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8STRACT 

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 "nonsystem' 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 own national objectives 

and yet which still leads to some form of qlobal coordination of 

macroeconomic policies. 

The issue of strategic interactions between countries has 

recently received some analytical insights with the application of 

game theory to the economics literature on interdependence between 

countries. The purpose of this paper is to survey these recent 

applications of static and dynamic game 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 ECOOMXCS OF INTERNATIONAL PDX.ICT COOnDIAN 

Warwick J. McXthbin 

introduction 

There is a vast and growing literature an economic 

interdependence and the issues associated with coordinating the 

economic policies of the naor 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 

part 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. 

Theoretical analyses of policy Coordinatiàn 

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 in rigorous technical 

analyses of the problem of coordinating macroeconomic policies. Two 

main approaches have been taken in the economics literature. The 

first examines the international transmission of economic 

3. 



2 

disturbances1  and draws conci.usions en policy conflicts. The second 

has been more technical in applying techniques of game theory to 

address the issues of policy coordination. The latter approach is 

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

on the classic Tinbergen instruments and targets approach to policy 

used in Niehans (1968) and Cooper (1969), to analyse strategic 

monetary interdependence under a fixed exchange rate regime. 

The Ramada study and numerous subsequent papers under both fixed 

and flexible exchange rate regimes, used techniques from static game 

theory2. in these models, the inefficiency of policy depends on a 

number of factors, including: the way in which policy is transmitted 

between countries; whether fiscal or monetary policy (or both) are 

the strategic instruments: and the targets of policymakers. Zn 

models of fixed exchange rates, the strategy centres on manipulation 

of reserves • For instance, Ramada (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, 

Eichengreen (1985) found that under a fixed exchange rate system 

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

1 See Mussa (1978), Bryant (1980) and Rarston (1985) for 
comprehensive discussions of the transmission of economic disturbances 
under alternative exchange regimes. 

2 Studies of strategic interactions using static game theory 
include those by Ramada (1976), Ramada (1979), Eichengreen (1985), 
Corden(1985), Canroneri and Gray (1985), Canzoneri and Renderson (1986) 
and Roubini (1986a). 
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bank discount rates tended to be over contractionary as policyr2akera 

attempted to accumulate gold. 

In the models assuming a flexible exchange rate regime, the 

policy conflict is focussed an the exchange rate. In such a regime, 

Canroneri and Gray (1985) show that when monetary policy is 

negatively transmitted between countries, and policymekers care about 

output and long-run inflation, the Nash-Cournot equilibrium3  is over 

expansionary because policynakers attempt to export short-run 

unemployment. in contrast, Oudir and Sachs (1984) point out that in 

the case of negative transmission of monetary policy, the Nash-

Cournot equilibrium can be over contractionary if policynakers care 

about short-run inflation because they attempt to appreciate the 

exchange rate and export inflation. Assuming both monetary and 

fiscal policy instruments are available, 24cXibbin and Sacks (1986a) 

show that, in response to an inflationary shock, each country follows 

a policy nix of fiscal expansion and monetary contraction in an 

attempt to export inflation and offset the recessionary effect an 

output. Canroneri and Renderson (1986) consider the difference 

between synmetric and aayumietric shocks. They show that although the 

Nash-Cournot equilibrium is over contractionary for symeetric or 

global shocks, it can be over contractionary for one country and over 

expansionary for the other country, in the case of asynmetric shocks. 

In sumuary, the literature using static game theory has found 

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

The Nash-Cournot equilibrium is based on the assumption that 
each policymelcer 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 policymahers. The main conclusion 15 vnat tee masm-

Cournet ecuilthrium will in general be suboptimal and therefore there 

are gains to coordinating macroeconomic policies. 

Recently, the focus of research has shifted to the intertemporal 

aspects of economic interdependence. With this shift has been a move 

to dynamic game theory in analysing the coordination issue • The 

collection of papers in the Buiter and Maraton (1985) volume 

especially Oudir and Sachs (1985), Currie and Levine (1985) and 

Killer and Salmon (1985) provide comprehensive analyses of the 

problems that emerge in dynamic games. in these papers it is shown 

that the issue of time consistency discussed in Kydiand and Prescott 

(1978) can be important.4  Generally, in models with forward looking 

agents, the optimal control policy which is chosen in period t to be 

followed in the future, will no longer be the desired policy if re-

optimisatien is undertaken in period t+1. This occurs because 

private agents have precormiitted their actions in period t, based on 

the announced policy to be followed in the future. Given the 

precosusitted actions, the policymaker will have the incentive to 

change policy. A time consistent policy can be defined as a policy 

which is optimal taking as given that the policy will be followed in 

the future.5  

For a survey of this problem see McK5bbin (1987). 

