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CAPITAL ACCUMULATION, INFLATION AND
LONG-RUN CONFLICT IN INTERNATIONAL
OBJECTIVES
By F. VAN DER PLOEG'
1. Introduction
THts paper is concerned with the issue of whether policy objectives in an
interdependent world are better achieved when governments cooperate than
when national decisions are arrived at in a competitive fashion. The layman
might take for granted that cooperation between governments would definitely
make things better than they otherwise could be. However, most of the
theoretical and empirical findings presented in the macrceconomic literature
have hardly supported the layman's view. For example, Carloui and Taylor
(1985) show that the gains from concerted government actions are negligible
in an empirical~ study based on a two-country model where capital is perfectly
mobile, exchange rates are flexible and labour markets behave according to the
staggered wage-setting hypothesis (Taylor, 1979, 1980). In such a model
loog-run output is at its full-employment level and cannot be a(ïected by
government policy, although there is a long-run trade-ofl between the variances
of output and prices. Carloui and Taylor (1985) find that individual governments can achieve the optimal trade-olí between the asymptotic variability of
output and prices just as well by choosing their own monetary rttles as by
cooperation.
A similar conclusion is reached by Miller and Salmon (1985) in a two-country
model where output is demand-determined in the short run and where there is
risk-neutral arbitrage between domestic and loreign government bonds. In this
study there is no long-run conflict between the level of output (given by a
vertical Phillips-curve in the long run) and inflation either. A flexible exchange
rate allows each country to choose independently the desired rate of change in
the domestic price level. Each country minimises a welfare function, which is
the integral of a weighted combination of the square of core inflation and
squared deviations of output from its natural rate. Again, no long-run gains
from coordination are found, so that coordination is concerned with the efficient
adjustment towards given long-run targets. The same problem is discussed in
the work of Currie and Levine (1985) and Oudiz and Sachs (1985). All these
studies are based on "neo-Keynesian" models, where the level of activity is
' The original idca for the problem discussed in this paper arose out of a number of stimulaling
dixussions with my friend and colleague, Giancarlo Marini. 1 am very grateful lo him for these
discussions and constructive commenta on this paper. 7'he paper has also benefited from the
extremely detailed and constructive comments of the anonymous referees and from seminar
parlicipants at the Macroeconomic Workshop, Paris; Helsinki University; Birkbeck Colkge and
Warwick University. Obviously, 1 take full responsibility for all errors and omissions. This paper
is based on research funded by the Economic and Social Research Council (UK) and the Centre
for Economic Policy Research, l,ondon.
m oaror~ uai~a.itr Prn. ts911
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afiected by monetary shocks in the adjustment to equilibrium, even though the
long-run equilibrium level of output itself is given and cannot be afTected by
current, past or prospective future policy actions. One typically finds that
non-cooperative policy formulation Ieads to too tight monetary policy and to
too loose fiscal policy in the process of adjustment, so that non-cooperative
disinflation occurs excessively fast.

Similar conclusions about the desirability of coordinated policies have been
obtained in flexible price, rational expectations models with pre-negotiated
nominal wages. An example is given by Buiter and Eaton ( 1985), who show
that the Nash solution is optimal when the objective in each country is
minimising fluctuations of actual output around its ex-ante or ex-post natural
level. They also point out that gains from policy coordination can only arise
when the number of policy targets exceeds the number of policy instruments.
This means that in models where there is no long-run trade-oft between output
and inflation, the analysis may as well ( as in Buiter and Eaton, 1985) be confined
to one objective at a time, say the minimisation of fluctuations of output around
its ex-post frictionless level. In fact, if the only problem is due to the fact that
spot labour contracts are not executable, the above criterion appears to be the
most sensible one to adopt. A convincing welfare-theoretical rationale for this
view has recently been provided by Aizenman and Frenkel ( 1985).
The purpose of the present paper is to investigate whether substantial gains
from cooperation might arise in the presence of a genuine long-run inflationoutput trade-ófï ( when governments can pre-commit themselves to their
announced policies). Under conditions of complete debt neutrality, capital
accumulation and money bearing no rate of interest there is, as in the case of
a closed economy ( e.g. Tobin, 1965; Fischer, 1979; Begg, 1980; Buiter, 1981),
a genuine long-run trade-oB between inflation and output. This trade-ofï is
based on a two-country version of the Mundell-Tobin efïect. It is assumed that
neither country likes inflation; the rationale for the costs of inflation are the
usual ones presented in the literature ( e.g. Fischer and Modiglíani, 1978). Both
countries, however, desire high levels of activity. The interesting feature of such
a two-country model is that high inflation in one country leads to a reduction
in the world real interest rate and therefore to higher output in both countries.
This means that there is an incentive to trans[er the burden of bearing high
inflation to the neighbouring country. Here the case for cooperation becomes
much stronger and is also relevant in the long run, for if both countries are
prepared to live with higher anticipated inflation rates a mutual higher level of
activity and of economic welfare could be achieved.
However, this unambiguous policy prescription may not be robust with
respect to plausible changes in the specification of the model. Retaining the
assumption of full price flexibility, a"Keynesian" flavour can be introduced
by rejecting Barro's (1974) ultra-rational Ricardian hypothesis and therefore
allowing bonds to be part of net wealth and consumption to be afïected, to
some extent, by disposable income. In other words, the restrictive hypothesis
of perfect capital markets is relaxed so that private agents are unable to borrow
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(against future life-time expected earnings) on the same terms as governments
can do.' In such a context, lower monetary growth leads to less seignorage
revenues and therefore forces the servicing of a smaller government debt, so
that there is a possibility of lower wealth and consumption despite higher
holdings of real money balances. Hence, there is a possibility that a reduction
in inflation increases investment and output in the long run so that there is no
policy dilemma. However, this possibility seems rather unlikely.
Section 2 sets up a perfect-foresight model of interdependent economies with
capital accumulation, inflation and efficient exchange markets. Section 3
examines the long-run conflict in international objectives under the two
alternative specifications discussed above. Section 4 presents a linearized version
of the model of interdependent economies presented in Sections 2 and 3. Section
5 analyses the potential long-run gains from coordination by comparing various
competitive and cooperative outcomes. It first considers the "rules" outcome
where each government can pre-commit itself, uis-d-uis the private sector,
to its announced present and future monetary policies. Here cooperation is
unambiguously superior to competitive policy formulation, since coordination
achieves a reduction in the world real rate of interest and an increase in global
activity. However, this "rules" outcome suflers from time inconsistency as each
government has an incentive to levy a"surprise" inflation tax on its private
sector. Therefore Section 5 also considers credible or time-consistent monetary
policies. It shows that the resulting "discretionary" outcomes for cooperation
are no diflerent from the time-consistent outcomes under competitive policy
formulation and both lead to excessive monetary growth rates and higher levels
of activity than under coordinated or competitive policy formulation with
pre-commitment. Hence, in the absence of binding contracts or reputational
forces, cooperation is futile. Section 6 concludes the paper.

2. Capital accumulation and inflation in interdependent economies
Consider two interdependent economies with a floating exchange rate and
perfect capital mobility. There is imperfect substitution between home and
forcign goods, although home and foreign government bonds are freely
tradeable without cost and therefore perfect substitutes. Both labour and capital
are immobile. Since this paper is mainly concerned with long-run conflict in
international objectives, prices in both the goods and asset markets are assumed
to be flexible and agents are assumed to have perfect foresight. All foreign
variables and expressions are denoted by an asterisk.
