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Abstract

This paper examines how the member countries of a monetary union react to
country-specific shocks and to shocks from the rest of the world, using supply-
side policies.We develop a three-country model in which countries show
different preferences regarding objectives, and face asymmetric disturbances.
Two of the countries form a monetary union where an independent central
bank controls monetary policy, and supply policies are determined by the
authorities at the national level. In this framework, we analyse in strategic
terms how the authorities can deal with monetary, real and supply shocks,
and discuss the welfare aspects of the optimal solution and the extent to
which a coordinated supply-side policy may be useful to deal with those
shocks.
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1 Introduction

The costs of losing the exchange rate and monetary policy as instruments
of macroeconomic stabilization, acquire a special importance when deciding
the convenience of forming a monetary union. Most of the theoretical and
empirical studies conclude that these costs will depend on the asymmetry of
the shocks. So, for instance, Bayoumi and Eichengreen (1993) find that the
costs imposed by asymmetric shocks in the Furopean monetary union will
be larger, since these shocks require country-specific adjustment policies.

Other question broadly discussed is that, in the absence of fully flexible
prices and wages, as well as labour mobility as adjustment mechanisms,
governments have to deal with shocks using mainly fiscal policy. But the
disciplining effects of a monetary union may require some limitations on the
use of fiscal policy. We can mention, as an example, the fiscal discipline
imposed by the Pact for Stability and Growth in the European Monetary
Union (EMU). Since fiscal policy in monetary unions may be inefficient, the
possibility for fiscal policy coordination has been discussed; the conditions
for which fiscal policy coordination may be useful are derived in Diaz (1998).

On the other hand, given the limitations of fiscal policy, it would be
desirable to have other alternative policies available; among them, the
possibility of using supply-side policies has been discussed (Jimeno, 1992).
From a different point of view, this idea had been mentioned in the literature
on optimum currency areas: countries with similar inflation rates would be
good candidates to join a common currency area, being this feature related
to the institutional mechanisms of the labour market (Calmfors and Driffill,
1988). This argument could support the need for some harmonization of the
institutional mechanisms governing labour market reforms of the countries
forming a monetary union, as an useful tool for reducing the cost of belonging
to a common currency area.

The available literature has hardly studied supply-side policies. De Miguel
and Sosvilla (1996) develop a two-country model in order to analyse the
effects of macroeconomic policies in a monetary union, with different wage
rigidities. Supply policies are represented by changes in the employers
social security contributions, having a direct impact on real wages. On
the other hand, Sibert and Sutherland (1997) develop an intertemporal n-
country model to study the role of labour market reforms on the costs and
benefits of monetary integration. They conclude that in a monetary union



the labour market reform is lower than in other monetary policy regime. In
relation with this paper, this result could justify the interest of analysing
the way of implementing the labour reform: individually, by establishing
some agreements about supply policies, or by the way of supply policy
coordination.

In this paper we examine how the member countries of a monetary union
can react to asymmetric shocks by using supply-side policies. To this end,
we develop a three-country model where countries show different preferences
regarding objectives and face asymmetric (monetary, real and supply) shocks.
Two of the countries form a monetary union where an independent central
bank controls monetary policy, and supply policies are determined by the
authorities at the national level. Next, we analyse in strategic terms how
the authorities can deal with shocks using as instrument an institutional
variable affecting the wage negotiation process. The authorities can act
individually or cooperatively and, in the rest of our paper, we identify
authorities cooperation with policy coordination.

As an original contribution of this paper, first or all, we can mention that
the model has been explicitly designed for a monetary union. This type of
models are not frequent in the literature, and we have used an extension
of the model developed in Diaz (1998). An important result derived from
our analysis is that the desirability of supply-side policies coordination is not
only related to the characteristics of the shocks, but it is also related to how
their effects are transmitted among countries. In addition, the role played by
the channel of transmission of the shocks will be determinant for the results.
Secondly, we analyse the role of supply policies, something that have been
hardly discussed in the literature. We use as instrument an institutional
variable that can affect both the degree of price and wage flexibility, and the
wage negotiation process. This kind of policy has been previously proposed
in order to deal with shocks and to avoid the adverse effects of unemployment
(see, e.g., Vinals and Jimeno, 1996). Since policies of structural reforms and
supply-side policies are presumed to be useful to deal with labour market
inefficiencies, our institutional variable could also be interpreted as a way of
harmonization of the labour market institutions. In particular, that variable
could be thought more as an instrument designed to modify the institutional
mechanisms of labour market, rather than a stabilization tool.