The time consistent policy satisfies Bellman's Principle of 
Optlmality: 'n optimal path has the property that whatever the 
initial conditions and control values over some initial period, the 
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The introduction of Lntertexzporal considerations and dynamic 

games can also lead to cases where cooperation is not always 

beneficial. One exaxple where this can arise is when time 

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 first in selecting a nominal wage and the policymaker 

then decides on policy. The policyxuaker has the incentive to 

announce a low expected price level to coumit the wage setter to a 

low nominal wage. Once the wage setter has chosen the wage, the 

policymaker then has the incentive to expand monetary policy to 

achieve short term gains in output. Xn the closed economy, the time 

consistent equilibrium is inflationary because the forward looking 

wage setter seeks a higher wage in anticipation of the policymaker's 

incentive to inflate away the real wage for output gains. Xa an open 

economy the threat of a depreciating exchange rate provides 

additional discipline on the policymaker's actions. Cooperation 

between policymakers in a two-country world, removes the exchange 

rate constraint and both poliäymakers 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 Schwarta (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 a two-country Mundel). - Fleming - 

Dornbusch style macroeconomic model6  The analysis here concentrates 

on the 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 rates7. There are 

two synimetric countries. Foreign variables are denoted by a star 

superscript. 

(2.1) m - p 	•g - 

(2.2) q = _&(p_e_p*) - Ci 

(2.3) Pc = (l-a)p + cL(p4e) 

(2.4) i 	i 

where: 

= log of nominal money balances; 

p = log of price level; 

= log of real output; 

i = level of interest rate; 

e = exchange rate defined as the domeatia currency price of 

a unit of foreign currency; 

consumer price. 

6 See Nundel3. (1968) and Dornbusch (1976). 

7 See Cooper(1985) and McKibbin and Sachs(1986a). 
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Equation (2.1) is a standard EM curve expressing money demand as 

a function of real output and the interest rate • The IS curve is 

given in equation (2.2), where output is a function of the interest 

rate and the real exchange rate. Prices are assumed to be sticky and 

therefore real and nominal interest rates are equal because there is 

no expected inflation. Equation (2.3) gives the price of the 

domestic agents consumption bundle as a function of the price 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 pp*p0  >0, and 

the assumption of sticky prices implies that dp=dp0. 

The model can be solved to determine the transmission of 

policies between countries. Solving gives: 

(2.5) q = 01m - 2m 	(fl1-fl2)p0  

(2.6) q* - fl1m- fl2m - (017fl2)p0  

where: 

20 + 

(2a$ +2D) 

$(2ai + 2) 



B 

(2.7) a = (n - 

(2.8) p°  - p0  + ( m - 
C) 	

where y 

From eivations (2.5) and (2.6) it can be seen that a monetary 

expansion in the hone country raises hone country output and reduces 

foreign output. The policy is negatively transmitted to the foreign 

country because it causes a real depreciation of the exchange rate 

which reduces foreign competitiveness. It also raises domestic 

consumer prices and lovers foreign consumer prices through the 

exchange rate depreciation. 

Nov consider the implications of introducing optimising 

policymakers in each country. Assume that policymalcers in both 

countries choose monetary policy (m) to minimise a loss function of 

the form: 

(2.9) 	U = (q2  + $L p) 

Policymakers care about deviations of output and consumer prices from 

their desired levels (which are normalised to zero). L is the 

relative weight attached to consumer prices relative to output. Note 

that including the level of consumer prices in the loss function is 

etuivalent to including the rate of inflation because the modal £s 

static. 
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First, we examine a non-cooperative equilibrium.8  Assume that 

each policymakers in each country chooses monetary policy to minimise 

(2.9), taking as given the policy rules of the other policyzeaker. 

This is the Nash-CournOt equilibrium. 

