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A desire for policy coordination is by itself insuffi-
cient to insure successfull collaboration
(B. Eichengreen 1985)

In this paper* 1 discuss the conditions for a successful international
economic policy coordination, using some results taken from the theory of
dynamic games. In the most recent literature the informational aspects
of the equilibrium determination have been deeply analyzed by means of
static or steady-state models. Following a different line of research, I study
the problem of policy coordination in a cyclical environment. A very simple
dynamic 2-country model is studied and the informational requirements for
an optimal monetary policy are analyzed. The well known non Pareto optima-
lity of the Nash equilibria is used as a point in favour of policy coordination.
But further elements can be obtained from the theory of repeated games,
where coordination is also the rationally optimal result of noncooperative
equilibria in a supergame with infinite horizon with discounting. In case
of finite horizon, two side uncertainty and/or punishment costs are necessary
to insure cooperative results. Differences in the payoff functions of the

two players lead to very different results in the "world" output dynamics.

(*) Paper presented to the third conference on "Teoria dei giochi
e applicazioni" held in Florence, may 1986. I thank G. Schwddiauer, M. Polo

and P. Opromolla for helpful suggestions.
I am also indebted with an anonymous referee for pointing out an

error. All the remaining mistakes are of course mine.




1. The problem of coordination

The world stagflation in the 80's has given rise to a growing literature
on the reasons of the long duration of the recessive phase, expecially when
compared to the short slumps of the previous decades (Boltho 1983, Emerson
1984, Bruno-Sachs 1985). Some authors have identified one of the reasons
of this phenomenon in excessively contractionary policies in several countries
(Buiter-Marston 1985). These conclusions are usually obtained with models
of intertemporal utility maximization (by governments or private agents),
whereas the transmission mechanisms change according to the policy instru-
ment which are under analysis.

Ordinarily the transmission is assured by the effects of term of trade
changes on consumption via a wealth effect (Hodrick 1980, Corden in Bui-
ter-Marston 1985) or by a reallocation of factors in national production fun-
ctions (Svensson 1984, Bruno-sachs 1985). The financial aspects of transmission
are usually solved with the assumption of perfect international capital markets
(Dornbusch 1980), which allows the exclusion of the relative variables from
the solution; wide use is made of the saddle-path analysis in the mathematical
solution (Lipton-Sachs 1983). The main advantage of this procedure is that
of avoiding the inner instability implied by the nature of financial price

of the exchange rate (Obsfeld-Stockman and Levich in Jones-Kenen 1985).

The presence of interdependence poses new problems for the policy

maker (Cooper in Jones-Kenen 1985). When deciding its own optimal policy,
he has to take into account the optimal policy of the others (Hamada 1976):
here is where the concept of Nash equilibrium shows its utility. When private
agents are assumed to hold rational expectations, the model becomes dynami-
cal, because of the forward looking character of those variables. In this
case the optimal policy is obtained with optimal control techniques, but
care must be used in order to avoid time inconsistent solutions (Oudiz-Sachs,
Miller-Salmon and Currie-Levine in Buiter-Marston 1985).

But the process of achieving coordination does not seem to have been
deeply analyzed. From the optimal control approach used in the solution
of dynamic game of optimizing the monetary policies, the only possible con-
clusion about coordination is that the level of welfare improves when a sovra-
national coordinat.or controls the national monetary policies. From a qualita-
tive point of view, some authors point out that in a 2-country set-up, the
intertemporal disinflationary policies can be less restrictive (Miller-Salmon
in Buiter-Marston 1985, Giavazzi-Giovannini 1985). This approach can not
go much further because it contains an intrinsic limitation: on one side there
are perfectly rational agents who are able to maximize from now to infinite;
on the other side they are unable to implement an adequate device to obtain
Pareto optimal results from coordination. It has been said that the main
justification of this result relies in the credibility of any kind of agreement

that are reached among different nations. In such a case the problem of
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coordination would be only a political one, and the economist would be left e e e pehatac iora claths, aiateaiesact the v Disyersunacach) E3IS IS
out. In other words, the noncooperative approach would be justified by the related strategies) which enforces the cooperative result: tit-for-tat strate-
istitutional framework of the actual world economy (Cooper in Jones-Kenen BiFJRiicoss crrgEmics gintis wa ateeica (hxe oo lSh,, Ridneg 1ASpfid
1985). 1985).

We also know from another branch of the game theory that cooperative L5 Bty woSy Xoasrpioachcs ate SompieneniSR A HiE SuRe
solutions can be obtained as a result of noRGBoparStive "sBereamen (e that they show that cooperative behaviours are the result of far-sightedness
"silent gentleman's agreement of Aumann 1959 - see also Luce-Raiffa 1957, A T AR e Al
Friedman 1977, Kurz 1978, Smale 1980 and Schotter 1981). Quoting from e i T L
Radner 1981: mics literature the problem of coordination is analyzed with respect to static

or steady-state models (where the steadiness is given by the condition: pe-

" ... The theory of repeated games explores in a formal way another fectly anticipated inflation = rate of growth of money). These aspects are
piece of conventional wisdom, namely that when members of an ol mainly justified II)y the mathematical difficulties of solving dynamically the
nization have long-lasting relationships they can e M optimal control problem. But these assumptions are very restrictive. In the
cooperative behaviours (without the device of B o sequel I will make use of a very simple dynamical model of a two-country eco-
by signalling intentions to punish defectors from informal agreements" SRR Lt T P USRS
(p.1128). dinating the optimal stabilizing policies in this set-up. Very similar conclusions

to the static case are obtained, but optimal policies are proved to exhibit

; . . countercyclical patterns.
Following this approach, as [ will do later on, one yields the conclusion 4 2

that coordination is the result of long horizon in policy planning or low inte-

. ] . 2. Optimal policies
rest rates in future discounting. In some cases, it can also be the result o i

of imperfect information or nearby rationality (Kreps et oths 1982, Kreps-Wil-
A simple macro model, analogous to Dornbusch 1976, is assumed here.

