
Restricting ourselves to linear time-invariant nonstochastic policies, we

may write

(4.11) Mgl mt+j|t—l -

* * _
(4.12) LT Mepd|e-1 ~
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e s * ¥ ] L3 .
Since u _, is known at time ¢, Yy dnd ¥, are purely determined by policy. Since u

*
is only observed imperfectly in psriod t via @t Yj and Yj depend both on the policy

rules and the structure of the model.

Substituting (4.11) and (4.12) into (4.10) we cbtain

(4.13) P

- ‘ ) + 1
t ~ Pele-1 @ P e T Y% N
= BD I c7aB 4
* % j=1 * L
P T Prieg T3 T V3%
' i e
Yo't T Yotz Vi * Pu
+ B . " 27ty . ‘e a7t
Lo
Yol ¥ Yolpg Ve t B ut_[

Substituting (4.13) into (4.1) and (4.2) it is clear, since u and ut—l’

~ 1 * 1
and therefore u, and u are orthogonal, that policies for which Yj and Yj
non-zero increase the minimum expected loss. Such peolicies introduce additional

t_lr are
randomness, in the form of the unobserved (as of last period) component of last

period's disturbance into the current period price forecast error. We thus

restrict ourselves to monetary policies which do not respond to ﬁt—l

x1

1
If, in fact, Yj = Yj = 0, then policy responds only to currently observed
components of the current disturbances. Since these can only be observed via et,
policy can only respond to e . We thus restrict ourselves to policies of the form
t
(4.14) mt = I at_TeT
T=—m
* t *
{4.15) o, = X at__TeT
T==—ta

Subgtituting (4.14) and {4.15) into (4.10) we obtain

t
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(4.16) Pt 7 Pyrle-1 t

*

*
P 7 Peler

where

(=]

v= 8D I claBa, + Ba_.
. o
J=1

ca

* j * *
¥ = BD E.CABa, + Ba_.
3 o]

=1
Chserve that any given values of ¥ and ¥* can be achieved via linear
combinationsof an infinite number of variations of the underlying pelicy parameters
aj and a;. For example a policy rule which sets aj =0,] + 0,and a, = 50
will have the same effect on the objective functiocnal as one which sets aj = 0,
3 + 1 and al = (BDCAB)-]'BEO. In general, the government c¢an achieve the same
obhjective by responding only currently to current information (et) that it can
achieve by responding to this information at later dates. It is interesting to

note that even if the government were toc have inferior information to the private

gsector in the senge that they learn et at a later date, they can achieve their

chbjectives equally well. Turncvsky (1980) provides another example of this

phenomenon. (See also Buiter, 1980c). For convenience, we restrict ourselves
*

to current response only. We thus assume aj = aj =0 3 + 0. This restriction

uniquely has the virtue of yielding time consistent policies. A monetary policy
which responds in period t to €.r T <t, does not affect yt by this response, but only
yT. Since yT is at perlod ¢ a bygone, time-consistent monetary authorities will

not stabilize cutput via expectations of future policy. We thus consider policies

of the form

(4.17) m = ae

*
(4.18) mt =a e
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Since m, and m* respond only to et, all endogenous variables in our model
depend, given expectations, only on current disturbances. Taylor (1977) has

shown that while models such as ours, which incorporate current or past expectations
of future endogencus variables, have an infinite number of solutions in which
current endogencus variables depend on lagged exogenous variables, in the minimum
variance solution such lagged variables do not enter. We restrict our analysis

to this minimum variance solution. Thus e r Yoo yz, Py and PZ depend linearly
only on ut sao that

*

Peje-1 T Pele-1 T Cpaafe T O

{(4.19)

* *
Since Y and Yy do not depend on m and m_ for t + T, the authorities' procblem

*

reduces to one of choosing a to minimize E(yi!et] for the home country and a to

*
minimize E(ytzfet) for the foreign country in each perioed t.