Since the countries are assumed to be syzzmetric, it is 

convenient to consider the problem from the perspective of the home 

country. By differentiating (2.9), it can be seen that the 

policyzeaker should set: 

(2.10) 	q (aqiam) 	L' p°  (?p°/m) 

Substituting (2.5) and (2.8) into (2.10) gives: 

- Cl2m* - (fl1-fl2)p0)• 	-L(p + ?(m - 

which can be rewritten as: 

(2.11) 	mrjm*+r2p0 

where: 

	

+ 	 l (Q12) - Py 
r1 - 
	fl1+ 1L72 	

,r2 = nl  + 
Equation (2.11) is the reaction function for the home country. A 

similar reaction function exists for the foreign country. Note that 

r1  < 1 since D2  < 0.1. The reaction functions are plotted in fiqure 

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

8 There are a variety from which to choose, such as a Stackelberg 
equilibrium, in which one country acts as a leader, setting policy 
given knowledge of the other country's reaction function • Have we 
concentrate on the Nash-Cournot equilibrium. 



Figure 1 : 	EqjjJjbrIa of Static Two - Country Game 
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(i.e. at the point where the two reaction functions intersect). 	To 

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

- 
(2.12) 	m = 	 p0 

fl1  (fl1- 2) 

therefore: 	m < p0  

p°  p0: 

q 	-(gy/fl1)p0  < 0. 

Now consider the outcome when policymakers cooperate. We assume 

that the cooperative outcome is equivalent to the case where a global 

planner undertakes the optlnisation. Xntuitively we can see from the 

synmetry of the model that zmm*  and e0 in the equilibrium. Given 

(2.8) iitplies that p°  p0. The global planner understands 

that pC  cannot be affected by policy and therefore the optimal policy 

is to set q=0. From (2.1) this implies setting m=p0. 

It is worth considering this from a different perspective. 

Recall that in the non-cooperative outcome, it was shown that the 

policymakers individually should set: 

(2.10) 	q (aq/am) 	-L p0 (apC/a) 

The individual policymalcers assumed ?nc'/am=o in the Nash-Cournot 

equilibrium, whereas the global planner incorporates the externality 

in policy interactions into the optinisation problem. The non-

cooperative policymakers perceive that: 

aqfam - 121 	 and 	?pc/m • 7 
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whereas the cooperative policymalcers perceive that: 

- 	and 	apc/axn - 0 

If we follow the sane procedure to solve for the cooperative 

equilibrium by substituting these conditions, plus the target 

equations, into (2.10) it can be shown that: 

* 
Is = m M  p0  

is the optimal cooperative policy. 

A comparison of policies under cooperation and non-cooperation 

clearly shows that the non-cooperative equilibrium is contractionary 

relative to the cooperative equilibrium. Output is lower and the 

interest rate is higher than in the cooperative outcome. This arises 

because, taking as given the policy of the other country, each 

country perceives that it can be made marginally better off by 

appreciating its currency and exporting inflation to the foreign 

country. Since both countries pursue this strategy in the smoetric 

case, the exchange rate does not change but policies are over 

contractionary. In figure 1 this is shown by the location of the 

Nash equilibrium (N), which is located to the south-west of the 

cooperative equilibrium (C). Mding 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 forward looking and have complete 

knowledge of the government's policy optimization problem. The issue 
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of time consietent versus optimal control policies will be explored 

in this closed economy framework. The implications of time 

consistent policies for policy coordination is then be investigated 

in a two-country model. 

(i) Closed Econmy 

This section will demonstrate the results presented in Barro and 

Gordon (1983) although the model is very different to the Barro-

Gordon model. In Barro and Gordon (1983), the policymaker loses from 

inflation variability but gains from higher 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 assumed to minimise a quadratic loss function of 

output and inflation. The time consistency problem arises from the 

policymaker and the wage setters having a different desired real wage 

and therefore a different desired level of output. 