son 1982b, Milgrom-Roberts 1982). The limit of this approach is given by




Only two countries are considered, each one described in a keynesian manner
by an IS-LM equilibrium with a Phillips curve. The main difference is due
to the absence of financial sectors. The Phillips curve is a cumulated error
one: not only the most recent errors matter (like in Dornbusch 1976, where
the persistence was given by an adaptive expectation mechanism), but the
whole serie of deviations from long run output affects current inflation (an
identical formalization is offered by Miller-Salmon in Buiter-Marston 1985).
This leads the system to exhibit typical keynesian features, like unemployed
capacity and cyclical behaviour of prices; from this point of view, I retain
Dornbusch's idea that labour and goods markets clear slowlier than asset
markets. As in the original model, the nominal interest rate is inserted in
the output equation: this excludes feedbacks from the output onto itself
via' the Phillips equation, and makes the system more easily solvable. In
each country there is a rational policy maker who controls the money supply
of his country. The exchange rate is assumed to be fixed and the two coun-
tries affect each other only through the trade balance; given the absence
of financial sectors, expectations do not play relevant role in this model,
and consequently they are excluded.

I am concerned in coordination of countercyclical policies, that is
to say the attempt of the economic policy to stabilize as much as possible

the inner instability of the economy: thus the existence of cycles is taken

for granted and not explained (for reference see Zarnovitz 1985). The endo-

E 2

genous cycles in each country are generated by the interrelation between
price and outputs, as clearly stressed by Tobin 19735.
The transmissione mechanism works through two channels:
- the terms of trade affect negatively the current output
- domestic inflation is influenced by foreign inflation via the import share
on domestic consumption (the traditional imported inflation channel - Fie-
lecke 1978).
Since the exchange rate is fixed, the "beggar-thy-neighbour" policies
(a contractionary monetary policy leads to an apreciation of the exchange
rate and exports inflation abroad) are not possible, whereas the "locomotive"
policies (a contractionary monetary policy reduces output and inflation at
home, thus affecting negatively foreign output) are the policies under analysis.
The model is loglinear and all variables are zero-mean. Starred varia-
bles indicate the foreign country (from now on defined as country 2). The

exchange rate is constant and set equal to 1, so that it does not appear

explicity.

The model

COUNTRY | COUNTRY 2

() m-p=ay-br (5 m* - p* = hy* -ir*

(2) y = -cr - d(p-p*) + v' (6) y* = -lr -n(p-p*) +v*'




(3) p = fz+gp* (7)  p* = oz*+ jp a, = c/(b+ca) $ ag = 1/(1+1h)
a, = /1-g) | iy = /g
t t
(4) z(t) = f y(s) ds (8) z*(t) = f y*(s) ds a, = go/(1-gj) H a =0+ go/(1-gj)
0 0
v = v'b/(b+ca) ; v* = v*'i/(1+lh)

which solved in terms of y and p yields

Consider in addition that the policy maker tries to stabilize output

and prices at their long run equilibria, displacing the money supply from

(9) 'z:-a1p+azp*+33m+v
its equilibrium value as less as possible, with an elasticity cost equal to
(loy p = a,z +agz* /.
; E 2 2 2
(1) z = ap - a7p* + a8m* + v (13) U = - f exp (-ds) 1/2 [p " +2 +m lp] ds
0

T 2 2 2
a,z +a, z* (18) U* = - f exp (-0s) 1/2 [p*" + z*" + m*"/g] ds

(12) pr 5 "
0

"

R I ignore in this context the problem of consistency implied by the

z=y = real output policy making of periodically elected governments. In other words, I assume

RRCR that the initial government can precommit itself and all its followers to

an entire sequence of moves or to a policy rule. Thus optimal control techni-

r = interest rate

v = output shock ques are sufficient.
I can now prove three propositions:
a = (cdb/(b+ca) = a,+a, ; a, = (1+ni)/(1+1h) = a +ag
a2 = db/(b+ca) i 36 = ni/(1+1h) Proposition l: the optimal monetary policy of a single country, which maximi-




10 11
zes its objective function in absence of any information about the other eq. 15, it is possible to solve dynamically the system 16-17 thus obtaining
. . ’
country, is a countercyclical policy. It is an optimal stabilizing policy (i.e.
2
it is able to lead the economy to its long run equilibrium) in case of a closed z=2 c exp(7T.t) + 3, / am
: i=l i i

economy.