Each country will optimally choose its monetary policy rule, taking as
given the rule of the other country. Considering the home country first,
minimisation of E(ytztet) is equivalent to choosing a money supply rule such

that E(yt|et) = OEEIgiven the rule followed by the foreign authority.
-] * % ® * % |
(4.20) E(yle,) = & "af(m+8)ae + Bae + (v +B JE(v,|e))
* % & ] y _
+BE(vt| e) + T BE (u { et).l +E(ue) =0

_ A *
The foreign country chooses its money supply rule such that E(yt|et) = Q,

given the rule followed by the domestic authority.
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* _ .'_\.-] * B*‘ * *
(4.21} E(y, [et) =A% ae +(14B)a e +B E(vtlet)

+(W+B)E(V:[et) - g E(ui[et{j + E(u:y[et) =0

{4.20)and (4.21) can be rewritten as reaction functions as in (4,22)

and (4,233,
* *g
B * : B T e
(4.22)  ae = - a'e + E(vle) + —FE(v |e)* 5% EW][e)
£ ﬂ*+8* et (vtl t v*+6* ¢l et g tl ¢
-1
AP ¥y
+ =% E(ut[et)
T +B
* * nB* e
(4.23 a*e . - ae, + B E(vd et)+ E(v’é|et)-—— E(ut|et)
t *+B m+B T+R

|
. *y
+ B w e
T+B ’ I

Note from (4,22) and (4.23)that the domestic maney supply responds
negatively to the money supply alroad. An increase in the foreign money
supply causes an appreciation of the exchange rate, creating expectations of
depreciation which reduce the demand for domestic currency. To prevent the
reduction in demand for domestic currency from raising the domestic price level, an
accommodating reduction in domestic money supply must occur. Note.also that
giugn the money supply in the foreigh country: the optimal domestic
money supply in general responds to expectations of all types of ghocks, both
domestic and foreign and both monetary and real. Using (3.8e), (3.8f) and (4.5)
and noting that the optimal (least squares) predictor of some variable z, given

e, is given by

-1
2
(4.24) E(zt Yy = E(et) E(ztet). e

Iet t
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we cobtain

-1

‘ % 2
4.25 =
( a) E(v.|e,) sno ) e,
‘ * 2
(4.25b) E(vle) = -shmo,) e,
¥
s —1
(4. 250) E(u® = —atr
(ule,) AT G o] e,
=1
y _ * 2
(4. 25) E(uile) = -Mfar o y[ e,
u
'ky _ F 2 -1
(4. 25e) E(u.” [e,) Ao g *yZet
u
_ &2 2 *
(4. 25f) T = o w4 (mr y2a 2
v e
v u
o~ -1 * *
(4. 25qg) A2 1-A (r a-ma)
(4.26) 2 = o2y o2 =BG s a2 = EGED; 02 = E(WDD); o,
: 9 €7 T kT £’ e Yt ’Uuy_ Yl Y

Assuming the system given by (4.2) and {4.23) to be of full ramk, the

*
Nash equilibrium solution for a and a is given by:

-1 * 2 * 2
& omm o ~ T Qg
uy v
(4.27) a=B+—7 T * 2 %=1 * 2
i%ige] + 9§ oanm o + & o W,
ue uy l.ly
%] % % 2 . 2
. -5 ocm'rcsu* ncv*
(4.28) a ="+ -1_* 2 *-] * 3
™ o+ % om o + 3 o Tg %
u® " o
. 2 22 2 2 22 2
or, noting that o_ =a o _+0 and ¢ , =0 0 4, +0 .
v Y Tm . y m
u u W u u
=1 ® 2 % 2
[y omT o -T qg
uy U.m
(4.279 a=k+—%3 -1_*2 *=1 %7
4 ] + 6 ar o+ g o To
u tiy u
*_i. % 2
@ ‘
a mo *y'i";lT(j‘,i'-*H.1
] a*:.‘- . *+ u u _
(4.28") -B P B B o

2
E ((uiy) ).
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B is the (absolute value of the) elasticity of demand for domestic
money with respect to the expected proportibnal rate of depreciation of the
domestic currency and —S* the corresponding elasticity for the foreign
currency. In a currency substitution framework they can be viewed as the
exchange fate speculation elasticities of home and foreign currency respect-
ively. The first terms of (2.27) or (4.27') aud (4.28) or (4.28') therefore
suggest that monetary policy accommodateschanges in the demand for
money due to unanticipated changes in the exchange rate, thereby neutralising
the effect of unanticipated exchange rate changes on the price level. This
policy insulates the economy from real effects of unanticipated exchange rate

changes. Remember that since e = 0, a monetary rule coutingent on e

t]t-1 t

is a monetary rule contingeut on the deviation of the actual exchange rate
in period t from the exchange rate for period t anticipated in period t-I.
as all disturbances are i,i.d and there are no other sources of inertia in the