The policynaker selects the policy variable (m) to minimise the 

following quadratic loss function subject to the structure of the 

economy as shove: 

(2.13) 	Mm 	=0 at ((q -  q0)2  + 

subject to: 

(2.2.4) p=w+a% 

(2.15) qt  ot  - pt 

(2.16) nt e 	t - st-i 

(2.17) Wt+2. 
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The notation is the same as above with the addition that 5 is the 

discount rate for the policymaker, w is the nominal wage, and n is 

the rate of inflation. Equation (2.14) is an aggregate supply curve 

rewritten as a markup equation for the price of output. Noney 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 assumption that wage setters have rational expectations; in 

period t, wage setters choose the wage to be effective in period t+1, 

based on the expectation of the price in period t+l conditional on 

all the information available in period t. In this problem wage 

setters implicitly have a different desired level of output (given 

the desired real wage) than the policymaker. Desired output for the 

policymaker is qO  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 the wage is chosen, the issue 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 solve this problem, note that (2.17) is rewritten as 

wt 	t• Wages are not each period based on observed prices. From 

(2.14) it can be seen that this implies qO. Rewriting the 

constraints (2.14) to (2.17) with the targets (q,r) as functions of 

the state variables 	and the control variables (n) gives: 



is 

(2.18) 	0 

(2.19) 	mt - 

The particular structure of the model implies that (2.13) can be 

differentiated for any period to find the optimal policy for each 

period. The dynamic game can be viewed as a se5uence of one period 

static games. 	The policymaker should set: 

(2.20) 	(q - q0) (aqlam) = pEt (a1/am) 

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

be shown that the optimal policy is: 

This implies % = 	0. The policymalcer cannot affect output by 

monetary policy alone, when the wage setters are given the second 

move • 	in this case the optimal policy is time consistent because 

the policymaker never has an incentive to cheat on the wage setter 

when the wage setter has the second move. The 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 cheese a nominal wage before the 

policymaker implements policy, based on the announced optimal control 

policy mt 	To solve this, it is convenient to write the 

model with target variables as a function of state variables (w, 

and control variables (m): 

(2.21) 	• (m - Wt )/(3.) 
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(2.22) 	r 	a uit/(l+a) + wt/(l+C&) - 

New we assuma that Ut - 	
Differentiating (2.21) and (2.22) and 

substituting into the policymaicer' a first order condition given in 

(2.20) we now find: 

(2.23) 	m 	st-i + ((1+a)/(1+a2i))q0  

Substituting into (2.21) and (2.22) and assuming wtpt_l gives the 

results for the target variables: 

(2.24) 	% = (1/(i+cL2IL)) q0  

(2.25) 	ir = (cx/(1+a2L)) q 

Notice that once the wage setters have precomeited their wage based 

on the announced policy, the policymaker has the incentive to renege 

an the announced policy of zero inflation and to follow an 

expansionary monetary policy. This is 5hown 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 therefore shown to be time 

inconsistent; once 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 some 

reputational mechanism can be established) because the wage setters 

fully understand the policymakers incentives. 
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we now want to find a time-consistent policy. We aid in solving 

for the time-consistent equilibriums the model can again be rewritten 

with the target variables (q,lt) as function5 of the control variable 

(m) and state variables (w,pt_3). Define the va3.ue function (V) as: 

	

(2.26) 	Vt - Max -(Cq-q)2  + i 2  + avt+l 

aubect to: 

	

(2.27) 	q - ((1/3.+U))(I% - Vt 

	

(2.28) 	(cx/(3.+U)) mt + ((3./(3.+U))wt - 

Note that the wage in period t in now a state variable to the 

policymaker. To find the tine-consistent solution to this problem we 

will us a dynamic pregraing technique of backward recursion. Tirt 

we find the solution to the finite horizon problem then take the 

limit of this problem for the infinite horizon case. 

Suppose period T is the final period and V 1  0. The 

optimization of (2.26) requires that the policymaker should set: 

	

(2.29) 	(cX. - q0) caq/am) - I11t! (an/am) 

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

a rule for the control variable in period T: 

	

(2.30) 	'T - 
3, 
+xa2 ((lU1)VT + (3.4u)q0  + 
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This is the time consistent, closed-loop9  rule for the control 

variable (mT) expressed as a function of the state variables (VT  and 

and the exogenous variable 

The assumption of rational expectations in (2.17) implies that 

PWp  in equilibrium. Given this, equation (2.14) implies that q0 

(i.e. output is q0  less than desired by the policymaker). 