2
z 7.t
iz & exp (70

0
n

Proof: we have to solve the problem of

which once inserted into the objective function yields an equation similar

T
2 2 2
T f ez S By to 15 with a linear term added.

m(t) 0
The Pontryagin's maximum principle ordinarily yields only necessary

conditions; in this case the same conditions are also sufficient, since the

Ne
]

(16) -ap+agm+ E(azp* + v 'Ql)

hamiltonian is a concave function of the state variables. Nonetheless we

e are not guaranteed about the uniqueness of such a solution (Intriligator 1971).

a,z+ ajE(z*l 521)
The hamiltonian is

where £ is the information set of country l. The future is not discounted

because the hamiltonian would yield a nonautonomous differential system (18 H=-1/2 (p2 + z2 + rnz/(,'v) +

and it would not be solvable; for semplicity the governmental rate of future

discount is set equal to 0. + wl[-alp + a3m + E(azp* + Vl.Ql)] +
The cost of modifying the money supply from an intended level is

introduced explicitly in the welfare function of the government, the reason R wz[auz + ajF_(z*| 'Ql)]

being that it prefers as less as possible the deviation from assigned targets.

it e Rl where the w's are costate variables. The first order conditions are

demonstration of the proposition. From the exclusion of nominal money from
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(199 ¢H/6m = -m/@+wa, = 0

(20) (5H/(§w1 z = -ap+aym s E(azp* + v|.Ql)

(21 6H/6w2 P = a,z+ a5E(z*| 'Ql)

(22) OH/Jz W = w.,a -2z

(23) OH/dp =.-v'v2 = -aw, -p

and the second order conditions are satisfied since the hessian matrix is

negative definite:

8%H/dm? = -1/g <0

From (19) we get the optimal monetary policy
(24) mo =wa,9

and W, can be obtained as a solution of the differential system defined by -

20-24, making use of 20. Note that the w's can be interpreted as the sensi-

tivities of the objective functional to variations in the corresponding state
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variables z and p.

We must choose between an open-loop solution (the optimal money
is decided at the beginning of the period) or a closed-loop one (the optimal
money is function of contemporaneous state variables).

In case of closed-ioop solution, it is known that the solution will be
linear in the state variables because solution of a linear quadratic maximi-
zation (Basar-Olsder 1932, p. 228) and will be informatinally not unique (Basar
1979). The solution procedure is to postulate a linear relation between costate
and state variables (i.e. wi=buz+b12p, i=1,2), substitute repeatedly into 19-24
and obtain the Riccati matrix equation which determines the bij's. Then
the substitution into 24 gives the optimal monetary rule mo = mo(z,p).

The case of open-loop solution is time inconsistent in the presence
of uncertainty and expectations in the model (Miller-Salmon in Buiter-iarston
1985); on the contrary, in the present case it coincides with the closed-loop
case, and I follow this second approach in order to obtain an explicit solution.

We start with the dynamical system given by 19-24, which in matrix

notation 1s
(25) X=AX +B

where




\?,——_.
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15
— = " _
0 = ga; 0 E(a_p* Q
l 3 P vl 1) Except the case of O = 2, k=0,1,2,3,... (which is not generic), some
a 0 0 0
A = . B = E(ajz*l 'Ql) roots are complex, and the homogemeous solution component will oscillate.
1 0 0 -a
4 g The particular solution is easily obtained from the system 25. Since B is
L l a 0 0 . . 0. ..
[ 1 | a vector of constants, the particular solution X=X" is tried (Gandolfo 1971,
= —J p. 268). The system becomes

The charasteristic equation is

(28) 0O AX +B

4 2 2 2, 2 2
T T -
" (2a134 q)aj) " au(3397+ al)

and the particular solution which satisfies it is

and the roots are

20 -E(z*| Q)a, /3

(260 ©v. = +IN2 2 22 24, 2 1/2 -
, d { +(<pa3 2a1a4)1[ Jaja,+Pag l+goa3a4(al+a4):]} ) o alE(aZP*+vl‘91) / a21+a§q>)
(299 X =-A B =

1]

0 2 2
or using polar notation and De Moivre's Theorem Y1 -E(azp*+v|.Ql) / (al+a39?)
0
- #*
v, E(z |'Ql) (aj/au)
1/2 1/2 | i | J

(27) G [cos 1/2 0+ isen 1/20]
The complete solution for mo is consequenttly

where 4
(30) m’=a pw = a, @[ .Z cexp(z t)-(a2+a297)-1 Eap*+v | Q)]
3 375i=1 i i 13 2 1

2 2
p= 2 {(9033-Zala4) +[ Jafai+¢pza§-4g)3§au (a+a )1}1/2
4
In the welfare function (15 I have not explicitly assumed a terminal

condition. But when considering the case of elected governments, it does

2
O= arccos ]:(t;pa3 -2a,) /1]
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make sense to think that they are concerned with the final values of economic

performance within the period. In such a case, ed. |5 can be rewritten as

T
(15) max / S/2p%ezBem¥@)dt + hoZT) + hp(T)
m(t) 0 ! 2

and the {first order conditions are augmented with two more terminal conditions

1]
=2

(22" WI(T)

n
=2

(23" WZ(T)

Since the terminal conditions are f{finite values, ‘the optimal money
is obtained by solving backward the eq. 30, and the ci's are consequently
obtained. From a backward solution, only complex roots with positive real
parts are convergent to an initial equilibrium position.

The final formula for the optimal policy is

0

(3) m(t)= a399{clexp[(a+iB)t:| + c2exp[(a-13)t:[ _ (afﬁig,)'l E(azp*lgl)}

where

a= + #1/2 cos(1/26)

and

17

B= + #1/2 sen(1/20)

and after some transformations

32 mo = a3<p[ exp(-at)] [(c1+c2) costBt + (c -c ) i sen Bt] +
stabiliz. comp. cyclical component
2 2
- (33<P) / (a1+a39’)E(a2p* +V l‘Ql)

up-to-dating component

with

0
m(T) = a3g)hl

I can now make the following remarks:

i) in case of a closed economy [az=a5=0] the optimal policy works
countercyclically in order to lead the system to the long rum equilibrium.
The constant or steady growth money is suboptimal in such a case.

