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ABSTRACT

Since the breakdown of the Bretton-Woods system in the early
1970’s, the debate about coordinating the macroeconomic policies of
the major countries in the world economy has intensified. There is a
perception that the current "non-system"” has lead to macroeconomic
policies in major countries which are counter~productive for the
world as a whole. Indeed the question of reforming the world
monetary system is a question of designing a set of "rules of the
game" within which countries can pursue their owa national objectives
and yet which still leads to soms form of global coordination of
macroeconomic policies.

The issue of strategic interactions bet countries has

recently received soma analytical insights with the applieation of

A A ot

game theory to the economics literature on inter

countries. The purpose of this paper is to survey these recent
applications of static and dynamic gams theory to the question of
international policy coordination. It also surveys the results of
the few empirical attempts to measure the potential gains to

coordination.
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THE ECONOMICS OF INTERNATIONAL POLICY COORDINATION

N e ——————=

Warwick J. McKibbin

1. Introduction

There is a vast and growing literature on economic
interdependence and the issues assoclated with coordinating the
economic policles of the major industrial economies. Much of the
recent theoretical literature on coordination has concentrated on the
issue of whether coordination of macroeconomic policies between
countries is better than non-coordination of policies. The first
._pa:t ©of this paper surveys this theoretical literature. The second
part briefly surveys the empirical studies that have been undertaken

to assess the size and nature of potential gains to policy

coordination.

2. Theoretical Analyses of Policy Coordination

The early work of Meade (1951) pointed to the problem of policy
conflicts between countries. Cooper (1968) further developed the
major themes of coordination given this policy interdependence.

Since the mid 1970’s, there has been a surge ina rigorous technical
analyses of the problem of coordinating macroeconomic policies. Two
main approaches have been taken in the economics literature., The

£irst examines the international transmission of economic
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distu:bances" and draws conclusions on policy conflicts. The second
has been more technical in applying techniques of game theory to
address the issues of policy coordination, The latter spproach is

generally credited to the pioneering work of Hamada (1974), who built

on the classic Tinberg inst ts and targets approach to policy
used in Niehans (1968) and Cooper (1969), to analyse strategic

tary interdepend 4 a fixed exchange rate regima.

The Hamada study and numerous subsequent papers under both fixed
and flexible exchange rate regimes, used techniques from static game
theoryz. In these models, the inefficiency of policy depends on a
nunber of factors, including: the way in which policy is transmitted
between countries; whether £iscal or monetary policy (or both) are
the strategic instruments; and the targets of policymakers. 1In
models of fixed exchange rates, the atrategy centres on manipulation
of reserves. For instance, Hamada (1974) showed that under a £fixed
exchange rate regime, the desire by each country to accumulate
reserves, can lead to over contractionary monetary policies in an
attempt to generate balance of payments surpluses. Similarly, V
Eichengreen (1985) £found that under a fixed exchange rate system

based on the gold standard, non-cooperative manipulation of central

1 See Mussa (1978), Bryant (1980) and Marston (1985) for
comprehensive discussions of the transmission of omic disturb
under alternative exchange regimes.

2 studies of strategic interactions using static game theozy
include those by Hamada (1976), Hamada (1979), Eichengreen (1985),
Corden (1985), Canzoneri and Gray (1985), C ri and Hend (1986)
and Roubini (1986a).
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bank discount rates tended to be over contractionary as policymakers
attempted to accumulate gold.

In the models assuming a flexible exchange rate regime, the
policy conflict is focussed on the exchange rate. In such a regime,
Canzoneri and Gray (1985) show that -vhen monetary policy is
negatively transmitted between countries, and policymakers care about
output and long-run inflation, the Nash-Cournot equil.i.b:iums is over
expansionary because policymakers attempt to expo:i: short-zun
unemployment. In contrast, Oudizr and Sachs (1984) point out that in
the case of negative transmission of monetary policy, the Nash-
Cournot equilibrium can be over contractionary if policymakers care
about short-run inflation because they attempt to appraciate the
exchange rate and export inflation. Assuming both monetary and
£iscal policy instruments are available, McKibbin and Sachs (1986a)
show that, in response to an inflationary shock, each country follows
a policy mix of fiscal expansion and monetary contraction in an
attempt to export inflation and offset the recessionary effect on
output. Canzoneri and Henderson (1986) consider the difference
between symmetric and asymmetric shocks. They show that although the
Nash-Cournot equilibrium is over contractionary for symmetric or
global shocks, it can be over contractionary for one country and over
expansionary for the othex _countzy, in the case of asymmetric shocks.