Substituting wT=pT together with the rule for m into (2.27) and 

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

(2.31) q1  0 

(2.32) 	ICT - 

The value function in period T is a function of qO  and is 

independent of variables inherited from earlier periods. Each period 

can therefore be solved independently, taking an given that future 

governments will be following the policy rules 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 shown that when wage setters have 

rational expectations and a desired level of output different to the 

policymaker, the time consistent equilibrium will have an 

inflationary bias and output will be less than that desired by the 

policymaker. This is the Euro-Gordon result • PrIvate agents xnow 

that once they choose a nominal wage the policymaker has an incentive 

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

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 epecified sequence of policy settings. 
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therefore have an incentive to not nominal wages at the point where 

they know the policymaicer is unwilling to trade off an extra unit 

loss on inflation for a unit gain on output 

Suppose that instead of rational expectations we assume that the 

wage setters choose a wage for period t+l based on the price observed 

in period t. The assumption %.1 - t is the same assumption that we 

used to solve for the case where the policymaker announced a policy 

of rero inflation and then optinised given that wage setters believed 

the announced policy. These results were given in (2.24) and (2.25). 

n this case, the economy still has an inflationary bias if wage 

setters desire a lower output level than the policymaker. However, 

the bias in much less. 

(ii) 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 made by Rogoff (1983). We 

introduce forward looking wage setters and a forward looking foreign 

exchange market into the model above. The foreign exchange market is 

assumed to consist of many small agents who individually perceive 

that their actions have little impact and therefore do not act 

strategically. We can therefore take their actions an conditioned an 

the policy settings. wage setters on the other hand are assumed to 

be members of a union which is large enough to act strategically with 

the government. To facilitate the analysis we combine the model 
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listed in equations (2.1) to (2.4) with the sile closed economy 

model just analysed. The problem will be first solved analytically 

for the two period case and then will be solved for the infinite 

period case. 

The borne country equations become: 

(2.33) 

	

(2.34) 	 -e 	
* 	

- art 

	

(2.35) 	Pot 	TPt + y(p + e) 

	

(2.36) 	i' 	i + et+i - Ot 

	

(2.37) 	rt it - tPt+i + pt 

	

(2.38) 	pt - Vt + cqt  

	

(2.39) 	 - 7. tt+1 + (1-7.) °t 

	

(2,40) 	It
C - P c t - t-1 

There is a similar net of equations for the foreign country. The 

main differences between this two-country model and the static two-

country model analysed above, is the addition of the supply curve 

given in (2.38), the difference between real and nominal interest 

rates due 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 behavioun: 7iii is the case of forward 
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looking wage setters: X=O is the cas, of backward looking wage 

setters. 

Non-cooperation is defined as the Nash-Cournet equilibrium where 

each country naxinises the objective function: 

(2.41.)Y.af + txt2) 

subject to the economy in (2.33) to (2.40) and taking as given the 

policies of the other countries. 	Cooperation is defined as the case 

in which a global planner naxinises a weighted average of the two 

countries' objective functions where the countries are equally 

weighted. 

Define the valu, function as: 

Vt 	Max 	( (q-q0)2  + pJ;0t2) + 

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

To solve this problem, we first solve the problem in an 

arbitrary terninal period T. Assume that in the lsst period (T) 

eT+ieT,  T+l'=T and VT+l'O. This implies i"i'r. 

Consider the problem faced by the bone country policymaker when 

wages are set before 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 the policyzuaker 

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 superscript, we add (2.33) to (2.33*), 

(2.34) to (2.34*) and (2.28) to (2.28*). This gives: 

	

(2.42) 	q + q* -2ar 

	

(2.43) 	m+Ia*. p+p* + $(fq*)  -2r 

(2.44) p+p*=w+w*+u(qpq*) 

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

	

(2.45) 	q = q +  

where 0 a+$+/c 

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

and (2.38*) to find: 

	

(2.46) 	q* = q - ( _m* _(w_w*))I(a+$) 

Using (2.45) and (2.46) we can write the target (q) as a function of 

the control variables (m and m) and the state variables (w and Wa): 

	

(2.47) 	q • 	
+ p2(m*_w*) 

where: 

- 	(1 + 	 P2 - 20(1. - 

Note that PI +  P2 - 1/0. 
To solve for t we difference (2.34) and (2.34*) solve for e and 

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

* 0 

	