ii) In case of a small country which receives cyclical impulses from

abroad
n
= L .
[ E(* Q l) 2 ci(cos b,t + sen dlt)]

the stabilizing policy is modified in its periodicity, because it has to stabilize

a different kind of cycle. This fact has strong implications. When in fact




18

co'.;ntry 1 assumes that country 2's output is stationary, whereas it behaves
cyclically, country I is risking to enter a spiral (vicious or cirtuous) which
follows an unstable path. As an example, consider contry | in an expansion
ohase (output and inflation are rising); if the price elasticities of the outputs
are low in both countries, the depressing effects of rising prices are delayed
and expansion in each country stimulate the expansion of the other. If }|'s
monetary policy reacts only to 1's dynamics, it will be insufficient to coun-
teract its fluctuations, and this will cumulate dynamic instability. On the
contrary, even in absence of a policy maker in country 2, if the policy maker
of country | foresees exactly the cyclical dynamics in both countries, it
can stabilize both outputs and prices of this small "world" economy.

iii) If the siwek v is a browian motion such that E(v|Q)=0, the policy
is still optimal. But when the policy maker is not perfectly informed [it
is the case of e-delayed closed-loop perfect state information: Q(t)=v(t-8);
see Basar-Olsder 1982, p. 212| or even memory-less [ Q (t)=v(0)] it might
reach the case of destabilizing policies.

iv) The monetary instrument is less changed the higher is its perceived
cost of modification from the long run equilibrium (the lower is @)

v) Any positive (negative) shock coming from abroad (dp*>0) or exo-
genously (dv>0) and perfectly anticipated reduces (increases) the optimal
policy necessary to stabilize.

Observations i) and ii} are the contents of Proposition 1

19

We can now make use of the result of 30 to discuss the case of a

common shock (say the "oil" schock) on a 2-country economy.

Let us consider first the case of two policy makers who solve their
maximization problem and keep their expectations on the other's variables
constant. So doing they take into account the fact of interdependence (Cooper
in Jones-Kenen 1985), but they ignore both the structure of the other country
(including its inner dynamics) and the presence of another rational maximizer
in it. This could be seen as the result of a lack of information (due to absence
of exchange of reciprocal information) and/or incapability to extract signals
from the data available on the other country.

Proposition 2: In case of complete absence of information about the
other government policies, the optimal policy in each country does not gua-
rantee the stabilization. In fact, in the case of a common shock hitting both
countries without perfect information about the other player's behaviour,
the likely effect is an overreaction at the "world" level, due to the cumulative
effects of the two policies.

Proof: the first part of the statement is selfevident. The optimal
policy for a policy maker who ignores the presence (or does not trust the
rationality of the second policy maker) is to maximiza its objective function

. . . 4 .
on a constrained vector field in R”, representing the structure of both the

economies. But the existence of a second policy maker affects the vector

field; periodical solutions are still very likely, but with a changed period.
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Thus the maximization of the first agent will be suboptimal, and we can
not guarantee that even in the very long run the economy is going to be
stabilized at the equilibrium values.

The second part of the statement is an application of the first one.
It reflects a shared opinion that the inflationary period after the first oil
shock and the stagflationary period after the second are partly due to inade-
quate policy responses in each country which ignored or understimated the
induced effect of the others' reactions in an interdependent context. This
can be seen as a result of the decentralized decision of policies under imper-
fect information about the policy making structure (Bruno-Sachs 1985, Giavaz-
zi-Giovannini 1985).

If each country follows an "imperfectly informed" maximization, they
end with a result analogous to 32, where the cyclical component is more
complex (4 state variables imply 8 characteristic roots) but still declining

because of the transversality condition. From

T
(33) max/ -1/2 (p2 + 22 + mz/QJ)ds S.t.
0

Z = -ap+apt+ams+ E(v|S21)
P = auz + ajz*

= ap-aprs agE(m*l,Ql) + E(V*IQI)

Pro=oagz v a2

T

21

one gets the open-loop solution

0 0 .
(38) m (1) = Cr;\c('c) + H[aZaSE(m l'Ql) + azE(v*|,Ql) + a7E(v|,Ql)]

where

0o

mo(t) = I c exp(z.t)
i=1 i i
cyc

H = [a7+(1-a336)(a2a6/a7-a1)-1] <0

H is assumed to be <0 (the opposite case would be possible ad well)

in analogy with the economic content of the previous case. The case of

the second country is similar.
We can make the following observations:

i) note that many elasticities of country 2 enter in the maximization
of country l: this shows how much care requires in terms of information

the problem of the optimal policy in an international and interdependent

environment.

ii) Consider the case of a negative "oil" shock which hits the outputs

of both countries and is perfectly anticipated. The optimal policy should

be expansionary, according to the magnitude of the terms of trade elasticities

and a.. If the other government is not taken into ac-

in both countries a2 7
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22

0 0 0
count[E(m*l.Ql)=O] or it is considered not perfectly rational[E(m*]Ql) <m* , U*(m,m*") Z U¥(m",m*).

the monetary policy in the first country will underestimate the expansionary

o . i trix manner
push coming from abroad and will end in an overexpansionary policy. If the Writing the dynamic system in a block matri

same occurs in the second country, the "world" economy will be driven on .
| (35) X = AX +BM

unstable spirals.