The main results of the paper are, first, that supply-side policy
coordination between the member countries of the union would be
counterproductive when aggregate demand is the channel of transmission of
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the shocks, independently of the nature (demand-side or supply-side) and the
origin of the shocks (a country of the union or the rest of the world). Second,
when the interest rate and the exchange rate are the channel of transmission
of the shocks, cooperation would result counterproductive when dealing with
monetary and supply shocks independently of their origin, and with real
shocks from the rest of the world; however, cooperation would prove to be
useful against real shocks from the monetary union.

The paper is structured as follows. In section 2 a theoretical model for
a monetary union is developed, which will allow us to study the effects of
shocks on the union’s member countries. Next, the possibilities for supply
policies coordination are analysed in strategic terms in section 3; whereas the
welfare aspects of the optimal solution are discussed in section 4. Finally,
section 5 concludes.

2 The model

We will consider a model of two symmetric economies: the monetary
union and the rest of the world, with flexible exchange rates and perfect
capital mobility between them. All the variables are defined as rates of
change and those from the rest of the world are denoted with an asterisk.

The monetary union is described by the following set of equations, where
all parameters, denoted by Greek letters, are nonnegative:

y=—ary+79+Blew +p" —p) + 6y + f (1)
m—p=0y—ry (2)
pe=(1—pp+pp" +ew) (3)
w—ep. = ¢prod —nu+z—v—1 (4)
p—w=—¢prod — pu (5)

y® =n+ prod (6)
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Equation (1) represents the goods market equilibrium condition. Output
depends on the world interest rate ry,, the budget deficit g, the real exchange
rate between the union and the rest of the world (ey + p* — p), the rest of the
world’s output y*, and a positive real shock f. Notice that the assumption of
perfect capital mobility implies that » = r* = ry,. We also assume that the
Marsall-Lerner condition holds, so that a real exchange rate depreciation
leads to a positive effect on the balance of trade and the output of the
monetary union, which implies 3 to be positive.

Equation (2) shows the money market equilibrium condition, where m
denotes the union’s money supply, and the demand for money depends on
the union’s output and the world interest rate.

Equations (3) to (6) represent the aggregate supply of the economy, built
along the lines of Layard, Nickell and Jackman’s (1991) model, (see also
Nickell (1990) for a survey). Equation (3) is the definition of the consumer
price index p., as a weighted average of the union goods’ and the imported
goods’ prices in terms of the common currency.

Equation (4) shows that nominal wages are determined by the degree of
indexation with respect to the consumer price index, depending on &; labour
productivity, prod; the unemployment rate, u; wage pressure factors, z; the
way in which agents form their expectations, captured by the variable v; and
the use, as a policy instrument, of an institutional variable ¢, which affects
the wage setting process.

The parameter £ denotes the degree of wage rigidity, with 0 < ¢ < 1.
The value ¢ = 1 implies real wage rigidity, so that nominal wages are fully
indexed to changes in the consumer price index; whereas if ¢ = 0 we have
nominal wage rigidity. In our model, we will assume the intermediate case
so that 0 <e < 1.

On the other hand, the effects of expectations on the consumer price
index is captured by the variable v. In a “New Classical Macroeconomics”
framework, assuming rational expectations, the discrepancies between the
actual change in the consumer price index and its expected change is due to
the agents’ mistakes, purely random, i.e.: p.— pi = error, sothat v =< error,

and if e is equal to zero (the agents do not make mistakes) for £ # 0, the
unemployment rate obtained from equations (4) and (5) will be the natural
rate of unemployment. Alternatively, in a “New Keynesian Macroeconomics”
framework, if the agents form their expectations assuming that the expected
change of the consumer price index is equal to its change in the previous



period, pi = p,_1, then p.— p& = p. — pe,.1 = A p., and v = A p.. In that
case, for € # 0, the unemployment rate obtained from equations (4) and (5)
will be the NAIRU. Therefore, this general formulation allows us to include
both models (New Classical and New Keynesian) as particular cases.

In equation (5), prices are set by adding a margin to wages, which depends
on productivity, prod, and the unemployment rate, u. We also assume that
the parameter ¢ is the same that in the wage-setting equation (4). This
assumption, which simplifies the analysis without altering the basic results,
is commonly used in the literature, and is justified since in the long term
productivity changes do not affect the unemployment rate (see e.g. Layard,
Nickell and Jackman (1991)).

Finally, equation (6) defines changes in output as the sum of changes in
employment, n , and productivity, prod.