(2.48) 	n 	w + (a+y/26)q - (Y*/28)q - p T-i 
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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) 	it0 	v + 	+ 	* -w*) - a T-3. 

where: 

-11 - 001 + ( 1- 2)7/28 

72 - a 2  + 001 '28 	and T3,  + - a/O 

Equations (2.47) and (2.49) give the targets q and n°  as 

functions of the control variables ( m*) and the states 

In the non-cooperative case we find the policy of the boom 

:ariod 

ountry by differentiating the objective function in (2.41) for 

T and find: 

(2.50) 	( T  - q0) (aq/am) - 	1T 

Differentiating (2.47) and (2.49) substituting into (2.50) and then 

using the useful trick that we know the equilibrium will, be symoatric 

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

+ 0ty1  - Pyte 	e P, 

	

q0 	
Pyle  
 _ + 	 T-3. 

PI +0072. 	 03. + 01111, 	P1  + U4&1 

Now consider the case where wage setters are forward looking (in 

X=l). We have from the assumption of rational expectations that v.p0  

in the equilibrium. It can be seen from (2.49) that nip0. 

Substituting theae relations into the rule for money gives: 
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p1  
—jj q 

It is clear from (2.47) that with w 

(2.52) 	q2  a 0 

This is the solution in period T. We have shown that the target 

variables are only a function of q0. Substituting these results into 

the value function given in (2.41*), we see that the value function 

is only a function of q0. Each period the problem is a repetition of 

the problem we solved for period T. The results 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. 

The cooperative equilibrium can be found in a sinilar way. First 

we solve the problem of a global planner choosing both m and 	in an 

arbitrary terminal period T. In the non-cooperative case the 

policynakera individually perceived: 

aqlam - p1 	 and a,t/am - 73.  

In the cooperative case we have that: 

aq/am - p1 +p 2 - 1/0 	and aIt/am - Tl + 12 

Substituting these results into the first order conditions given in 

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

1 pu0+u 	____ 
- 	 WT+ 	2o+ 	

C 

1+alL 
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Again using the equilibrium property that W-Pc  we can see from the 

inflation equation (2.49) that a - w S  p°  . Substituting into the new 

rule for money gives the cooperative equilibrium in period T as: 

(2.53) 	n0  - 

We can see directly from (2.47) that with w 

(2.54) 	q - 0 

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

independent of the state variables • The backward recursion will 

therefore lead to the sane solution in each period. 

In both the cooperative and non-cooperative equilibria, the 

assumption of rational wage setters gives the sane result for output 

(q=O) as we found in the closed economy example. The difference 

between the target outcomes is the rate of inflation. In evaluating 

these, we have that 	- U + y( 1- 2)/(25). Given that Pl>P2  we 

have that 	3. > a, which implies that inflation under cooperation 

is higher than inflation under non-cooperation. Cooperation 

therefore lead, to a larger welfare loss than non-cooperation. 

In the particular example chosen, the Nash-Cournot and 

Cooperative equilibria will be a sequence of repeated static games in 

which cooperation always leads to a larger welfare 3.oss than non-

cooperation. Note that this is different to the exampl. in Sacha and 

Oudia (1985). The models are identical except for the assumption of 

the wage setting process. In Sacks and Oudir the wage is not 
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according to a Phillips Curve relation. This adds persistent via 

lagged output which diesappears in this exale. 

To capture the result in Oudia and Sachs (1985) now assume  that 

wage aetters are backward looking (i.e. O). Following the same  

procedures to solve the nodel we find for non-cooperation: 

(2.55) N 	
U Ca  

1 
(2.56) 	q a 	i.+ui.&7ji1 q0 

Note that output given in (2.56) is now greater than acre but less 

than desired output q0. Solving for the cooperative equilibrium we 

have: 

(2.57) 	B c_ 	a 
qO 

l4U L 

(2.55) q a 	
2 1+a 

Comparing cooperation with non-cooperation we see that non-

cooperation is more inflationary than cooperation if 

> U. Non-cooperation can therefore be more inflationary than 

cooperation when wage setters are backward looking. This is a case 

where cooperation is now welfare improving. 

This section has illustrated the major theoretLcal results in 

the literature in a relatively simple framavork. Zt has •hOVfl tnat 

the transmission of policies between countries is important as is the 
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assumption of government and private sector interactions within each 

economy. 