12/

modal (épecifically mt-t—l= Q) , rational expectations are regressive.—~

To the extent that monetary policy does accommodate swings in speculative
demand, monetary authorities "lean with the wind", in the foreign exchange
market, i.e. expand the money supply when the price of domestic currency 1is
lower than had been expected and conversely, i.e. a > 0 and a* < 0. Such a
policy will exacerbate movements in the exchange rate, as can ba secn from
equation (4.29), the reduced form expression for the exchange rate.

* -1

* * g * -
(4.29) e = (v - ﬁvt - T ut)(A - T a+ ma)

The denominator of the second term on the right-hand side of (4.27") and
(4.28") is positive. Thus an increase in the variability of the demand for
domestic money (U2m) will reduce the degree to which the authorities lean with
the wind and may :Ven reverse this policy. An expected increase in the demand
for domestic money will be associated with an unanticipated appreciation of
the home currency. Rather than contracting the money supply as would be optimal

if the main socurces of uncertainty were foreign, optimal monetary policy will at

least in part accommodate the unexpected increase in the demand for money by
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expanding the money supply.

The variability of fbreign money demand has no effect on optimal domestic
monetary policy, however. This result may seem surprising since, from (4.7)
and (4.8), foreign monetary shocks do affect domestic income and, from (4.9) and
(4.10), domestic monetary pelicy, giveﬂ foreign monetary policy, does respond
to perceived shocks in the demand for foreign money. If foreign monetary

authorities pursue an cptimal monetary policy, however, they minimize the effect

of their own monetary disturbances. Domestic monetary policy can then ignore

such disturbances.

An increase in the variance of domestic income shocks raises the optimal
degree to which monetary authorities should lean with the wind. A positive income
shock raises the demand for money and appreciates the exchange rate, To offset
the effect of a positive income shock authorities should contract the money supply.
Hence when exchange rate variation is caused in large part by instability in the
supply of domestic output, monetary authorities should act to augment exchange rate

changes.

The variability of foreign output shocks, unlike the variability of foreign
monetary shocks, does affect the optimal intervention policy. A positive foreign
output shock will tend to depreciafe the exchange rate and engender a foreign
monetary action which further depreciates the exchange rate. (In contrast, a
foreign monetary disturbance engenders an offsetting foreign monetary action).
Foreign output shocks thus create exchange rate variability which is unrelated to
domestic disturbances. Any response designed to offset the effects of domestic
shocks, as perceived through exchange rate variation, on domestic targets will be
diminished. As c.f rises, coptimal domestic policy is aimed increasingly at

¥
offsetting speculative behaviour.
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For the same reason increased variability in shocks to the purchasing power
parity relationship also reduce the extent to which monetary policy can offset

2
the effects of domestic shocks on income. As 0o o rises, then policy should

u
increasingly isolate the domestic price level from the effects of exchange rate

speculation.

it is interesting to consider monetary policy in four special cases of the

model,

(a) No domestic shocks

2 2 . . .
When o =g o= 0, there are no domestic sources of disturbances in
u u

the home country. The only shocks it faces are exchange rate disturbances
- resulting either from the stochastic nature of the purchasing power parity

2 . . 2
relationship (o e 0) or from uncertainty in the rest of the world (0

m’
2 u u
O hy > 0). In this case (4.27 ') reduces to a = 8. If there were no sources
u 2 2
of disturbances internal to the foreign country (o &y = O #m = 0) (4.28') re-
u u
duces to a* = —B*. The money supply rule is entirely accommodating.  When

the exchange rate depreciates unexpectedly, the money supply expands. In the
absence of changes in the money supply a depreciation of the exchange rate

creates expectations of appreciation (since e 0). These expectations increase

t+1/t

the speculative demand for home country money which would lower the home country
price level and therefore income. To offset this, the monetary authority

acts so as to accommodate exactly the higher money demand with a higher supply.
Therefore, a country facing shocks largely from abroad through the exchange

rate will adopt a monetary rule that exacerbates the exchange rate changes

in order to stabilise real income.
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(b) No domestic shocks and no currency substitution