iii) Similar non-stabilizing policies are the result of imperfect informa-

tion state like the following: policy maker | takes into account policy maker where i . - _ -'[
9 .1 == (I N 'T " ] rm
2, but ignores that the latter is maximizing without taking into account ’-. e
B M 0
policy maker 1. Xl |p A A S M= U
X = = . A= iB= ? B M m*
B !
The previous discussion has shown the relevance of the information Xz z* A21 A22 2 2
0
requirements in the optimal dynamic policy decision. There is no need to l P*{ i L |__ _ L <l
. - R

say that the optimal policy becomes almost impossible in practice when

the number of countries is increased. Let us do a further step in the analysis

of coordination. we have that:

i i i is consequently continous in t&[ 0,T]
Proposition 3: Under perfect Information, a Nash equilibrium exists. - X = AX defines a linear mapping and is conseq y

Such a solution is however not Pareto optimal since a sovranational institution for any X.

i i i itz i 5 fact denoting with " "
could lead to better results for both countries. ¥ - % = AX+BM is uniformly Lipschitz in X and M. In fac g ’

Proof: From the definition of Nash equilibrium, we have to find mO the Eucledeian norm

and m*o such that

hax, .+ Bm - ax -Bmll< k {Ix. - x| « ™, - Mj”}
i i j j v

U(mo,m*o) > U(m,m*o)

and
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is always satisfied for k=4 sup {aij’bij }+ In fact
I ALX-X) + B(Mi-Mj)”s”A(Xi-xj)” + ”B(MI-MJ’) =

Al I e o fog -

<sup |l I8l] ¢lx;-x el ) -

- The optimal feedback control (closed-loop solution) mo and m*0 are conti-
nuous in X and t through the Riccati matrix and are assumed to be unifor-
mly Lipschitz in X.

Then the _differential system admits a unique solution (i.e. a unique
state trajectory for mO and m*o, so that mozmo(t,x) and m*0=m*0(t,X)
and furthermore this trajectory is continuous (Basar-Olsder 1982, p. 212).

Now let us compare the Nash solution with the sovranational planner
case. Here again I must assume that the sovranational planner is able to
precommit his followers, in order to use the optimal rule. It has been proved,
however,' that when temporal consistency is considered, the monetary policy
is less contractionary, both at the national and at the international level

(Oudiz-Sachs in Buiter-Marston 1985). In the Nash case the procedure is

the following. For semplicity I assume @=1.

25

' AT S Y, BM
(36) max H = max -l/Z(XlX1 + MLMI) + Y(AX + )

M 1(t) M l(t)

h (AX + BM)
(37) max H¥ = max -1/2 (X'ZX2 + M'ZMZ) + Z(AX + BY

M 2(t) M 2('c)

The first order conditions of player 1 are

(38) (SH/cSMl = -l\/11+\('}31 = 0

(39) SH/SY = X = AX +BM
1
W0  OH/OX = Y = =X+ AYY
Player 2's first order conditions are similar. Looking for an optimal

feedback control we use the Riccati transformation

1
= X
(41) M? = KX = B'Yl _B'11Q11X1+BIZQ12 2

lution matrix of the Riccati matrix
where Qll and le are blocks of the solu

equation
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B,,Q, X, +B X
(42) X + QAX + A'QX + QB | 11 171 21912%; e

Y2

Since Qij will be linea in M2 (say Qij = Qij(t)Mz), we will get

0
(43) M, =B

N O

(44) M. = B'12Q21(t)M1X + B! sz(t)MlX

2 22 2

and after reciprocal sobstitution, we obtain the required non linear function
ws) M0 - § o
h = 'l(t,Xl,Xz,Mz)

we) M =__f2(t,X1,X2,MC1))

N

which by construction satisfies the properties of a Nash equilibrium. Once
solved we can interpret the Nash procedures as a joint maximization of
36 and 37 under the further constraints given by 45 and 46, which can aiso

be seen as a unique constraint in implicit form

0
47) M, - > 0
) 1 5'1 [t9\<1;x21 fz(tyxl’XZ’Ml)] = 0
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Thus a sovranational agentwho maximizes the sum of the national

welfare functions

(48) max H + H* = max - l/2AX'X + M'M) + W(AX + BM)
M, M M

"2

is expected to obtain a higher level of national welfare, because he is not
constrained by a decentralized policy making represented by the constrained
47. One must recall that the optimal controls obtained via the Riccati tran-
sformation are not unique when the Riccati functions are not Lipschitz.

The previous approach does not provide any more informations on
the distribution of the results of the implicit cooperative approach. To be
more precise, one should specify which kind of solution of the cooperative
game he is thinking of (Luce-Raiffa 1957, Friedman 1977). For our purposes,
however, it is sufficient to assume that the gains are equally distributed
between the two countries. This proves that the Nash equilibrium in policy
making can be Pareto suboptimal.

In all the previous analysis 1 have not made use of hierarchical (Sta-
ckelberg) solutions concepts. Doubts have been raised about the efficiency
of such a tool, since it has been proved that under this approach the relative

gains of the follower are greater than those of the leader. In an international

framework, this ends in the absence of leadership as a rational outcome
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of a noncooperative game (chicken game - see Eichengreen in Buiter-Marston o0

1985); this does not provide very helpful insight for the analysis of coordina-

-1 -1 . :
tion. (51 X = (-A) X g*BM (I-1) [-1-A) L] = K+B(L)M

3. Repetition effects where K is a matrix which is dominated by its maximum eigenvalue for

t large enough, and B(L) is a matrix polynomial of the lag operator. This

In the previous analysis, we have seen that the informational requi- indicates that the current values of output and prices in both countries fully

: g . . i icies in both countries.
rements for the dynamic noncooperative game are very high. But the diffe- depend on the past history of the monetary policies in

rential game implied by this model does not alicwv us to see the role of b) the payoff function for each country is rewritten accordingly as

future discounting and of the uncertainty in the process of coordination.
T

i M! 7
To see it is useful to make reference to the theory of repeated games. In (52) Ut a an-d 12 (Xéqxp,i N Mt+i‘ t+i

order to transform the differential game into a repeated game, one has

to carry out the following steps and to make the following assumptions: and using eq. 5l

a) the first step is to transform the original continous time model _1_

i Bj '(B' DM
into a discrete time one. To do it, it is necessary to assume that the eigen- (53) Ut =H-1/2 1§0-6 [M{B'K + K B.\/It + Mt(B B+D t]

values of the matrix (I-A)-1 must be in absolute value < l. Then

where H = 1/2[ (1- 0™h (1+9) ] K'K.