Total demand in the home country, Y, consists of consumption of home goods
by home, Co(.), and foreign households, CM'(~), and of gross investment. The
' An alternative formulation is based on private sector agents having, instead of infinite lives, a
finite probability of dcath ( Blanchard, 1985; Marini and van der Ploeg, 1988). However, note thal
Gale (1983) has shown that Ricardian equivalence can hold in disequilibrium Keynesian models.
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IS-curve ignores the efTects of the real rates of interest and is given by

Y- Co(PYo~Pc, Y, V) t IC t bK f CM'(P'Yo~~P~, y, V'),
CD~ CM' ~ ~~

~~~

(2.l )

where Yo, V, K, S, y, M, P and Pc denote disposable income, real wealth, capital,
the depreciation rate, the real exchange rate, the nominal money supply, the
price of home goods and the consumers' price index of the home country,
respectively. Home consumption and exports of home goods increase when
home real disposable income or wealth increases and when the real exchange
rate depreciates. It is straightforward to allow for a negative etiect of the home
real interest rate on home consumption and of the foreign real interest rate on
exports, but this does not afTect the qualitative properties of the reduced form
and is therefore ignored. Goods market equilibrium is given by
(2.2)

Y - j(K, N)

where the supply of goods follows from a concave constant-returns-to-scale
production function, j(K, N). The supply of labour abstracts from wealth and
in[ertemporal substitution eR'ects and is given by
N - Ns(wc),

(2.3)

Ns ~ 0~

where wc is the real consumers' wage. The special case of an inelastic supply
w
of labour corresponds to NS - 0. The demand for labour follows from fN and is given by
N- Kno(w),

(2.4)

nó c ~,

where w- wcPc~P is the real producers' wage. The LM-curve is given by
MIPc - L(PY~Pc, r) - ~-(Y r)PIPa Lr 1 0,

L, c 0,

(2.5)

where r is the nominal rate of interest. The real demand for money increases
when real income or the price of consols increases. It is assumed that L(~) is
homogeneous of degree one with respect to its first argument.
The policy variable of each government is its monetary growth rate,
Ei - l~1 ~M or p', which it can increase by purchasing consols. For simplicity,
the efiects of the government's fiscal policies are suppressed, so that the
government's budget constraint can be written as
(2.6)

NM t B~r - B,

where B.is the number of outstanding bonds. The servicing of the government
debt has to be financed, cither by printing money or by issuing new bonds. It
has been assumed that bonds are not necessarily part of private sector wealth,
since financing of the public sector borrowing requirement by bonds may be
perceived as an immediate reduction in disposable income by the discounted
stream of future taxes required to service the increased government debt:
V-[PK t M t aB~r]~Pc,

0~ a~ 1,

(2.7)
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where a is the extent to which government bonds are net wealth. It is assumed
that changes in the stock of net foreign assets are a negligible proportion of
changes in total financial wealth, so that the efíects of current-account dynamics
can be ignored.~ With the aid of (2.tí) disposable income can be defined as
Yo - Y f( B~P) -(1 - a)(B~rP) - Y f a(B~P) fO- a)EiL, L- M~P,
.
(2.8)
that
so
an increase in the monetary growth rate implies less bond-finance, less
future taxes and therefore a higher level of disposable income. The case a- 0
corresponds to full debt-neutrality and relies on perfect capital markets and
infinite livcs or dynasties ( e.g. Barro, 1974). In that case there are no liquidity
constraints and thus C~ - C~ - 0 may be a reasonable assumption. The case
a~ 0, Co ~ 0 and CM ~ 0 corresponds to when agents are not ultrarational
or not altruistic or to when capital markets are imperfect.
The consumers' price index is given by
(2.9)
Pc - H(P, P'E), Ht, H2 ~ 0,
where E is the nominal exchange rate and H(-) is homogeneous of degree one.
Tfie consumers' price index increases when the price of domestic or foreign
goods increases. For example, a depreciation raises the price of imported goods
and thus the consumers' price index. The demand for capital follows from the
arbitrage condition
JK(K,N)-rtb-n,n-(P~P)`,

(3.10)

which equates the marginal product of capita) to its user cost ( i.e. the rental
plus depreciation charges, minus expected capital gains). Finally, the real
exchange rate, y- P'E~P, follows from the interest parity condition
r-a-r'-n'i-(YIY)`.

(2.11)

Equation (2.1 I) says that the arbitrage actions of risk-neutral specu)ators ensure
that the uncovered interest rate diflerential equals the expected rate of exchange
depreciation. Forward integration yields
m
Y(t) - Y(oo)exp l

-

J {(r(s, t) - n(s, t)) -( r'(s, t) - n'(s, t))} ds~,

(2.12)

where x(s, t) denotes the expectation of x(s) formed at time t, hence the real
exchange rate appreciates relative to its equilibrium value whenever the sum of
al) future expected real interest rate difíerentials in favour of the home country
is positive..
The complete two-country model can be described by 21 equations, that is
equations ( 2.1)-(2.1 I) and the foreign equivalents of equations (2.1)-(2.f0). It
corresponds to a two-country extension of previous models of closed economies
' Dornbusch and Fischer ( 1980) analyse the eBects of currenl-aocount dynamics in a small open
economy without capital accumulation.
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with Mundell-Tobin eflècts, which were constructed to demonstrate the nonneutrality of anticipated demand-side policies ( e.g. Fischer, 1979; Begg, 1980).

3. Loag-rua coaflict in interwtioaal objectives
Labour market equilibrium, Ns(wc) - KnD(wcH(1, y)), gives wc -~i(K, y),
KnDH) c 0 so that em~x - nnI(Ns - KnDH) 1 0, ~ir - KnówcHr~(NS is
given
by,
ployment
t t t N- Ns(ti(K. Y)) - h(K, Y), h~ - Nsti~,l - K, Y

(3.1)

and aggregate supply by
f ~-t-

t-

Y- I(K,h(K,Y))-F(K.Y),F,c-ficf

fivhr~O,FYYCO.Fr-lHhycO.
(3.2)

where frr } fYNhY ~ 0 is assumed to hold for both countries.
Hence, an increase in the capital stock shifts out the labour demand schedule
and therefore increases the real wage, equilibrium employment and aggregate
supply. A depreciation of the real exchange rate increases the wedge between
the producers' wage and the consumers' wage, so that employment and
aggregate supply fall.
In the steady state, the real interest rates at home and abroad are equalised
and the respective inflation rates are solely determined by domestic monetary
growth rates. Hence, r- n- r' - n', a- p, a' - p' and y- 0. From (2.10)
and (2.11), it follows that in long-run equilibrium
Íx(K, h(K, Y)) - b- Ik.(K', h `(K', 1~Y)) - b'

(33)

and therefore
t t
K" - ~(K, Y),

WK -(fYY } fYNhK),(IK.1C. f fK.~y.Il~.) J U,
K.N.i1K.) ~ 0.
Wr -~lKNhr f J K'N'hr y2 ~~(J K.K. -~ f

`

( 3.4 )

When the two economies are identical and have the same monetary growth
rates, (3.4) yields K' - K in long-run equilibrium.