In summary, the literature using static game theory has found

that the Nash-Cournot equilibrium can be over expansionary or over

3 The Nash-Cournot equilibrium is based on the assumption that
each policymaker does the best he can taking as given the behaviour of
the other policymaker.
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contractionary relative to the cooperative equilibrium. This depends
on the transmission of policies, the type of shocks and the
objectives of policymakers. The main conclusion is that the Nash-
Cournot equilibrium will in general be suboptimal and therefore there
are gains to coordinating macroeconomic policles.

Recently, the focus of research has shifted to the intertemporal
aspects of economic interdependence. With this shift has been a move
to dynamic gama theory in analysing the coordination issue. The
collection of papers in the Buiter and Marzston (1985) wvolume
especially Oudir and Sachs (1985), Currie and Levine (1985) and
Miller and Salmon (1985) provide coxprehensive analyses of the
problems that emerge in dynamic games. In these papers it is shown
that the issua of time consistency discussed in Kydland and Prescott
(1978) can be meo:tant.‘ Generally, in models with forward looking
agents, the optimal control policy which is chosen in period t to be
f£ollowed in the future, will no longer be the desired policy if re-
optimisation is undertaken in periocd t+l. This occurs because
private agents have precommitted their actions in period t, based on
the announced policy to be followed in the future. Given the
precommitted actions, the policymaker will have the incentive to
change policy. A tima consistent policy can ba defined as a policy
which is optimal taking as given that the policy will be followed in

the future .5

4 For a survey of this problem see McKibbin (1987) .

5 ghe time consistent policy satisfies Bellman’s Principle of
Optimality: "An optimal path has the property that whatever the
dnitial conditions and contzol values over some initial period, the
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The introduction of intertemporal considerations and dynamic
games can also lead to cases where cooperation is not always
beneficial. One example where this can arise is when tima
consistency is imposed on the policymakers. This point was first
demonstrated by Rogoff (1983) who examined for both closed and open
economies, the case in which a monetary authority and a wage setting
body act strategically. The key to this result is that the wage
setter moves ‘ﬂ.:st in selecting a nominal wage and the policymaker
then decides on policy. - The policymaker has the incentive to
announce a low expected price level to commit the wage setter to a
" low nominal wage. Once the wage setter has chosen the wage, the

policymaker then has the incentive to d monetary policy to

!

achieve short term gains in output. In the closed economy, the tims

consistent equilibrium is inflationary b the £ rd looking
wage setter seeks a higher wage in anticipation of the policymaker’s
incentive to inflnte away the real wage for output gains. In an open
economy the threat of a depreciating exchange rate provides
additional discipline on the policymakex’s actions. Cooperation
between policymakers in a two-country world, removes the exchange

rate constraint and both policymakers go for global inflation. The

result is higher inflation and lower output than under non-

cooperation.

control over the remaining period must be optimal for the remaining
problem, with the state resulting from the early decisions considered
as an initial condition". Kamien and Schwartz (1981) pp238.
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To illustrate this point and the general issues that arise in
the formal analyses found in the literature, the remainder of this
paper will develop and analyse & two-country Mundell - Fleming ~
Dornbusch style macroeconomic models. The analysis here concentrates
on tha case of coordination under flexible exchange rates.
(a) Static Analysis

Consider the following model which is frequently used to analyse
the issue of coordination under flexible exchange :ates’. There are
two symmetric countries. Foreign variables are denoted by a star

superscript.

(2.1) m-p=ég - Bi
(2.2) q = -§(p-e-p’) - of

2.3) % = (1-a)p + a(p'+e)

2.4y 4=41"

where:

m = log of nominal money balances;

p = log of price level;

q = log of real output;

i = level of interest rate;

e o exchanga rate defined as the domestic curzency price of
a unit of foreign currency;

p°= consumer price.