(49) )-(= AX + BM To assume that the current monetary policy is the only relevant for

the evaluation of current welfare is equivalent to assume tnat B(L)=3 costant.

can be rewritten as In such a case I can obtain the payoff of the constituent game as a quadratic

function of the two strategy variables, m and m*.

c) If one wants to find a reasonable explicit version of the payoff

(500 X -X = AX + 3M
T t t t
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represented by ed. 53, it is necessary to recall the underlying structure of
the game, described above (pp. 4-5). From there, one knows that each country
likes contractionary policies inland and expansionary policies abroad, in order
to avoid as much as possible domestic inflation and output expansion over
the natural rate. This desire can be represented by the following equation,

which is a particular case of eq. 53 under assumption b.
(5#)  U._=[ A -«m 8 - (m-0° + Dmm J
it j i i)

where A, B, C, D are positive constants.

d) Again for semplicity sake, let us assume that the choice set availa-
ble to both players has only two possibile values: a contractionary monetary
policy (tight money, call it T, and set equal to -l) and an expansionary one
(easy moner, call it E, set equal to +l). Moreover, their payoff functions
coincide. Then the possible outcomes of the interdependence of choices
can be represented by this payoff matrix. The matrix is time invariant,

i.e. the payoffs are unmodified by their repeated attainment.

2
T E
T a,a ‘ c,d ’
l A
E d,c ’ b,b J
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where
azA-{1em?-(cn2eD
b=a-E@D%- 0%+ D
c=A-@®D -@cD?-D
d=A- (187 - (1507 - D

I consider the case of a finite number of repetitions of the constituent
game, with a future discounting at the same interest rate for both agents
[r=r*=(1-0) /0] . Side payments are excluded. Both agents are rational and
perfectly informed about the rationality of the other player. Mixed strategies
are excluded.

From the theory of repeated games it is known that the Pareto optimal
set can be reached as the noncooperative equilibrium, using "trigger" strate-
gies (i.e. play the optimal strategy as long as the other player does the same,
and the security strategy otherwise) (Friedman 1977, Axelrod 1984). So,
any one of the four possible outcomes of the constituent game can become

the supergame equilibrium, according to the values of the four parameters

A, B, C, D, the duration of the game 7 and the discount factor ¢.
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Analyzing the possible outcomes from an economic viewpoint one
can make the following observations:
(a,a) : both countries undertake contractionary policies. The depressing effect
can be strengthened by mutual interdependence. The result in the
context of the previous model given by eq. 9-12 is price deflation

and unemployment (output below the natural rate).

(b,b) : both countries use expansionary monetary policies. Higher incomes

are associated with higher inflation rates. This situation can be or
can not be associated to higher welfare than (a,a) according to the
policy maker's preferences.

(c,d) ¢ country | adopts contractionary policies when country 2 is expanding.
Country 1 is likely to experience high income without inflation, while
country 2 faces trade deficit and price inflation without output expan-
sion.

(d,c) : the previous situation applies with inverted roles.

The game is made symmetrical for semplicity. In the case of analogous
situations leading to significantly different payoffs for the two countries,
different results might be obtained, but the essence of the analysis would

be unmodified. I will consider four significant cases:

Case 1 - "Keynesian"

It applies when both countries strictly prefer the outcome (E,E) to
(T,T), but this is not the dominant strategy in the constituent game. The
noncooperative outcome in a single play is (T,T). Formally b>a, d<0 and

(c+d) <2b. A possible realization of the payoff matrix for A=10, B=2, C=l

and D=1 is
2
T E
T 2,2 8,~4 -
1
E -4,8 6,6

where the first figure is country l's payoff and the second is country 2's
payoff. For these values of the parameters eq. 54 represents a continous
version of the well known prisoners' dilemma (Luce-Raiffa 1957, Kurz 1977,
Smale 1980, Radner 1981, Kreps et oth. 1982, Axelrod 1984). Many definitions
of equilibria are possible for this situation: "quasi equilibria" (Luce-Raiffa
1957), perfect equilibrium (Selten 1975), sequential equilibrium (Kreps-'Vilson
1982a and 1982b), perfect e-equilibrium (Radner 1981 and 1985). I will adopt

the balanced temptation equilibrium proposed by Friedman 1977 (pg. 180).

Given the simmetry of the game, it is sufficient to analyze the stra-
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tegy set of one player. When both players play T at any stage of the game
?
each one gets.

(53 UL = I o'a =[ (1-6“1)/(1-6)] a

T i=1

while with playing E at any stage, they get

T .
(56) U_ = I 6b =[-6""Y /=67 b>u

E i=1 T

Since binding agreements are excluded by the noncooperative nature
of the game, any agreed strategy at time 0 offers an incentive to defect.
When each player expects the other to play T after a defection for the re-

maining of the game, the payoff for a defection at time k is

k-1 i K T ;
- Z L
(57) Udk == db+dc + i§k+lda =
k
R T :
_ ¢ st k R i
i=06 b + ¢ (c-b) + iz=:k+16 a =
- sl oy o) - I g
i=0 Zisy 0 (b-3) =
) ()-()1" -k+1 16 T-k+l
= U_+0 (c+a - b ) =
E 1-0 1~ B

35

where ka is the premium for defecting at time k in a game of duration
7. In order to get a strong equilibrium point, the defection premium must
be negative at the first stage and for all the following ones {Aumann 1959,

p. 298).