3.1. Bonds ure nur ~iet w~ulth
Consider a world with perfect capital markets and infinitely-lived agents who
perceive that a change in the holdings of bonds will eventually have to be
matched by a future change in taxes of equal discounted value. In the absence
of intertemporal borrowing constraints, the impact of current disposable income
on consumption is negligible and can be ignored. When a- 0, wealth consists
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only of real money balances and capital, that is, V-(PK f M)~Pc. Hence, net
investment can be written as
K- F(K. Y) - C"(., Y. {K -f LCF(K. Y).

ÍK(K. ti(K, Y)) ~- n - bJ}~H(t, Y))

- C"'~(.. Y. {K' f L'[F'(K', Y-').

IK.(K', h '(K', Y-'))

- -~ n' - b')}~H'(1, y-')) - áK - 1(K, K',

(-) ~ f
Y, rz, n'),

(3.5)

where the partial derivatives ( evaluated at the steady state) are given by
IK-r-~l-Cy~(l
~K. -

- Cy.(Í

i- LrFKi-Lr{ÍKR}ÍKNhK})H-~

fINhKC~,

~ Ly.FK. f L~ lIK'K' f fK'N'ÍIK.})H~-1

~ O'

fr - Fr - C~ - CDCLrF~ f ~-.ÍKNh, - VH,]H- ~ - C~w' f C~r:[LY Fr
f L`IK'N'h'r' - V~H~]Hr-~IYi2
r

(GO),

Ix - - CoL,N-' ~ 0

and
IR. - - CM:L. H.- ~ ~ 0.
The life-cycle hypothesis gives C~ z r- p, so that IK ~ 0 as long as labour
supply is not too elastic. Hence, the increase in output, caused by an increase
in home capital, is outweighed by the increase in home consumption (due to
higher wealth) and the increase in wear and tear, thus resulting in a reduction
in net investment. Similarly, an increase in foreign capital boosts foreign wealth
and therefore there is an increase in home exports and a corresponding fall in
net home investment. A depreciation of the real exchange rate has four eflects.
Thc first is an increase in the home real consumers' price index, which causes
a fall in home real wealth and thus a fall in home consumption and an increase
in home investment. The second eflect is a fall in the foreign real consumers'
prices index, which causes an increase in foreign wealth and thus an increase
in home exports and fall in home investment. The third efïect is to increase the
volume of home consumption and exports and thus to reduce net investment.
The fourth efTect is to incrcase the wedge between the producers' and
consumers' wage, so that aggregate supply falls and therefore savings and net
investment fall. The first and second efïects cancxl out in symmetric economies
with C~ - C~:, so that 1, ~ 0. An increase in the home inflation rate increases
the home nominal interest rate, so that agents economise on holdings of moncy
balances, wealth and consumption fall, and thus net investment increases. An
increase in the forcign inflation rate increases the foreign nominal interest rate,
which reduces foreign wealth and home exports and thus increases net home
investment.
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Inflation

is

in

the

run

short

determined

by

(2.5), ( 2.10) and

(3.2),

M~P - L[F(K, y), jX(K, h(K, y)) t n- b], so that
t - ?
M
a-17~K. P,Y
where

( 3.6 )

1,r - - (L,Fxil-.) - irY - i~

ICNhY ~ ~~

II,,-L;' ~0,
and
nr - - (LrFr~j-.) - ixNhr j 0.
The partial derivative I1K has been evaluated on the assumption that labour
supply is not too elastic (small ht, h,). A higher stock of money requires a lower
interest rate and inflation rate in order to induce agents to willingly hold it.
A higher capital stock increases income, reduces the real interest rate, and
therefore increase money demand, which is choked otí by higher inflation. A
depreciation of the real exchange rate cuts income and reduces the real interest
rate, so that the short-run eflect on inflation is ambiguous. Obviously, inflation
is in the long run determined by the monetary growth rate (n - N).
The steady-state eflects of monetary growth on activity and the real exchange
rate follow from:

-t t (-)ff

1[K, ~(K, Y). Y, Ir. N'] - 0

(3.7)

-tf -(-)t f
~`[Il~(K,Y),K, l~Y, N`, N] - 0.

(3.8)

and

Figure 1 represents equations ( 3.7) and ( 3.8) as the zero-savings loci describing
equilibrium in the home goods market ( GME) and foreign goods market
(GME'), respectively. The GME-locus slopes downwards, because the excess
demand for home goods, induced by an increase in capital at home and abroad,
is choked ofi by a fall in net exports and increase in aggregate supply, induced
by an appreciation of the real exchange rate ( and cut in the wedge between the
producers' and consumers' wage). An increase in home ( foreign) monetary
growth increases inflation and reduces holdings of real money balances, wealth
and consumption ( exports). A real depreciation eliminates the incipient excess
supply of goods, so that the GME-locus shifts upwards. Equilibrium at home
and abroad yields
t -~-

t t

-f- t

K- R(N, N'), N - a(N, N`), Y- p (N, N`)

(3.9)

so9
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Ftc. 1. Long-run etTects of an increase in the home monetary growth rale in "ultrarational"
interdependent economies.

and"
(f)(-)
Y-Y(N, u~).

(3.10)

If the two economies are identical, the home and foreign monetary growth rates
will be the same whether policies are coordinated or determined competitively
(in Nash equilibrium) and therefore K- K' and y- 1. It is clear that an
increase in the home monetary growth rate leads to the same increase in home
inflation, a reduction in the world real interest rate and therefore to an increase
in both the home and foreign levels of capital, output and employment. This is
the interdependent analogue of the Mundell-Tobin eflect and explains that
monetary expansion is a"locomotive" policy in the long run. In fact, foreign
inflation is unatíected and therefore each country has an incentive to transfer
the burden of reducing the world real interest rate to the other country.
3.2. lmperfect capital markets and selfrshness
Now consider the situation where BarraRicardo debt neutrality does not
hold and where there are liquidity constraints, hence a- l and home consumption and cxports of home goods depend to a ot;rtain extent on home and foreign
disposable income, respectively. Manipulation of the government budget
constraint, ( 2.6), and ( 2.7) yields long-run real wealth:'
V - [PK f (r~(r - ~rt))M]~Pc.

(3.11)

s In the long run tif~M 3 B~B - N so that (2.6) gives B~M - rp~(r - p~ Substitution into (2.7)
givcs ( 3.1 I ).
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the servicing of a
An increase in inflation acts as a tax and therefore allows
value of private
boosts
the
real
debt,
which
larger interest-bearing government
and
(3.2)
into (3.11), one
(2.9),
(2.10)
substitution
of
(2.5),
sector wealth. Upon
real
wealth:
of
long-run
component
obtains the financial
V-(PKIPc) - LCF(K, Y)IH(1, Y). Ic f p- b](fr f N - b)I(Ix - b)

f -?

(3.12)
VF, - CrL, t(MIPc~I(r - u) ~ 0which
An increase in the monetary growth rate increases long-run inflation,
money
balances.
reduces
the
holdings
of
interest
rate
and
the
nominal
increases
However, it also increases the revenue from the tntiation tax ' and allows the
servicing of a larger interest-bearing government1debt. The net efTect of inflation
on financial wealth is therefore ambiguous. Note that, with full debt neutrality
(see Section 3.1), inHation unambiguously decrcases financial wealth in the long
run.
Upon substitution of (2.9), ( 3.2), (3.12) and BIPc - pVF into ( 2.1), one
obtains thc long-run expression:
IC - F(K, y) - bK - CD(F(K, y)IH(1, y) t pVF(K, y, N), y, KH(1, y)-'
- Vf(K, Y, N).