6 See Mundell (1968) and Dornbusch (1976).

7 See Cooper(1985) and McKibbin and Sachs(1986a).
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Equation (2.1) is a standard IM curve expressing money demand as
a function of real output and the interest rate. The IS curva is
given in equation (2.2), where output is a function of the interest
rate and the real exchange rata., Prices aze assumed to be sticky and
therefore real and nominal interest zates are equal because there is
no expected inflation. Equation (2.3) gives the price of the
domestic agents consuzption bundle as a function of the prica of
domestically produced goods and the price of imports. Finally, the
interest parity condition is given in (2.4). Capital is assumed to
be perfectly mobile internationally and domestic and foreign bonds
are perfect substitutes. The exchange rate is expected to remain
unchanged. An equivalent set of equations apply for the foreign
country. Prices in each country are normalired as P=P*=py >0, and
the assumption of sticky prices implies that dp=dp*=0.

The model can be solved to determina tha transmission of

policies between countries. Solving gives:

2.5 g =0Qm- am" - (@,-0,)p,

2.6) g = Q- Q@ - (Q-D,)p,

vhere:
200 + B
01 L]
6(209 + 2P)
B
nz a

$(20¢ + 20)



(2.7 es= (m -.n‘)/zso

(2.8) pS=py + 7 m~ ) where Y = a/25¢

From equations (2.5) and (2.6) it can be seen that a monetary
expansion in the home country raises homa country output and reduces
foreign output. The policy is negatively transmitted to the foreigm

tzy b it a real depreclation of the exchange rate

which reduces foreign competitiveness. It also raises domestic
consumer prices and lowers foreign consumer prices through the
exchange rate depreciation. ‘

Now consider the implications of introducing optimising
policymakers in each country. Assuma that policymakers in both
countries choose monetary policy (m) to minimise a loss function of

t!ie form:
2.9) U= (¢ +upD

Policymakers care about deviations of output and consumer prices from
their desired levels (which are normalised to zero). | is the
relative weight getached to consumar prices relative to output. Note
that including the level of consumer prices in the loss function is
equivalent to including the rate of infllﬁion because the model is

static.
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First, we examine a non-cooperative equuuazl.un.s Assume that
each policymakers in each country chooses monetary policy to minimise
(2.9), taking as given the policy rules of the other policymaker.
This is the Nash-Cournot equilibrium,

Since the countries are assumed to be symmetric, it is
convenient to consider the problem from the perspective of the home
countzry. By differentiating (2.9), it can be seen that the

policymaker should set:

(2.10) g (3g/0m) = -u p¢ (3p°/3m)

.Substituting (2.5) and (2.8) into (2.10) gives:
@m = Q" - (@-0ypg) By = -hipg + V= - &Y

which can be rewritten as:

(2.11) m=T, o +T,p

where:
r o= 0,0, + w’ , . 0, (Q,-0,) - py
1 012-4- p.'{z 2 012 + mz

Equation (2.11) is the reaction function for the homa country. A
similar reaction function exists for the foreignm country. Note that
;<1 since Qz < 0.. The reaction functions are plotted in fiqure

1. The Nash-Cournot equilibrium will be at the point where m = m*

8 There are a variety from which to cheose, such as a Stackelberg
equilibrium, in which one country acts as a leader, setting policy
given knowledge of the other country’s reaction function. Here wa
concentrate on the Nash-Cournot equilibrium.



Figure 1 :

M.
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(L.e. at the point where the two reaction functions intersect). To

calculate this point set m=m* in equation (2.11). This gives:

91(01"92) - By

(2.12) n= - Po
Q, (@, -05)
therefore: n < Pg ¢
P° = py?

qQ = -(HY/ﬂi)Po <o.

Now consider the outcoma when policymakers cooperate. Wea assume
that the cooperative outcome is equivalent to the case where a global
planner undertakes the optimization. Intuitively we can see from the
symmetry of the model that m=m* and e=0 in the equilibrium, Given
m—-m', (2.8) inplies that p° = Pg- The global planner understands:
that p° cannot be affected by policy and therefore the optimal policy
is to set g=0. From (2.1) this inmplies setting i 7T

It is worth considering this £rom a different perspective,
Recall that in the non-cooparative outcome, ‘Lt: was shown that the

policymakers individually should set:
(2.100  q (q/om) = - p% (3p°/2m)

The individual policymakers assumed Om*/0m=0 in the Nash-Cournot

equilibrium, whereas the global pl i T tes the externality

in policy interactions into the optimisation problem. The non-
cooperative policymakers perceive that:
3q/om = O, and dpc/om = ¥
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whereas the cooperative policymakers perceive that:

dq/im = Qy - Ry and dpc/om = 0
If we follow the same procedure to solve for the cooperative
ec_;uui.b:.lum by substituting these conditions, plus the target
equations, into (2.10) it can be shown that:

m=n = Po
is the optimal cooperative policy.