The second economy analysed is the rest of the world. As mentioned
earlier, we develop a model for two symmetric economies; therefore, equations
describing the rest of the world are equivalent to the monetary union’s
equations. We also assume asymmetric shocks in origin leading to different
effects on the union and the rest of the world, so we have the following set
of equations:

y'=—ary — Blew +p" —p)+ oy + [ (7)
m*—p* = 0y* —ry (3)
pr=(1—p)p" +plp —ew) 9)

w* —ept = ¢pprod* — nu* + 2* —v* (10)
P —wt = —gprod* — pu* (11)

y* =n"+ prod” (12)

Notice that in the goods market equilibrium condition, we neglect the
fiscal variable g*, which is implicitly included in the real shock f*. We also



neglect the institutional variable t*, implicity included in the supply shock
s*(see below).

From equations (1) to (6) for the monetary union and (7) to (12) for the
rest of the world, we can obtain the aggregate demand functions for each

economy:

d o . gy - o1 *d Y Y

4 _1/J—|-046<m p>+1/)+oz9<ew_|—p p)_l—w—l—oﬂy +1/)—|—0499+1/J—|—048f
(13)

| - B ) oY Y
yd—wag(m —p)——w+@8(ew+p —p)+¢+a9yd+¢+a9

Combining the definition of the consumer price index (3) with the
aggregate supply equations, (4) to (6), and replacing v = [ — n (where [
denotes active population) we can obtain the monetary union’s aggregate
supply:

Jr(14)

y*=—XNe—Dp—deplew +p* —p) — Az + w4+ M+ 1+ prod

where \ = ——.
Nt

To simplify, we group all the exogenous supply shocks in a contractionary
disturbance s:
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s=z—v—5l—3prod

where s embodies the negative effect on output of an increase in the degree
of wage pressure, z; and the positive effects of increases in the expectations
errors, v; active population, [; and productivity, prod.
Then, the aggregate supply of the union will be:
y'=—=XNe—1)p— Aeplew +p" —p) — As+ At (15)

and, in a similar way, for the rest of the world:

Y™ = =Mz — 1)p* 4+ Aeplew +p* —p) — As® (16)

where:

st=2"—v* =1 X sprod



2.1 The countries of the union

In order to study the interaction between the member countries of the
monetary union and the extent to which authorities can deal with shocks
using supply-side policies, we need to know the economic framework of the
member countries 1 and 2.

The set of equations for country 1 is the following:

Y1 = —ary + 791 + ﬂ(ew +p° _p1> + ﬁ<p2 _pl)

+oy" +6(ya — 1) + 1 (17)

Der = c ; M)Pl + a ; M)P2 + p(p* + ew) (18)
Wy — EPe, = Pprod; — nuy + 21 — vy — ty (19)
p1— wi = —¢prod; — puy (20)

y; = ny + prod; (21)

We assume that coefficient [ is the same for both the price differential
between the union’s countries (notice that nominal exchange rate disappears
in this case), and the real exchange rate between the union and the rest of
the world. In a similar way, we coefficient 6 is assumed to be the same for
the output of country 2 and the output of the rest of the world. Different
assumptions would not change the basic results.

The equations for country 2 would be symmetric:

Yo = —Qrw + 792 + ﬂ(ew +p° _p2> + ﬂ(pl _p2)

+6y" +6(y1 — y2) + [ (22)

(1;M)p1+ (1;/0

Doy = P2+ p(p* + ew) (23)



Wy — EPey = Pprody — Nug + 29 — Uy — 1y (24)
P2 — Wy = —¢prody — Yus (25)

Yy = Mo + prody (26)

On the other hand, the money market equilibrium condition -equation
(2)- is common to the two countries. We can rewrite it as follows:

1 1 0

0
m— 5?1 — 5?2 = §y1 + §y2 —Yry (27)

Notice that, since all the variables are in rates of change, the variables of
the monetary union are equal to the weighted sum of the member countries’
variables, and we can assume that their relative weights reflect the bargaining
power of each country inside the union. That is, for any variable x:

Y, Y,
xr = 731:1 + 731:2
where x, 1, 9 are the rates of change of each variable for the union, country
1, and country 2 respectively; Y, Y7, Yy are their levels of output, and Y+
Yy = Y. Lor convenience, we have assumed % = % = % So, from the
weighted sum of equations (17) to (21) and (22) to (26), we can obtain
equations (1), and (3) to (6) for the monetary union.