(C) vncertai1 

The literature surveyed abov, 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 comentatore to be the maJOr area where gains to coordination, 

through information sharing, are potentially large10. Papers by 

POubifli (1986), Ghosh (1986), Trankel (1986) and Blackburn (1987) 

have introduced model 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 sddxesses the 

problem of reputation in international policy coordination, extending 

the work of Barro and Gordon (1983) to a game between policymakers. 

The results on uncertainty, although very preliminary, do show 

that the results from studies assuming perfect foresight can be 

significantly changed. This area in fertile ground for future 

research. 

3.Hmpirieal Analyses of Coordination 

Attempts to measure the gains to coordination are rare. The 

issues of interdependence have been studied in the large scal, models 

such as project LINIC 11 or the linked 0.8./Canada model in Helliwell 

10 See Xcxibbim (1985) for a discussion of this view. 

11 See Fair (1978) for an early survey of the multipliers from 
the major models. Piso see Bryant, Henderson at al (1986) for a recent 
Brookiags Conference which considered the policy multipliers of the 
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and flcRae (3977). These studies atteopt to measure the sire and sign 

of the transmission of economic disturbances between countries rather 

than applying a game theoretic approach. The first attergit at an 

empirical implementation of the strategic game theoretic approach was 

undertaken by Oudir and Sachs (1984). Zn this study, the authors 

used policy multipliers from several large scale models of the world 

economy and applied static game theory to determine the gains from 

coordination. They assumed that the estimated results were generated 

from a Hash-Cournot equilibrium and then estimated the gains from 

coordination. The results showed a very small gain. 

Eughes-Hallet (1987) used dynamic game theory in a three-region 

empirical model (consisting of the U.S., EEC and the rest of the 

world) to assess the difference between non-cooperative and 

cooperative policy responses to the experience of the world economy 

since 1974 • He found larger gains to the U.S • from cooperation but 

very little difference for the EEC. 

MclCibbin and Sacks (1985) have applied the results from dynamic 

game theory to a five-region simulation model of the world economy to 

measure the gains to coordination. The model was calibrated using 

1983 data. Zn this paper, the authors found small gains to 

coordinating the macroeconomic policies of the uiaer industrial 

regions in the face of an inflationary shock, such as occurred in the 

late 1970's. However, they do show that the gains to the developing 

countries are potentially large. Zn the face of a global 

major world models and Trankel (1986) for an application of the results 
of this conference to policy coordination issues. 
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inflationary shock, a non-coordinated disinflitiOft results in 

monetary contraction and fiscal expansion in the industrial region. 

This leads to high world interest rates and a strong U.S. dollar. 

When the authors simulate the same shock assuming a coordinated 

response, the policy mix is less extreme and world interest rates are 

much lower. In these studies the comparison is the outcome of a 

Nash-Cournot game versus a cooperative euilLbrium. In a further 

study Xahii, McKibbLn and Sacks (1985) found that if the model is 

used to generate a future baseline (assuming oEcD projections for 

macroeconomic policies rather than optimixing policymakers) and then 

policyms3cers optimised in a cooperative manner, the result was a 

substantial gain from coordination. 

Taylor (1985) examined the 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 euilthria and 

cooperative ecui1thria, he also found small gains from coordination 

depending on the weights in the policymakers' objective function. 

4. Conclusion 

This paper has eurveyed many of the results found in the 

theoretical analyses of policy coordination using standard 

macroeconomic models of open economies • it is argued that under 

certain conditions policy coordination need not be welfare improving. 

Whether or not policy coordination is welfare improving depends 

crucially on the magnitudes and signs of the transmission of policies 

between countries. These are empirical issues which deserve greater 
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research effort • There have only been a few direct empirical attempts 

to address the issues of policy coordination. 

The application of gems theory to the issue of international 

policy coordination has provided inportant insights into the problems 

of coordination. Two lines of research are needed to follow from the 

work already produced. The first is to incorporate uncertainty into 

the theoretical models • The second is to apply the game theory 

techniques to carefully constructed empirical models of the world 

economy to test the isplications of alternative proposals for the 

world monetary system. An initial attempt at this has been 

undertaken by HcXibbin and Sachs (1986b). 
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