A comparison of policies under cooperation and non-cooparation
clearly shows that the non-cooperative equilibrium is contractionary
relative to the coépeutive equilibrium, Output is lower and the
interest rate is higher than in the cooperative outcoma. This arises
because, taking as giv]en the policy of the other country, each
country perceives that it can bes made marginally better off by
appreciating its currency and exporting inflation to the foreigm
country. Since b&th countries pursue this strategy in the symmetric
case, the exchange rate does not change but policies are over
contractionary. In figure 1 this is shown by the location of tha
Nash equilibrium (N), which is located to the south-west of the A
cooperative equilibrium (C). Addi.n§ various shocks to the model will
not change the result that cooperation is welfare improving.

(b) Dynamic Analysis

Incorporating dynamics into the above model changes the nature

of the game being played. For example, the question of time

consistency can become important. We will first consider a closed

economy in which wage setters are £ rd looking and have complete

knowledge of the government’s policy optimization problem. The issue
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of time consistent versus optimal control policies will be explored
in this closed econcmy framework. The implications of time
consistent policies for policy coordination is then be investigated
in a two-country model.

(1) Closed Economy

This section will demonstrate the results presented in Barro and
Gordon (1983) although tha model is very different to the Barro-
Gordon model. In Barro and Gordon (1983), the policymaker loses from
inflation variability but gains £rom highez output. Higher output
can be achieved by generating unexpected inflation through a Lucas
supply function. Here the policy problem is written differently.

The policymaker is as.s'umed to minimise a quadratic loss function of
output and inflation. The tima consistency problem arises from the
policymaker and the wage setters having a different desired real waga
and therefore a different desired level of output.

The policymaker selects the policy variable (m) to minimise the
following quadratic loss function subject to tha structure of the
economy as shown:

£ 2 2
(2.13) Min I, 5 ((q- q)” + Hr")

subject to:

(2.14) Py = % +aq
(2.15) qQ = - Py
(2.16) ’tt = P - ) DY

(2.17)  weyy © ¢Pesa
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The notation is the sams as above with the addition that § is the
discount rate for the policymaker, w is the nominal wage, and % is
the rate of inflation. Equation (2.14) is an agg:egaée supply curve
rewritten as a markup equation for the price of outpuﬁ. Money market
equilibrium is given by equation (2.15). Note that interest rates
are temporarily dropped to simplify the analysis. They will be
included in the open economy model below. Equation (2.17) contains
the assunmption that wage setters have rational expectations; in
period t, wage setters choose the wage to be effective in period t+l1,
based on the expectation of the price in period t+l conditional on
all the information available in period t. 1In this problem wage
setters implicitly have a different dasired level of output (given
the desired real vage)' than the policymaker. Desired output for the
policymaker is C0) and for the wage setters is equal to 0.

The timing of the game between the policymaker and the wage
setters is crucial. In this particular model, if policy is
implemented before tha wage is chosen, the isasue of time consistency
is no longer relevant. The solution in this case will be equivalent
to the optimal control solution of the original problem. Consider
this case first.

To solva this problem, note that (2.17) is rewrzitten as
¥, = p.. Wages are set each period based on observed prices. From
(2.14) it can ba seen that this implies qt=0. Rewriting the
constraints (2.14) to (2.17) with the targets (q,n) as functions of

the state variables (Pt-l) and the control variables (m) gives:
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(2.18) q, = 0
(2.19) ® = m - Ppoy

The particular structure of the model implies that (2.13) can be
differentiated for any period to £ind the optimal policy for each
period. The dynamic game can be viewed as a sequence of one period

static games. The policymaker should set:
(2.20) (g, = qp) (9q/0m) = -pm, (dn/dm)

Differentiating (2.18) and (2.19) and substituting into (2.20) it can

be shown that the optimal policy is:

Ty T Peey

This implies q = 7, = 0. The policymaker cannot affect output by
monetary policy alone, when the wage setters are given the second
move, In this case the optimal policy is time consisteat because
the policymaker never has an incentive to cheat on the wage setter
when the wage setter has the second move. Tha time consistency of
the optimal control solution is a problem when the wage setters
choose a wage before policy is set.