If there are no domestic shocks and if the demand for domestic currency

is inelagstic with respect to exchange rate changes (i.e. if ¢ y2 =0 2 =8 = 0)

u u
then the optimal money supply is independent of the exchange rate (a = Q). Thus,
except in the improbable event that the various components of (4.27') cancel
exactly, a policy of free flocating is optimal if and amly if (1) the demand for
money is interest inelastic and (2) there are no domestic disturbances. Even
if the demand for money does not depend on the expected change of the exchange rate
(i.e. Lf B= 0) exchange rate changes signal in part domestic'shocks to which the money
supply should respond. This result is analogous to Poole's (1970) finding that in
the closed economy IS-LM model the optimal money supply is invariant to the interest
rate if and only if (1) the demand for money is interest inelastic and (2) the

economy 15 not subject to a variable demand for money .

(&) No real or purchasing power parity shocks

When the only source of uncertainty is in the demand for either currency

(i.e. when ¢ 2 - g 2 =g e2 = 0) then policy makes the supply of money perfectly

u u*y u
elastic. The exchange rate is pegged. This result is analogous to Poole's
finding that for a closged economy a policy of fixing the interest rate is optimal
when the only source of disturbances is in the demand for money. Note that if
pegging the exchange rate is the optimal policy for onme country, it is so for both.

Unless the two countries peg at the same level, however, the model become

inconsistent.

(d) Infinitely elastic currency substitution

If individuals view domestic and foreign currency as perfect substitutes then
*
B =R == and a policy of pegging minimizes income variability even if the economy
is subject to real disturbances. If the authoritiés fail to peg the exchange rate,

exchange rate changes will subject both economies to wide swings in the demand for

money. These will create large price changes which will in turn destabilize
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income. Again, consistency. requires that monetary authorities peg to the same

exchange rate.

5. Optimal Exchange Rate Management when Minimising the Price Forecast Error
is the Objective

So far we have assumed that the policy makers objectives are to minimige
— —%
output variation around the ex ante expected natural rates (yT =¥, = 0).
One might assume, instead, that policy makers are concerned with the deviation
*
. - _ .y TF =7y .
of income around the ex post actual natural rates (yT Uy Yo up ) which

are unobserved contemporaneously. Such an objective is equivalent to mini-

mising price forecast errors since

(5.1) 3y, - ul = 0@y = Pyfyay)

and

, * Y*_ %* *_ *
(5.2) vy mup =@y T Py

The alternative specification of objective functions as
(5.3) Elty, - u)2|a,.]
t t t

and
* % 2,
(5.4) E v, - v [2)

is plausible if one believes that price forecast errors themselves, rather than
output fluctuations, are a primary source of inefficiency. If such a

specification is adopted, optimal policy rules are derived for the home country

b h i - . *
¥ choosing a such that E(y, Utlﬂt) = 0, given a~ and forthe foreign country

by choosing a” such W = i
v g uch that E(yt ut|nt) = 0, given a. This yields

2 2
G.5) a=8- (o +a’at )T +ab)o ]
o v e
u u u
* ® 2 %2 2 i * % 2
(5.6) a ==f + (0o +0 0,IM0 +ae ) ]
u ‘ua u

Supply uncertainty now contributes toward the optimality of a policy of ex-

change rate stabilisation (leaning against the wind in the exchange market)

rather than the opposite. The reason is that an unanticipated increase in
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output, eeterie paribus, will increase money demand, lower the price level and
cause the currency to appreciate. To eliminate the unanticivated price decline

money expamsion is now appropriate, dampening the exchange rate change.

The variability of foreign shocks, regardless of whether they are monetary
or real in origin, has no effect on optimal domestic monetary policy. The
domestic effects of foreign shocks of either type are minimized by optimal foreign
monetary policy. Each monetary authority, in other words, acts to offset the

effects of local shocks on both itself and the other country.