f VF(K, Y, l~)7 - CM'[F'(K', Y-')IH'(1, 1IY)

t p'Vf~(K'. 1~Y. N`), Y, K'N`(1, 1IY)-' f VF~(K`, IIY, l~')~
(-) -

(-) ? ?

(3.13)
Y. l~.l~`) - 0.
One of the difierences with Section 3.1 is that real income and interest payments
now play a role in the consumption and export functions. This tends to
accentuate the negative efíects of an increase in home or foreign capital and a
real depreciation on net investment. The main point is, however, that the
long-run efTects of the monetary growth rates on net investment are no longer
unambiguous ( as they were in (3.5)):
- I( K, K`.

I„ -- C,o.(VF t pV,F,) - C~V;, ~ 0
and
N.
- Cy.VF~
M. ~ 0.
IM, -- Cy.(Vf~ f {~'VF~)

For example, if V M ~ 0 and V M: ~ 0, then 1„ ~ 0 and I,,. ~ 0 and therefore
K„ ~ 0 and RN. ~ 0. It is therefore possible that, if the eflects of the "inflation
tax" on publíc sector debt are large enough, an increase in the monetary growth
rate reduces both the home and foreign levels of capital, output and employment. In that case, monetary expansion is a"beggar-thy-neighbour" policy,
but more importantly the long-run conflict between inflation and output or
employment has disappeared. From a practical point of view, it seems unlikely
that there is no conflict between inflation and activity. Nevertheless, the
relaxation of debt neutrality dces seem to improve the long-run inflation-output
tradc-off.
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4. A linearized disequilibrium system of interdependent economies

It has been shown in Section 3 that a higher domestic monetary growth rate
typically leads in the long run to increases in capital, output and employment.
A linearized disequilibrium version of this result for symmetric interdependent
economies with C~ - C~ - r- n around p-{z' - 0 can be written as:`
k-- Qt k' - Qz(1 f 1') - Q3e,
k' -- Q~k - Qz(1 f 1') f Q~e,

k(~) - ko,

(4.1)

k'(~) - ko,

(4.2)

~-P-n-1~-QakfQsf-Q6e.

1(fl)-free,

f`-p'-n'-u'-Q.k'fQsl'fQee,

(4.3)

1'(0)-free, (4.4)

and
é- Q,(k' - k) - Qee,

e(U) - free.

(4.5)

where e - log(y), k and ! - log(L) - log(M~P) are expressed as the logarithmic
deviations from the steady-state levels associated with zero inflation (p N'-~),Qt -Cv ~~,Qz-CML~K'~~,Q~--(Fy-Co-CM~)Y~K]0,
Qs-KT1K~l), Qs- -LTI~~O, Qe-Ynrcfl, Q~- -K(ÍK~r}JKNhK)1O
and (fe - - 2yJKNhy ~ 0. The steady state is givcn by n - p, n' - ~', e- 0,
k- k' --~(Qz~A)(N f P') and 1 - C(Qt f~Q:Qs~Qs)u -(QzQa~Qs)N'~~0,
where 0- - Q,Qs - QzQ4 ~ 0. The normalisation Qz -- 20 is employed, so
that in steady state k- k' - p f p'. Hence, in the steady state inflation is
entirely a monetary phenomena, purchasing power parity holds and activity
(the real interest rate) is, via the interdependent Mundell-Tobin efíect, an
increasing (decreasing) function of monetary growth at home and abroad. The
steady-state level of real money balances decreases when home monetary
growth increases and when foreign monetary growth decreases. lt can be
shown that, when 2Q~Q~ ~ Q, Qs, the ]acobian of the system ( 4.1)-(4.5) satisfies
the saddlepoint property, that is, it has two stable eigenvalues associated with
the backward-looking ( predetermined) variables, k and k', and three unstable
eigenvalues associated with the forward-looking (jump) variables, 1, 1' and e.

In fact, given that the two economies have an ídentical structure, it is possible
to give a complete diagrammatic analysis in terms of global averages and
diflerences ( cf., Aoki, 1981). If average activity and average liquidity in the world
economy are given by k' -~(k i- k') and 1' -}(l f f'), one obtains the
independent sub-system:

(~' ) - `- Qa

- QsI `~oI } `~I(p

f ft').

(4.6)

`Equations ( 4.1)-(4.2) follow from log-linearising !~ a F(K,Y)- Co(.,r,(K t L)H-')C"~~1-. Y. ( K' f L')H' - ' ) - áK, equations (4.3)-(4.4) from bg-linearising ( 3.6), and equation (4.5)
fromé-Jr-I1;..
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k-k'-k"
Ftc. 2. Unanticipated increase in monetary growth in interdependent economies.

Similarly, if k" - k- k', one obtains the independent sub-system:
C~I ~ - `- ~~

- ~~3)(eI ).

(4.7 )

The determinants of the Jacobians of (4.6). A c 0, and of (4.7), ~3,~8 2Q~Q, ~ 0(for not too elastic labour supply), are both negative, so that the
equilibria of the two sub-systems are saddlepoints.s This corresponds to the
forward-looking behaviour of I", 1' and e and to the backward-looking
behaviour of k" and k'.
Since there are no shocks that give rise to relative demand shifts, (4.7) shows
that k" - e- 0 must hold all the time. It follows that k- k' - k", 1- 1" t 21~,
1~-1"-~1',n-~tak-~islandn~-~ok-~sl',wherek,!"andta-l-1'
follow from the dynamics of (4.6) and
~J - N' t ~s1J,

l~l~) - frce.

(4.8)

Note that ther~ is no cxchunge rate overshooting, because the goods and labour
markets are assumed to clear instantaneously.
Figure 2 shuws what happens if there is an unanticipated permanent incrcase
in either the home or foreign monetary growth or in both. On impact global

sThe eigrnvalucs of the system (4.1)-(4.5) and of the systems (4.6). (4.7) anJ I' - p' -(f.k'
t~sl' t 2a~r are exactly thc same.
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rcal liquidity jumps discretely downwards, overshooting its new equilibrium
value, and afterwards gradually rises along the stable arm to the new
equilibrium F.'. Employment, output and capital (i.e. activity) do not change
on impact, but afterwards gradually incrcase as the real interest rate falls.b On
impact, the ditíerence in real liquidities, 1', jumps immediately to (p' -{~)~Qs.
Flence, a common increase in the monetary growth rates leads on impact to an
upward jump in the common inflation rate which overshoots the higher
equilibrium level. Also, an increase in the home monetary growth rate reduces
home liquidity and increases foreign liquidity and therefore increases home
inflation and reduces foreign inflation. The dynamic consequences of anticipated
or temporary changes in the monetary growth rates can also be analysed in
terms of averages and ditïerences.
5. Gains from macroeconomic policy coordination: a long-run perspective
This section compares various cooperative and competitive outcomes. The
welfare loss function of each government is quadratic and depends positively
on activity and negatively on inflation:'
~
Min W- f[9(k - k~Z f n2] exp( - pt)dt,
M
J

9~ 0,

rc ~ 0

(5.1)

0

where fc and zero are the desired valucs for the two objectives of economic
policy and p is the rate of time preference. The long-run conflict manifests itself
in the target (or full-employment) level of the capital stock being inconsistent
with no inflation. Nole that the qualitative conclusions of the analysis are
unaffected when the government also cares about the level of national income
and~or employment, as both of thesc are positively correlated with output. The
individual governments minimise (5.1) subject to the system (4.1)-(4.5).