Suppose now that wage setters choose a nominal wage before the
policymaker implements policy, based on the announced optimal control
policy m, = pP._,. To solve this, it is convenient to write the
model with target variables as a function of state variables (w,

Pt-l) and control variables (m):

(2.21) q = (m ~ w )/(14a)
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(2.22) m, = o m/(l+0) + w/(140) < Pey

Now we assume that w, = Pp_g. pifferentiating (2.21) and (2.22) and
substituting into the policymakez’s £irst order condition given in

(2.20) we now £ind:
(2.23)  m = Py + (14007 (4R

Substituting into (2.21) and (2.22) and assuming W.=pg_q gives the

zesults for the target varlables:
(2.26) g = (1/(+%0) qq
(2.25) =m = (@/ (1+a%)) a

Notice that once the wage satters have precommited their wage based

on the announced policy, the policymaker has the i tive to r

on the announced policy of zero inflation and to follow an
expansionary monetary policy. This is shown in (2.25). The
policymaker now expands monetary policy until the benefit from an
extra unit of output is offset by the cost of an additional unit of
inflation. The optimal policy is therefora shown to be tima
inconsistent; onca the policy is announced the policymaker has an
incentive to change the policy. The optimal policy will not be
observed if the wage setters are forward looking (unless soma
reputational mechanism can be established) because the wage setters

fully understand the policymakers incentives.
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We now want to f£ind a ti.me-conslstén!: policy. To aid in solving
for the time-consistent equilibrium, the model can again be rewritten
with the target variables (q,%) as functions of the control variable
_(m) and state variables (v,pe_,.). Define the value function (V) as:

(2.26) v, = Max L pn 2} + 8y
CNLWETER

subject to:
(2.27) 9 = ((1/140)) (m, = ¥ )
(2.28) m, = (x/(+a)) m + ({1/7¢140))wg = Peog

Note that the wage in periocd t is now 2 state variable fo the
policymaker. To £ind tha time-consistent solution to this problem we
will us a dynamic programming technique of backward recursion. First
we £ind the solution to the finite horizon problem then take the
1imit of this problem for the infinite horizon case.

Suppose period T is the final period and V.4 *= 0. The

optimization of (2.26) requires that the policymaker should set:
(2.29) (ap = 9p) (Bq/dm) = -y (or/om)

pifferentiating (2.27) and (2.28) and substituting into (2.29), gives

a rule for the control variable in period T:

(2.30  my= —prmt (Qeoivg + (H@qy + C(HkPy)
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This is the time consistent, closed-loop’ rule for the control
variable (my) expressed as a function of the state variables (wp and
Pp-1) and the exogenous variable (qg).

The assumption of rational expectations in (2.17) implies that
Pg™Vop in equilibrium. Given this, equation (2.14) implies that q,x.co
(i.e. output is q, less than desired by the policymaker).
Substituting w,=Pn together with the rule for m into (2.27) and

(2.28), it can be shown that in period T:

(2.31) ap =0

(2.32) my = %& e

The value function in period T is a function of 9 and is
independent of variables inherited from earlier periods, Each period
can therefore be solved independently, taking as given that future
governmants will be following the pqucy zrules in (2.30). In each
period the solution will be of the form given in (2.31) and (2.32).
Taking the limit for large T does not change the result.

The above example has showa that when wage setters have
rational expectations and a desired lavel of output different to the
policymaker, the tima consistent equilibrium will have an
inflationary bias and output will be less than that desired by the
policymaker. This is the Barro-Gordon result. Private agents know
that once they chooss a nominal wage the policymaker has an incentive

to inflate away the real wage for some output gain. Private agents

A1

9 A closed-loop policy is a feedback policy rule that links
policy instruments to developments in the evolution of the economy
whereas an open-loop policy is a specified sequence of policy settings.
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therefore have an incentive to set nominal wages at the point where
they know the policymaker is unwilling to trade off an extra unit
1oss on inflation for s unit gain on output.

Suppose that instead of rational expectations we assuma that the
wage setters choose a wage for pariod t¢l based on the price obse:vad._
in period t. The assumption w .., = P is the same assumption that we
used to solva for the case where the policymaker announced & policy
of zero inflation and then optimised given that wage setters believed
the announced policy. These results were givean in (2.24) and (2v.25).
In this case, the economy still has an inflationary bias if wage
setters desire a lower output level than the policymaker. However,

the bias is much less.