Regardless of the wvariability of money demand or cutput supply shocks in either
economy, if the purchasing power relaticonship is non-stochastic a policy of pegging
the exchange rate is optimal, In this case if the exchange rate is fixed then so

are prices.

G. The Cooperative Pareto-Optimal Sclution

8o far we have assumed that each monetary authority acts independently
to attain a domestic policy objective, taking the monetary policy of the
other country as given. In this section we compare such policies with those
that would arise if the two monetary authorities were to cooperate in setting
monetary poelicy to attain a mutual objective. To derive the set of Pareto-
optimal policies we assume that policy makers jointly set monetary policy in
period t to minimise an objective of the form -

o -

(6.1) WTZtE[ 2188, + W*TZtE (622481  ww >0

in period t.

%
As section 4 demonstrated, however, current values of m, and m. do not
* * ] " ]
affect values of yT,_and'yT for T>t. Choosing mt to minimise

* a [ a
(6.1) is equivalent to choosing m_ and m, to minimise
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~ 2.
6.2)  wEGAIE) + vy, |3,
=vE(y, -E(y |20 %[2,] +v"E|v;-E(r) Eat))zlfﬁ;[

s wlBly, |8)17+ v B OP

From footnote 11 it follows that the first two texms of the

* . e s
right-hand side of expression (6.2) are independent of m, and m, . Minimising

* a 3 + . - 3
(6.2) with respect to m_ and m then, 1s equivalent to minimising

t t?’
6.3 el 3070 + w670

First order conditions for a minimum are

d *
6 .4 E(-&-Iﬁ)+w*E(*—¥5lﬁ)=o
©.4) WELY dmt‘ t e dmt b
*
dy, . Ay L
(6.5)  wE(y, — |8) + w(y, —5 18) =0
dm dm
t t
* *
dyt dyt dyt dyt
Ty T Tk s and —% 4are constants. These first—order conditions
dmt dmt dmt dm

- * .
therefore obtain when m, and m, satisfy:

6.6)  E(y ) = Byl = 0.

. . ) *
Since (¢.4) and (6.5) are linear functions of m_ and m o, the values of m

t t

and m: which satisfy (6.6) constitute a unique solution. These are exactly
the same values of m_ and mt which satisfy the Nash equilibrium. In our
model, then, the Nash solution is also the unique Pareto-optimal solution.
This result is not surprising since, in our model, each country has one in-

dependent instrument, its money supply, and one independent target, the level

of its income. In such a context there are no gains from poliecy coordination.
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To show that the equivalence of the Nash and Pareto-optimal solutions
does not generalise to systems in which there are more targets than instruments
consider a system in which one or both countries also have exchange rate sta-
bilisation as another goal, i.e. in period t the home country seeks to minimise.
= ~ ~
(6.7) ETEt[E(y% +w 2| 8,1 w >0

while the foreign country minimises

[~

%2 * 2o~ =
(6.8) E ) [E(y, +wer|R)|0] w > 0
T=t

so e *
First—order conditions for Nash equilibrium values of m_ and m are

t
given by

. dyt det

(6.9) E(y[ﬂ)—+we — =0
tt t d t dm
e t

*

* - dy % de

©.10)  E@[8) —x+we —f=0.
dmt dmt

* »
With weights of w and w placed on the home and foreign countries’ objective

functiors, however, first-order conditions for Pareto optimal values of m,

*
and m are
* de
dy dy t
- k&, . * %
(6.11) wE(ytlﬂt)—-£+WE(y [8,) =&+ (w +ww) — =0
‘ dm ot dm dm
t t t
d dy" d
- ¥ T % x U€
(6.12) wE(y,|2,) —5 v E(v |8 —%tutve) —=0
d111t dmt c‘lmt
*
These are not equivalent to (5.9) and (56.10) except when w = w = 0,

The Nash solution is not, in general, Pareto optimal.
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7. Conclusion

This study of optimal menetary pelicy or exchange rate management in
intexrdependent economies has abstracted from many real-world complications to
‘obtain a transparent structure. Nevertheless, a number of results are likely

to be robust under further generalisations of the model:

1) . Neither a fixed nor a freely-floating exchange rate is likely to be
optimal, COptimal monetary pelicy in general requires a finite response of

the money supply to the exchange rate,

2}. Cutput stabilising monetary policy may well require "leaning with
the wind" in the foreign exchange markets, expanding the money supply when the

home currency depreciates, thus increasing the volatility of the exchange rate.