Discounting is introduced to ensure that the welfare loss function converges,
but to keep matters simple results are presented for the case where the discount
rate is arbitrarily small. This does not aflect the qualitative nature of the results.
Section 5.1 considers the steady state of various cooperative and competitive
diflerential-game outcomes when each government can pre-commit itself to its
announcements about present and future monetary policies. The Appendix
shows that, when p-~ 0, those steady-state outcomes with pre-commitment
can also be obtained from minimising the asymptotic welfare loss function,
0(k - k~2 f p~ for the home government and B(k' - c~2 f u'2 for the foreign
government, subject to the steady-state constraint, k- k' - p f p'. The
Appendix also considers the disequilibrium features of the optimal strategies.
Section 5.2 uses differential game theory to analyse the intertemporal trade-offs

f

óThe speed at which activity mova towards the new equilibrium is given by }(Rs -~~) IBs - 6~)' - e.

' The eBects of a morc general welfarc loss function, which depends on aggrcgate consumption
and therefore on income ( capitali, liquidity and monetary growth, is discussed in Section 5.2.
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and demonstrates that the non-cooperative outcomes of Section 5.1 are time
inconsistent. Section 5.2 also discusses credible solution concepts for competitive decision making in interdependeat dynamic economies with perfect
foresight.

5.1. Asymptotic cooperatiue an~J competitiue outcomes under pre-commitment
In the Nash equilibrium each country takes the poticies of the other country
as given, which yields the asymptotic reaction curve
it - B(Tc - p`)~(1 t 6).

(5.2)

When the rival country increases its monetary growth rate, home output
increases yet home inflation is unafïected. This diminishes the marginal welfare
of income, so that the home government shifts its attention towards the in8ation
target and thus reduces its monetary growth rate. The intersection of the home
and foreign reaction curve yields, for the case fc - Á-C', the asymptotic symmetric
Nash equilibrium solution:
'
l~ - N` - Nrv - 9k~(1 t 2U).

(5.3)

Obviously, when the priority attached to improving capital, output or employment ( U) increases, the governments end up with higher inflation rates.
An alternative solution concept for competitive policy tormulation is the
Stackelberg equilibrium solution. If the foreign country is the leader, it
minimises its welfare loss funetion subject to the follower's reaction curve, (5.2).
This yields the leader's asymptotíc monetary growth rate,
p' -~; - U~C~(1 t 3U t B2) ~ {~N,

(5.4)

and the follower's asymptotic monetary growth rate,
N-{~,-U(1fU)~C~(1-4-3UtU2)~I~N~yr;.

(5.5)

The leader has managed to transfer some of the burden of lowering the world
real interest rate to the follower, which makes the leader better otï and the
follower worse ofT than in the Nash equilibrium solution.e Note that both
countries also end up with lower levels of capital, output and employment than
in the Nash equilibrium solution.
When the two countries coordinate their monetary policies, they might
minimize the global welfare loss:
Min W~- W' - J[U(k - Ic~2 t U(k' -~C`)Z -{- nZ t n"~] exp( - pt) dr,
M. Y ~

0

( 5.6 )
' The fullower is worse uff, because it ends up with higher innation and luwer output,
k- k' z FO(2 t U)~(1 t 3U t U1) ~ 2N, lhan in the Nash case.
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which, in the absence of asymmetric preferences, yields the Nash bargaining
solution. This yields the asymptotic cooperative monetary growth rates,
N-N`-Nc-28k~(It4B)~N:~NN~N;.

(5.7)

so that coordination leads to a joint expansion of monetary growth rates. The
reason for this is that with cooperation there is no longer an incentive to transfer
the burden of bearing high inflation to the rival country. The steady-state level
of activity under coordination ( k - k' - kc) exceeds the level of activity under
Nash-competition ( k - k' - kN), which exceeds the level of activity under
Stackelberg-competition ( k - k' - k, - N, t N; ): kc ~ kN ~ k,. The cooperative outcome is not sustainable without some form ot commitment, since each
country has an incentive to deviate. If the home country cheats, it chooses to
reduce its monetary growth.
N; c N- Nn - 9(1 t 29)~c~(1 f 49)(1 f 9) c NN,

(5.8)

iri order to reap the benefits of a relatively low world real rate of interest without
sufiering from high inflation. The various cooperative and competitive outcomes
are portrayed in Figure 3.
It can be shown that the percentage reduction in welfare loss obtained from
international policy coordination is 100 B~[(1 - }. B)(1 -}- 46)], which corresponds to 7.4 "Io, 10 "~o, 11.1 "~o and 10 "~o for B- 2, 1, ~ and ~. These are
substantial gains from coordination, since they last forever. The corresponding
gains in previous studies are zero (e.g., Currie and Levine, 1985; Miller and
Salmon, 1985; Oudiz and Sachs, 1985; Rogofl, 1985), since these studies only
considered transient trade-ofl's.
If, however, one country ( say, the foreign country) were interested in a
relatively higher level of national activity (k' ~ k~, one obtains
N-N`-Nc-e(~t~C')~(1f4B)

(5.9)

under coordination or
N- Nn - BC~C t B(rc - l-c')]~(1 ~- 2B)

(5.10)

N`-NN-e[~C't8(~`-~7~(1f20)~N,v

(5.11)

and
under competitive (Nash) policy formulation. The foreign country engages in
a more inflationary strategy, since it cares more for a higher level of activity.
The home country benefits from the reduction in the world real interest rate
and can therefore afíord to pursue a less inflationary strategy.
5.2. CreJibility and coordination
The problem with decentralised international policy formulation with precommitment, as discussed in Section 5.1, is that it is time inconsistent, since
each government has an incentive to revise and re-optimise its announced
optimal monetary policies after some time. This time inconsistency refers to the
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e1F
lte
FtG. 3. Cooperative and competitive monetary poticia under pre-commitment.
Key:

R-Reaction curve of home country
N-Nash equilibrium
S-Stackelberg equilibrium (if the home eountry follo~vs)
E -Eft'icient outcoma

C-Cooperative (Nash bargaining) outcome
D-Devistion of the home country from the coopeative outcome
L -"Loss of leadership" solution

fact that it pays a government or Central Bank to renege on the promise it has
made about its futurc monetary policies to the private sectors. It should be
distinguished from when a government deviates from a cooperative agreement
and cheats on a rival government. The time inconsistency also holds at the steady
state of the pre-commitment non-cooperative outcomes, so that these outcomes
are, in the absence of "binding contracts" or reputational forces, unattainable
or not credible. This can be seen from the fact that the shadow prices of the
forward-looking expectations variables, I' and l~,' are uro at the beginning of
the planning period, as they are unconstrained by their past history at time
zero and therefore their marginal contribution to economic welfare should be
uro at that point of time, but they ditTer from uro after time zero (see
Appendix). T'he intuition behind the time inconsistency of optimal monetary
policy is that each government has an incentive to levy a"surprise" inflation
' For the Stackelberg outoome with prc-0ommitmrn4 the home eountry's shadow~priae of activity
is also a forward-looking varisble as far as the foreign couniry is concsroed (aee Appendix).