(44) Two-country model

Now consider the implication of having two countries where wage
setters in-each country interact strategically with the policymakers
and the policymakers interact strategically across countries. The
analysis will demonstrate the point mada by Rogoff (1983). We
introduce forward looking wage setters and a forward looking foreigm
exchange market into the model above. The foreign exchange market is
assumed to consist of inauy small agents who individually perceive
that their actions have little impact and therefore do not act
strategically. WVa can therefore take their actions as conditioned on
the policy settings. Wage setters on the other hand are assumed to
be members of a union which is larga enough to act strategically with

the government., To facilitate the analysis we combine the model
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1isted in equations (2.1) to (2.4) with the simple closed economy
model just analysed. The problem will be first solved analytically
for the two period case and thea will be solved for the infinite
period casa.

The home country equations become:

(2.33) m -p =6 q - Bi

*.
(2.34) q = -8(p, = P ¢ ) = or,
(2.35) % = (11p + 1, + o)
N ]
(2.36) =4 4oy -0
(.37 Ty = 4 - P * Pe
(2.38) P = ¥ + 0%
(2.39) Veqp = A tpet“. + (13 pS
c (-] (-]
(2.40) T =P¢ " Pea

Thera is a similar set of equations for the foreign country. The '
main differences between this two-country model and the static two-
country model analysed abova( is the addition of the supply curve
given in (2.38), the difference between real and nominal interest
rates dua to expected changes in domestic prices and the allowance
for expected changes in the exchange rate given in the interest
parity condition in (2.36). Equation (2.39) incorporates the two

assumptions about wage setting behaviour: =1 is the case of forward
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looking wage setters; As0 is the case of backward looking wage
setters.
Non-cooperation is defined as the Nash-Cournot equilibrium where

each country maximises the objective function:
t 2 e 2
(2.41)  yax <7 oo g mgg)© + wn® ")

subject to the economy in (2.33) to (2.40) and taking as given the
policies of tha other countrias. Cooperation is defined as the casa
in which a global planner maximires a weighted averaga of the two
countries’ objective functions where the countries are equally
waighted.

Define the value function as:

Ve = Max ~E7 {(qmap)? + w2} ¢ dvy,

subject to the equations in (2.33) to (2.40).

To solve this problem, we first solve the problem in an
arbitrary terminal period T. Assume that in the last period (7T)
eps17€qr Ppyg=Pyp and Vg ,=0. This implies L-L'-:.

Consider the problem faced by the home country policymaker when
wages are set bafore policy is implemented. The target variables are
again wriiten as a function of the state variables, the control
variables, and the exogenous variables. Recall that ti\e policymaker
treats the wage set in period T as a state variable because the wage

setters choose their wage before policy is implemented, Denoting
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foreign equations with a star supe:sc:ipt, wa add (2.33) to (2.33w),

(2.34) to (2.34*%) and (2.28) to (2.28*). This gives:
(2.42) q + q* & =20z
(2.43) m+m =p +p" + olgig) - 2ps

(2.44) p + p' = w + v. + a(q-!-q')

Substituting (2.42) and (2.44) into (2.43) gives:

(2.45) g = -q" + ((mém")~(wiv'))/0
where 0 = o+d+f/c

We can also difference (2.33) and (2.33*%*) and substitute into (2.38)

and (2.38¢) to find:
(2.46) q = q = ( mm* -(w-wt))/ (o)

Using (2.45) and (2.46) wa can write thae target (q) as a function of

tha control wvariables (m and m*) and tha state variables (w and wv):

(2.41)  q = By(aw) + Pym ~w")
whare:

b [:] 1 0
p;"z—e'(l'ﬁm) ﬂz"'zo—(l'm)

Note that f, + B, = 1/0,
To solve for ©n we difference (2.34) and (2.34%) solve for e and

substitute this, together with (2.35) into (2.40) to £ind:

(2.48) 1% = w + (aty/28)q ~ (f'/20)q" - %,
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Substituting the equation for q given in (2.47) and the corresponding

equation for q* from (2.47%), into (2.48) gives:
2.49) ° = w# flmw) + @ v = Py
where:

'{1 = apl + (51’32)7/25
Y, = of, + (BB, )¥/28 and 7, + 7, = @/

Equations (2.47) and (2.49) give the targets q and n° as
functions of the control variables (n',n‘) and the states (v.v‘,
Pc:r-:.’ . In the non-cooperative case wa find the policy of the homa
country by differentiating the objective function in (2.41) for

period T and £ind:
(2.50)  (qy = qp) (3q/3m) = -pny (In/om)

Differentiating (2.47) and (2.49) substituting into (2.50) and then
using the useful trick that we know the equilibrium will be symmetric

(m=m* and w=w*), we find the rule:

By + auyy - kY0 0By 1m0 c
By &8 —— gt —— q + Ppay
By + ouyy By + auyy By + aury
Now consider the case wharae wage sett are & rd looking (ie

A=1). We have from the assumption of rational expectations that u-p°
in the equilibrium. It can ba seen from (2.49) that n=p®.

Substituting these relations into the rule for monay gives:
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By
2.51 z°, —
@.52) T 5 T
It is clear from (2.47) that with m=w ¢

(2.52) 9y = 0

This is the solution in period T. Wae have shown that the target
variables are only a function of q,. Substituting these results into
the value function given in (2.41a), we see that the value function
is only a function of qg. Each period the problem is a repetition of
the pzoblclm wa solved for perioed T. The rasults in (2.51) and (2.52)
will be unchanged as we solve the problem in each period taking as
given the policy rules followed by future governments.

Tha cooperative equilibrium can be found in a similar way. First
we solve the problem of a global planner choosing both m and a" in an
arbitrary terminal period T. In the non-cocperative case the

policymakers individually pezceived:

9q/dn = By and On/dm = Yy

In the cooperative case wa have that:
dg/dm = By + B, = 1/0 and 31:/3n-71+72=a/0

Substituting these results into the f#irst order conditions given ia

(2.50), gives a new rule for domestic monetary policy:

2

1 - job + ap 0 pad e
m, = v, + qo-l- P g
146 1+ o’ 1+0% T
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Again using the equilibrium property that we=pS we can see from the
inflation equation (2.49) that m = w = pq . Substituting into the new

rule for money gives the cooperative equilibrium in period T as:
(2.53) 1= = qy/éc

We can sea directly from (2.47) that with m=w :

(2.54) q=0

As in the non-cooperative csse, we find that the targets are

independent of the state variables. The backward recursion will

therefore lead to the sama solution in each period.

In both the perative and non P tive equilibriz, the
assumption of rational wage setters gives the sama result for output
(q=0) as wa found in the closed economy example. Tha difference
between the target outcomes is the rate of inflation. In evaluating
these, we have that ¥,/B; = & + Y(B;-f,)/ (2B45). Given that By>By we
have that 7,/B; > @, which implies that inflation under cooperation
is higher than inflation under non-cooperation. Cooperation
therefore leads to a larger welfare loss than noa-coopaxation.

In the particular example chosen, the Nash-Cournot and
Cooperative equilibria will be a sequence of repeated static gamas in
which cooperation always leads to a larger welfare loss than non-
cooperation. Note that this is different to the example in Sachs and
Oudiz (1985). The models are identical except for the assumption of

the wage setting process. In Sachs amd Oudiz the waga is set
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sccording to a Phillips Curve relation. This adds persistent via
lagged output which dissappears in this example.
To capture the result in Oudiz and Sachs (1985) now assuma that
wage setters are backward looking (L.e. A=0). Following the same

procedures to solve the model we find for mon-cooperation:

1
(2.56) q = TW—YI—/FI %)
Nota that output given in (2.56) is now greater than zero but less

than desired output qj. Solving for the cooperative equilibrium we

hava:

(2.57) n S= o =
1+a2p

(2.58) q = 12
1+a2p

Comparing cooperation with non~-cooperation wa see that non-
cooperation is more inflationary than cooperation if
11101 > @. Non-cooperation can therefore ba more inflationary than
cooperation when wage setters are baé:k\nll:d looking. This is a case
whare cooperation is now welfare improving. ]

This section has illustrated the major theoretical results in
the literature in a relatively simple £z§mawo:k. It has shown that

the transmission of policies between countries is important as is the
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assumption of government and private sactor interactions within each
economy.
(c) Uncertainty

The literature surveyed above has concentrated on the problem of
inefficient equilibria in the case of perfect knowledge of the model
and of the policymakers’ reaction function. Uncertainty is argued by
many comentators to be the major area whera gains to coordination,
through Lnfo:mit!.on sharing, are potentially :I.a:qe"o. Papezs by
Roubinl (1986), Ghosh (1986), Frankel (1986) and Blackburn (1987)
have introduced modal uncertainty into the problem. The results from
these studies illustrate that uncertainty can increase or decrease
the gains or losses from coordination, depending on assumptions about
the source of the uncertainty. Blackburn (1987) also addresses the
problem of reputation in international policy coordination, extendl.ng:
the work of Barro and Gordon (1983) to a gama batween policymakers.