In case of an infinite horizon (7 ->0), the premium is negative when

(58) (b-a) > (1-)c-b)

In such a case it is clear that exists always a 60 such that 58 is
satisfied. In this case, once international relationships are considered as
longlasting, the possibility of cooperation strongly . depends on the degree
of "myopia" (proxied by the discount factor) of both countries. In this case
the enforceability of the agreement is guaranteed by the full rationality
of both players.

But things complicate a lot when considering a finite horizon. The

< 0 is neither necessary nor sufficient. To analyze the necessa-

condition P
kT

rity, consider

(9 87, Jok = log(d)-o [ co-to-ai-0)! 67T Z0 5

- + +
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A . 0
if itexistsak >1: dpkrld k=0 it is clear that

k'L'/d | k<ko>o
and

ép
kr/dk]k>ko<° .

It is now clear that when we start with a situation where P ]

ktl t=0
<0, the incentive declines with the game going on. But if a ko< T Is reached,
it is possible tha;.' Pk%_ becomes positive before the end of the game.

But it is also not sufficient: since only a perfect equilibrium (Selten
1975) is reasonable in this situation, it is convenient to defect at the last
stage of the game and reasonong recursively, the only possible equilibrium
of the supergame remains (T,T). A few solutions have been proposed to this
case:

i} in case of imperfect information about the other player's rationality,
cooperation is still an outcome, even if the end of the game is uncertain
(Kreps et oth. 1982).

ii) each player can commit himself to cooperate, in order to insert
punishment costs (sunk costs) in the payoff function (Dixit 1982). In the

international context, these costs could be represented by costs of'implemen-

ting internati instituti inati i
g ational institutions for coordination scopes, like GATT, IMF and

similars.

ili) assuming uncertainty about the duration of the game. In this case
the players cannot evaluate the effective cost of defecting and they rely
on a probability assignement to the duration 7. Another way to see it is
to think of a third player (say the nature) which decides how long will be
the game, according to a probability distribution which is known to the pla-
yers; the infinite duration must be the limiting case of such an uncertainty,

otherwise this king of uncertainty is completely irrelevant.

Case 2 - "Monetarist"

It applies when both countries strictly prefer the outcome (T,T) to
(E,E) and there is low reward for incentivating the other to deviate. Formally

a>b, d<0 and (c+d) <2a. A possible realization of the payoff matrix for

A=10, B=1, C=2 and D=l is

2
T E
T |66 8,-4
l
E |-48 2,2
i

The fact that C >B implies a stronger preference for contractionary

policies inland than in case l. In this case T is the dominant strategy for
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both players in the constituent game and against any other strategy of the
supergame. (T,T) is a Nash equilibrium at each stage and consequently it
is also a perfect Nash equilibrium for the supergame, independently of the
finite or infinite duration (Kurz 1978). Both countries are satisfied with
deflationary policies and they keep on adopting them as long as welfare

evaluations are unmodified.

Case 3 - "Keynesian vs Monetarist"

This is a mix of the previous two cases: country | prefers expansionary

policies and country 2 prefers deflationary ones. Formally b>a, d<0, (c+d)<2b

and the payoff matrix is

2
T E
T | a,b c,d
1
E | dsc b,a

like, for example, the following realization fod A =2, B.=Il, C
e

1 2 1=b

l=A2=10, B

C2=2 and D =D2=l

1

2
T E
T 1,2 37‘2
l
E '2,3 2’ ‘l

For player 1 the T strategy is dominant, but he could achieve better
results by playing E in a coordination scheme. Fon: player 2 the T strategy
is dominant and he can not achieve a better result by playing any other
strategy.

In this case player 2 has an advantage because by choosing T he is
assuring to himself the optimal result. Viceversa, player 1 has no means
to force player 2 to play E, because so doing he is exposing himself to higher
losses without any gain; in other words, he does not have any credible strategy
to punish the other player. Also in this case, the only possible equilibrium
in the costituent game is (T,T) and its repetition is the equilibrium in the
supergame. This equilibrium is not unique, since more complicated strategies
could be the optimal result for different payoff parameters and discount
factor (Aumann 1959). If the same game is analyzed following a cooperative
approach and side payments are allowed, other results are also possible.

From the point of view of the economic meaning, in absence of inter-

national institutions with enforcement powers, deflationist countries impose

their policies to expansionist ones. This is due to the actual transmission
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mechani - . .
chanism, according to which the gains of an expansion are spread around

the other trading partners.

Case 4 - "Alternations"

In this case, independently of the attitudes of both countries, the
gain from alternating the policies are higher. This is known in the literature
as the "sex game" (Schotter 1981). Formally, I assume for simplicity a=b

and (d+c) >2a=2b. A possible realization of the payoff matrix is for A=10
- b

B=C=1 and D=-1

2
T E
T [ 55 11,3
1
E | 3,11 5,3

The economic intuition .behind this example is the following: when
cyclical dynamics is strongly pronounced in each country, it is convenient
to take advantage of desynchronization of cycles, since international trade
works as an endogenous stabilizer. It is evident in the example that once
again (T,T) is a possible equilibrium, but both players would improve their

long run welfare by implementing a scheme of alternating choices
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(T,E) , (E,T), (T,E) , (E,T) ...

where (T,E) is played at any odd number stage and (E,T) at any even stage.