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tax and thereby erode the real value of money balances (cL, Calvo, 1978). The
time inconsistency of the non-cooperative outcomes with pre-commítment
raises welfare by a sufficient amount to ensure that all multilateral incentives
to renege with a"surprise" inflation tax are eliminated (see Appendix), which
can be seen from the fact that the shadowprices of the forward-looking variables,
1" and 1', are always zero for this case. However, there is, of course,
the usual unilateral incxntive to deviate from the cooperative outcome
(see equation (5.8)).
When neither government can pre-commit itselt to its announced optimal
monetary growth rates, time-consistent non-cooperative outcomes are relevant.
Both the "loss of leadership" solution proposed by Buiter (1983) and the
dynamic programming solution proposed by Cohen and Michel (1984)'o treat
the forward-looking variables, 1' and l', as predetermined at the time of
optimisation and, as the Appendix shows, lead to an infinite number of
solutions. However, if the monetary growth rate enters the welfare loss function
directly or indirectly, this indeterminacy can be resolved. For example, if each
government wants to increase aggregate consumption and decrease inftation,
the welfare loss criterion becomes, instead of (5.1):
~
Min WM

J [8(D,k t ~ZI f B3p - c)2 f n~]exp(- pt)dt, Bt, 92, B3, c~ 0
0

(5.12)

wherc c denotes the desired value of aggregate consumption. The long-run
conflict now manifests itself in the target level of aggregate consumption being
inconsistent with no inflation. Consumption of home and foreign goods
increases with wealth, so that it increases with capital (k) and holdings of real
money balances (1). Consumption typically also depends on dísposable income,
so that it increases with production income (proxied by k) and, to the extent
that public sector deficits~are not financed by consols, the discounted stream of
future inflation taxes diminishes (see equation (2.8)) and thus consumption
increases with the monetary growth rate (pL). It is a straightforward exercise
to show that, when c- c', the steady-state values of the monetary growth rates
under international policy coordination with pre-commitment are
{~-N'-Nc-1r788e,

Ba-2Ht-~~2~2Q`~S

1~f0~

(5.13)

and under decentralised formulation of national pol`icies with pre-commitment
are
G~1~,
N- Ni -~N -

I

~ G f7S - f7t

f 02~~4~3

1

t f B~ G B`.

OQ~iy~y
I

(5.14)

'ol'he dynamic prugrrmming solution assumes that f' and 1~ are a linear function of the
prcdetermined vanable, k', as given by the stable manifold.
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The steady-values of consumption are given by B~{~c and B~pN, respectively.
Note that, when 6, - 1, Uz - 93 - 0 and c- y, then 9~ - 2, BS - 1 and thus
(5.13) and (5.14) reduce to (S.7) and (5.3). It is also clear that competitive policy
formulation with pre-commitment leads to inefficiently low levels of monetary
growth and activity. Coordination with pre-commitment is, for 9~ ~ 0, now
time inconsistent, since the marginal value of global liquidity to the world planner
is strictly negative and therefore there is an íncentive to renege and impose a
"surprise" inflation tax (see Appendix). Decentralised policy formulation is,
as before, time inconsistent.
Now consider the credible outcomes. The "loss of leadership" solution
recognises that the governments are unable to influence the expectations of the
private sectors and therefore treats the forward-looking variables, l' and 1~, as
predetermined. It follows that the "loss of leadership" solution for both the
cooperative and non-cooperative outcome lead to the following monetary
growth rates (see Appendix):
~-I4~-J~r.-~~ea~Itc~NH.

(S.1S)

Since the governments have lost their ability to make credible announcements
about future monetary policy, the governments perceive that they cannot
influence the inflation rates and therefore pursue a policy of exactly achieving
the desired level of aggregate consumption. It follows that international
cooperation is futile as the welfare loss is exactly the same as under the compctitive (Nash and Stackelberg) outcomes, that is W- W' - WL - c~~9;.' `
There simply is no point in international policy coordination, because neither
country has credibility and therefore each country is forced to set the level of
activity to its desired level.
The asymptotic welfarc loss under policy coordination with pre-commitment
is given by
W-W'-Wc-Bé~~(l

f9B~)cWi,

(5.16)

so that the world planner can obviously improve global welfare when it can
establish binding contracts or a reputation tor not reneging with the private
sectors. The welfare loss of competitive ( Nash) policy formulation with
pre-commitment is given by

W- W' - Wx a e(I f 6B,)c~~(I f 96~6s)'

(S.I7)

which is less than Wi if 1 f BB~(~s9s - 9i)~~s ~ 0 holds.
It may be that the foreign country cannot pre-commit and is therefore foroed
to use credible policies, p' - p~. If the home government can pre-commit then
the steady-state outcome under decentralized policy formulation is given by

~-~N~ - eBs~~[e.(1 f ee,)] ~ aN.

(S.la)

" Strictly speakinó, the welfare lossa for the ax that p~ 0 do not converóe and thereforc
cannot lx evaluated. Hence, the welfarc loasa given arc asymptotic averasa over time.
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Since the foreign government is forced to have an excessive monetary growth
rate, it carries most of the burden of reducing the world real interest rate.
It follows that the home country can reap the benefits in terms of higher
activity and therefore engage in a less inflationary policy. Note that, if
1 t BB.(~,9j - B2)~~, ~ 0, the foreign government has no incentive to build
a reputation with its private sector, but that the home government has an
unambiguous incentive to pre-commit itself ( as W- WNC - ~I~NCI e. ~ Wi)-

6. Coocludiae remarks
The main objective of this paper was to investigate the case for coordination
in the presence of a genuine long-run output-in8ation trade-ofi when governments are able to pre-commit to their announced optimal policies. In a classical
stock-flow model of interdependent economies, higher rates of monetary growth
boost economic activity at home and abroad due to a two-country version of
the Mundell-Tobin efïect. Non-neutrality of government debt and liquidity
constraints weaken the long-run output-inflation trade-ofl, since a higher rate
of monetary growth means more revenues from the "inflation tax", permits the
servicing of a higher government debt and therefore the associated increase in
private sector wealth increases consumption and leads to some crowding out
of private sector investment. Since each country wishes to transfer the burden
of higher inflation and the job of lowering the world real interest rate to
the other country, competitive policies ( whether in Nash or in Stackelberg
equilibrium with pre-commitment uis-à-uis the private section) lead to two low
inflation rates and to too low levels of capital, output and employment.
Coordination leads to a lower world real interest rate and higher activity, but
each country has an incentive to deviate by lowering its rate of monetary
growth. These results suggest an international stale-mate in reducing the world
real rate of interest.
However, if the governments are unable to pre-commit themselves due to the
absence of binding contracts of reputational forces, the above results no longer
hold. The problem is that the pre-commitment or "rules" outcomes are time
inconsistent, since each government has an incentive to renege and levy a
"surprise" inflation tax and thereby erode the real value of money balances
accumulated by the private sector. The consistent or '.'discretionary" ("loss of
leadership") outcomes lead to excessive monetary growth rates, since neither
government is able to manipulate the inflation rate and therefore they attempt
to achieve the desired level of real activity exactly. It therefore dces not matter
whether governments coordinate or engage in compctitive policy formulation
and in buth cases welfare is worse than under international policy coordination
with pre-commitment. Hence, international policy coordination without precommitment yields the same welfare as competitive policy formulation without
pre-commitment whilst pre-commitment without international cooperation
does not pay.