The results on uncertainty, although very preliminary, do show
that the results from studies assuming perfact foresight can be
significantly changed. This area is fertile ground for future
research.

3. Empirical Analyses of Coordination

Attempts to measure the gains to coordination are rare. The
issues of interdependence have been studied in the large scale models

such as project LINK 11 4z the linked U.S./Canada model in Helliwell

10 g.e McKibbin (1985) for a discussion of this view.

11 gao Fair (1978) for an early survey of the multipliers from
the major models. Also see Bryant, Henderson et al (1986) for a recent
Brookings Conference which considered the policy multipliers of the
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and McRae (1977). These studies attempt to measure the size and sign

of the transmission of economic disturdb bet countries rather

than app;ying a gamo theoretic approach. The first attempt at an
empirical implementation of the strateglc gama theoretic approach was
undertaken by Oudiz and Sachs (1984). In this study, the authozs
used policy multipliers from several large scale models o£‘the world
economy and applied static game theory to determine the gains from
coordination. They assumed that the estimated results were generated
f£rom a Nash-Cournot equilibrium and then estimated the galns from
coordination. The results showed & very small gain,

_ Hughes-Rallet (1987) used dynamic game theory in a three-region
empizical model (consi.sting of the v;s., EEC and the rest of the
world) to assess the difference batween non-cooperative and
cooperative policy responses to the experience of the world economy
since 1974. He found larger gains to the U.5. from cooperation but
very little difference for the EEC.

McKibbin and Sachs (1985) have applied the results from dynamic
gama theory to a five-region simulation node:l. of tha world econ@ to
measure the gains to coordination. The model was calibrated using
1983 data. In this paper, the authors found small gains to
coordinating the mc:o;conom!.c policies’ of the major industrial
regions in the face of an inflationary shock, such as occurred in the
late 1970’s. Howaver, they do show that the gains to the developing

countries are potentially large. In the face of a global

major world models and Frankel (1986) for an application of the results
of this conference to policy coordination issues.
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inflationary shock, & non-coordinated disinflation results in
monetary contraction and f£iscal expansion in the industrial region.
This leads to high world interest rates and a strong U.8. dollar,
When the authors simulate the sama shock assuming a coozdinated
response, the policy mix is less extrems and world interast rates are
much lower. In these studies the comparison is the outcome of a
Nash-Cournot gama versus & cooperative equilibrium, In a further
study Ishii, McKibbin and Sachs (1985) found that if the model 1is
used to generate a future baseline (assuming OECD projections fox
macroeconomic policies rather than optimirzing policymakers) and then
policymakers optimised in 8 cooperative mannex, the result was a
substantial gain S:oxx; Acoo:dinntlon.

Taylor (1985) examined tha issue of the gains from coordination
using an estimated reduced form model consisting of the seven largest
OECD countries. Comparing the outcome of Nash-Cournot equnl.bz.!.a and
cooperative equilibria, he also found small gains from coordination
depending on the weights in the policymakers’ objective function.

4. Conclusion

This paper has surveyed many of the results found in the
theoretical analyses of policy coordination using standard
macroeconomic models of oéeu economies. It is argued that under
certain conditions policy coordination need not ba welfare improving.
Whether ox not policy coordination is welfare improving depends
crucially on the magnitudes and signs of the transmission of policies

bet tzies. Th are empirical & which deserve great
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research effort. Thers have only been a few direct empizical attempts
to address the issues of policy coordination.
The application of game theory to the issue of international
policy coordination has provided important insights into the problems

of coordination. Two lines of rch are ded to follow from the

work already produced, .The first is to incorporate uncertainty into
the theoretical models. The second is to apply the gama theory
techniques to carefully constructed empirical models of the world
économy to tast the implications of alternative proposals for the
world monetary system, An initial attespt at this has been

undartaken by McKibbin and Sachs(1986D).
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