3) . Monetary authorities can stabilise real variables when private and
public opportunity sets differ. In our model the monetary authorities are
able and willing to egtablish {cne period ahead) contingent forward contracts
making the money supply in period t a known function of the contemporaneocusly-
cbserved exchange rate. The private sector is assumed not to make exchange-rate
contingent forward contracts. This asymmetry creates an opportunity for
ocutput stabilising {(or destabilising) current exchange rate-~contingent monetary

policy.

4) . There are likely to be gains from policy coordination.
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Footnotes

Buiter would like to acknowledge financial support from the N.S.F.

Earlier versions of this paper were presented at the Ninety-Second Annual
Meeting of the American Economic Association, Atlanta, Georgia, December
1979 and at the First Annual Conference of the Society for Economic Dynamics
and Control in Cambridge, England, June 1972 . Stanley Black, Paul Krugman,

Marcus Miller and Douglas Purvis made useful comments.

In this respect our model resembles that of Boyer (1978) and Roper and
Turnovsky (1280). They, however, consider a single open economy
characterized by Keynesian unemployment. 1In a closed economy setting the
current response issue has been studied by - 6. Woglom (1979) and

McCallum and Whitaker (1979).

In a very different model Canzoneri (1279) obtains a similar result.

A time-consistent policy or plan is a sequence of rules, one for each period,
which specifies policy actions contingent on the state of the world in that
period. Each rule has the property of being optimal given the subsequent
elements in the sequence. When the current state depends on anticipations

of future states, such"optimal' time-consistent policies may fail to take
account of the impact of future policy measures on the current state through
the changes in current behaviour induced by anticipation of these future

policy measures. In such models, the optimal plan in subsequent periods

may therefore not be the continuation of the first-period optimal plan over the
remainder of the planning period, i.e. the optimal plan will not be time-

consistent. See Kydland and Prescott (1977), Fischer (1380), Buiter (1980

a, bl).

If i » t for some i, that is i1f the current state is a function of current
or past anticipations of a future state then the time inconsistency problems

referred to in the previous footnote may arise. In the model developed in
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sections 3 through 6, the time-consistent policy is also the optimal
policy even though expectations of the future exchange rate influence

the current exchange rate.

In the modern theory of optimal policy design in stochastic meodels,
achievement of convergence has been replaced by the more general cbjective
of minimizing deviations of target variables fram their desired wvalues
over some finite or infinite time horizon. Nevertheless, the distinctions
we have made about different forms of decentralization extend to the

Mundellian problem.

Trivial exceptions arise when B, =o&_ =0 or when o, B, =a_ B

17 % 21 7% In

2"
this case the model is in neutral equilibrium irrespective of policy.
Contracts which do not allow wages to respond to contemporaneous data might
arise because such data are not available symmetrically to workers and

emplovers, leading to problems of moral hazard. See Eaton and Quandt (1979)

for a discussion.

Barro (1978) also assumes that the demand for money responds tc expected

exchange rate changes in his model of monetary policy in a small open economy.

We assume away all problems of non-uniqueness through extranecus information.
The information sets of all agents are therefore limited to variables which
appear in the structural model, given expectations, that is to market
fundamentals in the sense of Fleod and Garber (1979). See also Taylor

(1977) .

Kydland (1976) provides a discussion of optimal stabilisation policies

in a two~country, multi-period context.
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First note that E[Ytzlet] =

E[[yt- E(yt|et”2|et] + |E [Ytl\et] 2

In our model Yy and e _ are jointly normally distributed.
The conditional variance of y, is independent of e, (see e.g. Hoggp
and Craig (1965), pp. 63-65 and pp. 102-104.and Buiter (1979b)). It

is therefore also independent of any known linear function of e,

*

P s s 2 . .
such as m, or m_. Minimising E[yt |et} 1s therefore equivalent to

2
minimising {é[yJ etI] . This is achieved by choosing a

such that E{ytIet} = 0.

Sce Harris and Purvia (1979) for a single economy model of exchange

rate determination including permanent as well as transitary disturbances.
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