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Previous studies (e.g. Carlozzi and Taylor, 1985; Miller and Salmon, 1985;
Currie and Levine, 1985; Oudiz and Sachs, 1985) did not allow for a long-run
trade-ofí between output and inflation, hence the optimal plan is consistent
once the steady state is reached and dynamic inconsistency is therefore a
transient issue. However, when there is a long-run trade-oflbetween activity
and inflation, both the competitive and cooperative policies with pre-commitment are time inconsistent, even once the steady state has been reached. Clearly,
time inconsistency is therefore a more persistent problem in models with
long-run trade-ofís. It should be pointed out that there may be a long-run role
for international policy coordination in natural-rate-models when there are
permanent shocks and both fiscal and policy instruments (e.g. Currie, Levine
and Vidalis, 1987). In such models international cooperation without precommitment and pre-commitment without international cooperation do not
necessarily pay (also see Rogofl, 1985; Miller and Salmon, 1985; Oudiz and
Sachs, 1985; van der Ploeg, 1988). However, some argue that, when the game
between the two governments and the private sector is treated as a sequential
game, international policy coordination is a dominant and subgame-perfect
strategy of the two Centra) Banks and therefore non-cooperation without
pre-commitment is not a relevant outcome (Carraro and Giavaui, 1988).
Although it requires a considerable stretch of the imagination, it may be
useful to indulge in a brief empirical note. In the late sixties and early seventies
the trust and cooperation between governments and private sectors that
developed in the immediate post-war period broke down in most countries.
This meant that governments could no longer make credible announcements
about future monetary policy. The eventual result was the consistent solution
with excessive inflation rates and too high levels of activity relative to the
outcomes that would pertain under international policy coordination with
pre-commitment. In the late seventies and eighties governments began to build
a reputation for "sticking to their guns" (cL Backus and Driffill, 1985). This
meant that after some time pre-commitment outcomes became feasible. This
resulted in a non-cooperation trap of much too low monetary growth rates and
too low levels of real activity. [t is not clear whether welfare is now lower or
higher than in the early seventies, but it is clear that, now credibility has been
achieved, there are large welfare gains from international policy coordination.
The challenge is to persuade the major industrial countries to multilaterally
increase their monetary growth rates, reduce the world real interest rate,
increase world activity and increase welfare without damaging the reputations
with the private sectors.
There are at least four interesting directions of future research. The first is to
explore the issues discussed in this paper within the context of a model with
proper micro foundations. The main difficulty will be to spxify a satisfactory
theory of the demand for money, but at least an explicit welfare analysis will
bc possible. It will be necessary to allow for time-varying rates of time preference
and for finite horizons (Blanchard, 1985) in order to give a role for monetary
policy (Marini and van der Ploeg, 1988). Finite lives are required, because when
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agents are infinitely lived monetary policy is super-neutral (Sidrauski, 1967).
The second direction is to properly allow for current-account dynamics
(cf. Dornbusch and Fischer, 1980). The third is to relax the classical [eatures
of the model presented in this paper and to allow for Keynesian rigidities in
wage and price formation (e.g. Taylor, 1979, 1980). This means that the Ievels
of real liquidity become predetermined and are no longer [orward-looking,
so that there is an inflation-output trade-otí even under credible policy
formulation. In such a more general model, it is possible ihat, if governments
cannot pre-commit, coordination can exacerbate the "credibility constraints'
and therefore can be counter-productive and make both countries worse off
(cL RogofT, 1985). It is also possible to allow for internal adjustment costs in
investment decisions. This provides additional incentives to renege, for a
governmcnt might announce a high monetary growth rate in order to depress
the real interest rate and encourage investment. But once some capital has been
accumulated, the government chcats and implements a lower monetary growth ~
rate than promised. This reneging goes in the opposite direction of the levy of
a"surprise" inflation tax and can provide an additional reason why coordination might be counter-productive. The final direction is to extend the analysis
to a model of three of more interdependent economies (e.g. Canzoneri and
Henderson, 1986). I[ the two countries considered in this paper are the US and
Europe, it is implicitly assumed that the individual countries that make up
Europe cooperate and coordinate their policies. However, when the member
states of Europe engage in competitive policy formulation and there are
international externalities, the aggregate reaction curve of Europe difíers.
Cooperation within Europe may engender a deflationary response of the US,
which can conceivably make coordination of European policies counterproductive.
Centre for Economic Research, Tilburg Uniuersity, The Netherlands
APPENDIX
Courdination
The cooperative strategies, when lhe governments can pre-commit Ihemselves to their announcements about present and future policies, can be found from choosing P and N' to minimise W f W',
i.e. (S.6), subject to eyuations ( 4.6), (4.8), k- k' ~ k', a~ Q~k' - Qs(1' t}!~) and ac' - Q~k'
- Qs(N -}I'). lf the Hamiltonian is defined as
H - }~U(k' - ~C)j t 0(k' - k')s t {Qak' - Qs(1' t }la)}s t (Qsk' - Qs(I' - }l~)} ~
( A I)

t.i, k' t,iI I' t~l s}'.
unc ubla~ns tl„ -},ii t Às - 0, lIN. -}ÀS - .is - 0.
pd~-A~-fls.-Ulk'- c~tU(k'-fc')t U.{Q.k'-Qsll't}1')}
t )1.{Q.k~ - Qs(1' - }l~)} - Q~~~ - QaZ:.

~il~) - free

(A2)

p.i: - ,is - tlr - - Qs{Q.k~ - Qsll' t }I')} - Qs{{l.k` - Qsll' - }!')}
- Q:À~ t QsZ:,

2:(0) - fi.

(A3)
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and

vx, - ~, ~ Hr - - iBs{B.k' - BS(i' t }N)} t }Bs{Bak' - Bs(r - }f')}
f Bs~l,, x,(0) ~ 0

(A4)

as the first-order conditions. Since M and N are forward-looking variables and unconstrained by
their past history, their marginal contribution to welfare must be uro at the beginning of the
planning horizon and consequently ~t:(0) - dy(0) - 0(cC Calvo, 1978)- In fact, H, - Hp. ~ 0 yields
,l:(t) z x,(t) - 0, Vt ~ 0. This implies that for cooperative sirategies there is no multilateral incentive
to re-optimix ( renege), so that policy coordination ia time consistent. (There is, of courx, a
unilateral incentive to deviale from the cooperative outcome). It follows from (A4) that 1'(r) - 0,
Vt ~ 0, so that 1 - 1' - 1'. (A3) gives a- ~c' - -}B,x~~Bs and (4.8) gives {[ - N'. Upon subslilution
of thex results and (4.6) into (A2j, one obtains, after some manipulation, the cloxd-loop
reprexntation of the optimal open-loop ( pre-commitment) policies for p- 0:

u- v' - Bak' - Bsf' }}(BsIB's)[(2Ba - 1)(Bak' - Bsl') - Bak.
- 0(k' - ~ - 0(k' - ~')l.

(AS)

Substitution of (AS) into ( 4.6) yields the closed-loop system:
k' -- B~ k' - B:1',

(Atí)

k'(01 - kó

~' -}(B:IBs)L(2Ba - 1)(Bak' - Bsf') - Bak' - 0(k' - k~ - O(k' - fc')].

N(0) s frx.