But many problems arise when implementing such a solution. The
first one is that the country wich starts playing T has an higher payoff than
the other, withd < l. The second one is that with high interest rates (low
§) and/or very short horizon the incentive to defect could be very high.

‘I can conclude this example by stating that when international rela-
tionships are expected to last long enough (7T ->) and/or governments have
a sufficiently long horizon (4, which can also be interpreted as the probability
of surviving for the next play, is close to 1), the coordinated alternation
of contractionary and expansionary policies is the rational noncooperative
result of the supergame. On the contrary, for high discount rates, high costs
for leaving the other contracting (d), low incentives to enter a coordination
scheme (c-a), the coordination scheme can not be enforced because the incen-
tives to default are positive. Since the security strategies are (T, T), we

end again with the continuous repetition of this strategy as the only equili-

brium of the game.

4. Concluding remarks

In the previous paragraphs [ have tried to analyze in details the com-
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ponents of a process of coordinating the economic policies in a dynamic
framework.

I started showing that an optimal policy in a closed economy with
endogenous cycles must be cyclical whenever its objective function includes
the stabilization of output and prices.

Then I have proved that it becomes suboptimal when coupled to a
second similar economy, unless the government of the first country knows
the exact structure of the rest of the world and trusts the rationality of
the other government. Neglecting these aspects leads to overreactions of
the policy makers to external shocks. The informational requirements of
Nash solutions have been consequently shown in details.

But the two governments can do even better if they can coordinate
their stabilization policies, because their welfare is increased. The implemen-
tation of these schemes poses credibility problems in absence of sovranational
institutions.

Later, I have investigated the dynamic aspects of a simplified coordi-
nation scheme, and I have proved that synchronization or desynchronization
of policies basically depends on the relative gains of the alternating position
(the off-diagonal elements of the payoff matrix). A key role in coordination,
however, is played by the interest rate used to discount future gains: when
uncertainty about international relations is high (low 0 and ), countries

are expected to break any old coordination scheme (or not to enter any

new one). This seems to give some grasps for a better understanding of
international relationships among western countries in the last 15 years.

From a game theoretical point of view, the results of previous sections
can be viewed as complementary. in the case of repeated game models,
coordination and cooperation (it is impossibile to separate these two aspects)
do not arise because short-sighted or not purely rational players. In the case
of optimal control models, coordination does nor appear because of a problem
of credibility of the other players who have signed a coordinating agreement.

If one wants to paraphrase the previous statements with respect to
the problem of international economic policy coordination, he might say
that a national uncoordinated policy making is inefficient. The reasons can
be found in the short horizon of elected governments and in the absence
of a sovranational institution, able to enforce any agreement by means of

delegated powers.

Some further advances in this direction can be found in the game

theoretic approach to social institutions (Schotter 1981). In this context

one can make use of two concepts:
- a regularity R in the behaviour of members of a population P when they
are agents in a recurrent situation S is a social convention if and only

if it is true and it is common knowledge in P that:

i} everyone conforms to Rj

ii) everyone expects everyone else to conform to R;
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ili) everyone prefers to conform to R on the condition that the others do

y

since S is a coordination problem and uniform conformity to R is a coordi-
nation equilibrium in S.

- a social institution is a regularity in social behaviour that is agreed by
all members of the society, specifies behaviours in specific recurrent situa-
tions, and is either self-policed or policed by some external authority.

If my analysis is correct, we can interpret the coordination solutions
of sections 2 and 3 as possible regularity in the behaviours of this simple
2-country economy. In this line, the main problem in international policy
coordination is how to enforce coordination equilibria and/or cooperative
solutions, either by means of selfenforcing rules (such as compulsory trade
credits connected with balance surpluses) or by means of appropriate interna-
ti‘onal institutions.

The foundation of this "neocontractualist" view of institutions has
its theoretical background in the neoutilitarian school (Rawls 1972) and adopts

a functionalist view-point. Even if it is not the only theory available, it

has however a comparative advantage with respect to these kind of problems
b

since it offers operational definitions which can be somehow helpful in descri-"

bing the process of creating new institutions.
Favourable opinions to create international institutions to solve the

coordination problem can be found in recent papers (Shuntaro 1980, Brad-

sma-Huges Hallet 1934, Padoa Schioppa in Tsoukalis 1983 and in Buiter-Mar-
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ston 1985). But historical analysis of past and existing international institu-
tions shows that they are very often "just a collage or an overlapping of
different situations" so that the choice of different regulatory system remains
a conflicting arena (about international monetary institutions, see Black
in Jones-Kenen 1985, Eichengreen in Buiter-Marston 1985).

On a larger scale, there is the unanswered question of why the exten-
sion on an international scale of the financial and the production apparatuses
(worid-economy) has never been accompanied pari passu by an analogous
extension of political apparatuses (world-empire); this appears to be a regular
feature of the development of capitalism in the last four centuries (Hopkins-
Wallerstein 1982, Maddison 1982).

More than theoretical questions, like demand versus supply approaches,
the institutional arrangements seem to me the real obstacle to the recent
proposals of 'restoring Europe's prosperity” (Layard et oth. in Blanchard
et oth. 1986, Grilli-La Malfa-Savona 1985). Expecially in Europe's experience,
an unchangeable attitude in favour of national sovereignty has always domi-

nated and so far led to failure any serious attempt to coordinate the economic

policies (Emerson in Emerson 1984).
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