(A7)

Thc Jacobian

system

(A6)-(A7)

has

one

stabk

and

one

unatabk

eigenvalut,

of the
t f 40, corresponding to the backward-looking variable, k', and the forward-looking
t}(B:~Bs)
variable, I', respectively. The steady state of this system yields p a p' - sr a a' ~ 0(~C t fc')~
( I f 40) (xe (3.7) and (5.9)) and k~ k' ~ 2B(fc f k')~( I f 40). The movement along tht stable
manifold is given by
k(r) ~ k'(r) ~ exp( -,ir)k '(01 f[1 - exP(- ~lt)]20(fc t fi')~(1 f 40)

where the speed of adjustment, ,l aE

}(B~~B s)

(A8)

1 t 40, is an increasing function of the priority

attached to the output target.
If !he welfarc loss criterion is, instead of (3.1 ]. (3.12) and è s c', p s p' a~ is given by (3.13),
,ii(ao) - 200,é~( I t 00}) ~ 0 and ~l,(ao) ~ 0. If 0, ~ 0, there is a multilateral incentive to renege
as 12(ao) ~ 0. Henoe, with welfare loss functions that depend on the monelary growth rate, policy
coordination with pre-commitment is time inconsistent. The "loss of kadership" solution
(Buiter, 1983) xts xr z~l, - 0, dt ~ 0 and thereforc 0~ y t Ojf t O,v ~ 0~ y' t Osl' f O,v' - é,
V[ 3 0. Hence, in the steady state, N s{~' a N~ ~ è~0a.
Competitint Nash equilibrium
The oplimal policies with prc-commitrnent of the home country, given the optimal policies of
the foreign country, may be found from choosing N to minimize W, i.e. (3.1), subject to (4.6) and
(4.8). One obtains H, -}v, f r, z 0,
pr~ - Y~ ~ H4' a 0(k' -~ f Bs { Bak' - Bs(1' .F }la) }- Bi r~
- Bsr:,

(A9)

v~(0) a fret,

vvi - v: ~ Hr -- Bs{Bak' - Bs(I' t}N)} - Brri f Bsvl,

ri(0) ~ 0

(A10)

and

vv,-k,SHr--}Bs{Bak'-Bs(Pf}N)}fB,r„

r,(0)~0,

(All)

wherc the home country's Hamiltonian is defined as
H~}0(k'-k~'t}{Bak'-BS(Nt}N)}sfr~lt'fr2Nfr,N.

(A12)
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Similarly, for the foreign country one obtains ~v2 - v~ - 0,
pv~ - ~~ - U(k' - ~') t ila{(p.k' - ~s(r - ~l')} - ~~vi
- ~~vi,

v~(0) a free,

(A13)

pvi - ~i - - ~s{~.k' - ~slf' - }N)} - ~ivi t ~svi.

vil0) - 0

(A14)

and
pvi - vi - ~Qs{~.k' - Qsll' - ~1')} t ~svi.

vi(0) - 0.

(Al5)

Since there are 5 predetermined variables, i.e. k', v,, v~, vi and v~, and 4 jump variables, i.e. 1', 1~,
v, and v~ , the transient dynamics takes place on a S-dimensional stable manifokl. The steady state
of this system for p- 0 satisfies from (4.6)-(4.8) k' a N t p', ac s N and a' ~ p', from (A9)-(A I 1),
N- 0(k-- N')~(1 t B), and from (A13)-(A1S), p' ~ B(FC' - N)~(l t B} Intersection of these
asymptolic reaction curves, i.e. ( S.2), yields the steady-state Nash equilibrium with pre-commitmeot,
( 5.3) or ( 5.10)-( S.I l). The associated steady-state values of the co-states arc v, -- 2~sNNlai ~ 0.
v, -- 2v, ~- NN ~ 0, vi ~- 2asNNI~s ~ 0 and vi z 2v3 ~- NM ~ 0. Unless there are no
distortions in the economies (E ~ E' a 0), each governrttent has an incentive to re-optimise (renege)
and re-set the co-states of the forward-looking variables to uro as after time uro v, ~ 0, vs ~ 0,
v~ ~ 0 and v~ L 0. This problem of time inconsistcncy means that the Nash equilibrium with
pre-commitment is, in the absenoe of explicit or implicit binding contracts, not credible. The "loss
of leadership" solution to the problem of timo inconsistency (Buiter, 1983) treats the forwardlooking variables as given, so Ihat v,(t) : vs(t) ~ vi(t) 3 v;(t) a v;(r) ~ 0, dt 3 0 and equalions
(A10). (AI I), (Al4) and (AIS) are ignored. It is immediatcly clear from (4.6), (4.8). (A9) and (Al3)
that there are an infinite number of "loss of leadership" solutions (even if p a 0). Because the
backward-looking Iaws of motion are independent of economic policy, the same indeterminacy
occurs for the time-consistent solution proposed by Cohen and Michel (1984).
If the welfare loss criterion is (S.12) rather than (S.1), the pre-commitment outcomes are given
by (S.14), vi(~)~v](~)--~NN-B(0)-}Bs~s~)(c-B.NN)~0 and vs(~)~-vi(~)}pN t jUO,~~ ~(é - O~NN) ~ 0 and are therefore time inconsistent. The "loss of leadership"
solution sets v, ~ vs - vi - v~ - 0, Vt 3 0 and therefore O,k t B,f t 9sN - O,k' t 0,1' t Osp'
- c, Vt 3 0. The steady-state outcome is therefore N z p' ~ pc ~ c~B~.

Cumpetitiur Stuckelbery rquilibrium
Thc optimal policies with pre-commitment of the Stackelberg leader may be found from choosing
the time-trajectory for N' to minimise W' subject to (4.6). (4.8), v, -- 2v~, (A9), (A!0) and (Al l).
(AI I) can be replaced by 2~sn t~,v, - 0. Hence, if lhe leader's Hamiltonian is defined as
tf' -~Olk' - fc)s t }{~ak' - Qs(1' -}1s)}j t w,k' t w,Í' t wsÍ'
t cu~'v, t c,is'v, t ws[2~s{~ak' -~s(1' t{I')} -~ ~,v,]

(A16)

one obtains fIM. - jui, - w~ - 0,
pcu~ -iu, -H,f~-O(k'-fc)t~.{~.k'-~s(1'-~I')}
-(0 t lt:)w. t~.PsWS t 2~i~e.

- {f,a, -ll.~:

m~(0) - free.

(A17)

p~ili - ~: - H f - - ~s{~.k' - ~slr - ~f~)} - 8:~~ t ~s~: t ~.Qs~.

(Ala)

- I's~~ - 2pw,b. v,,lo) - o.

V~~ - w~ - H~ - ~as{esk' - ifs(1' - ~l.)} t asw~ t ~v.ÍfsW. - ~if;~s
- ~.~s~s.

(A19)

~i10) s 0,

p~. - tus - H :, -~~~. t r4:~s t~z~s.

~.10) z 0

(A20)
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and
lxos - ws - If.', -~a~~ - Rsms.

ms(0) ~ frce.

(A21)

Thc transicnt dynamics takes place on a 4-dimensional atabk manifold associated with the
predetermined variables k„ vi( -- vs), roi( - ms) and cu.. The steady state of Ihis systcm can tx
shown to give k- k' - k„ p - p, and p' - N; when p y 0. The pre-commitment outcomes are
time inconsistent, since v~, vs, cui, ce~ and w. are non-uro after some time has elapsed.
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