2.2 The transmission of the shocks

Irom equations (1) to (6) and (7) to (12), and assuming equilibrium in the
goods market: y* = y? = y and y** = y*? = y*, we can obtain the reduced
forms for the monetary union and the rest of the world (see Appendix A.I).

y=am=Ebm" +c,g+dyf E£hf* —iys— s+ iyt (28)
Y =aym’ £bymtkyg+dy [T hyf —iys" — jys + gyl (29)
p=a,mEbm" +c,g+d,f + h,f"+i,s+ j,s" —i,l (30)
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p*=a,m* £bym+kyg +dpf* + hyf +ips* + jps — Jpt (31)

Equations (28) to (31) show the interdependence between the two
economies, given by the interaction of the variables. On the other hand,
if the variables of the monetary union are equal to the weighted sum of the
member countries’ variables, and the interaction taking place between them
is equivalent to the interaction between the union and the rest of the world,
we could rewrite the preceding equations as follows (see Appendix A.I):

Y = aym + b;/m* + C;/gl + C;gg + d;/fl * d;fg
Ehy f* =8 — i, 82 — J,8" + iyt + iyt (32)
Yo = aym + bym* + C;/gg + Cygl + d;/fg * d;//fl

thy f* =iy sy —iys1 — J, 5"+ iyl + iyt (33)

Yy =a,m" £bm= k‘;g1 + k‘;gg +d,f"
thy fi £ hy fo—iys® — G810 — Gy so + Gyt + Gyt (34)

pL=aym= b];m* + C];gl + 0;92 + d];fl + d;f2

bR [ 4y iy 80 4 5,8T — gt — it (35)

P2 =apym = b;m* + 6;792 + 0;91 + d];fz + d;fl

R f* +iyse sy + G, 8T —iyts — iyt (36)

p* =a,m" £b,m+ k:];gl + k‘;gg +d,f"
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hofi + hy fo +ips® + 81 + 82 — Gyt — Gyl (37)

The reduced form given by equations (32) to (37) shows the interaction
among the two countries of the union and the rest of the world.

Notice that we have two kinds of monetary shocks: the monetary policy
instrument of the union monetary authority (m) and monetary shocks from
the rest of the world (m*). On the other hand, regarding real and supply
shocks, we can observe shocks {rom both the union’s countries ( fi, fa,1,52),
and the rest of the world (f*, s*).

2.2.1 Supply shocks

Solving the model, we find that a negative supply shock affecting one of the
countries of the union (s;, s > 0) or the rest of the world (s* > 0), leads
to an output fall and a rise in prices; both in the union and in the rest of
the world. This effect is independent of the channel of transmission and the
origin of the shock.

Regarding the institutional supply variables of the union’s member
countries (t1, t2), their effects have the same absolute value but the opposite
sign as compared to the supply shocks.

The supply shocks multipliers are as follows:

oy Oy2 _3y1 _ _3y2 _
881 N 882 N Btl N 8752 N Zy (38>

8y1 . 8y2 . 8y1 . 8y2 . N

T A T v
R "
o TR TR v

Opr _Op2  Op1 _ Opr .
881 N 882 N Btl N 8752 N Zp (43>
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8]?1 8]?2 8]?1 8]?2 Rz
it 0 R S R < YR < 44
832 831 8t2 8t1 Zp ( >

8pl . 8]?* . 8]7* N

= = - = 4
88* 881 Btl jp ( 5>
8p2 . 8p* . _8p* o
88* N 882 N 8752 N jp (46>
op* .
Bar = (47)

2.2.2 Demand shocks

Positive demand shocks (m, m*, g1, g2, f1, fa, f* > 0) lead to positive effects
in the output and prices of the country of origin of the shock. But when
the shock is transmitted between the countries of the union, and between
every member country and the rest of the world, the sign of the coefficients
depends on which channel of transmission prevails.

In our model, the channels of transmission of the demand shocks are the
aggregate demand, the interest rate, the real exchange rate between the union
and the rest of the world, and the monetary union’s relative prices. When
aggregate demand prevails, the result is the “locomotive effect”: the effects
on the output and prices of the country of origin of the shock are transmitted
to the rest of the economies with the same sign. But when changes in the
interest rate and the real exchange rate prevail, the result is the “beggar-thy-
neighbour effect”: the effects on the output and prices of the country of origin
of the shock are transmitted to the rest of the economies with the opposite
sign. The reason is that a real exchange rate depreciation (appreciation) in
an economy leads to an aggregate demand expansion (contraction) in that
economy, and to a contraction (expansion) in the other, given that which
means a depreciation (appreciation) for an economy, means an appreciation
(depreciation) for the other.

The “locomotive effect” An increase in the money supply (m,m* > 0)
-positive monetary shocks, in general- , and positive real shocks (fi, fo,
f* > 0) lead to an increase in output. The result is an aggregate demand
expansion with an output expansion an a rise in prices in all the involved
economies.
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The money supply multipliers are as follows:

and the multipliers of the real shocks:

Iy

a7 =

oy

p

7. =

py

ofr

O _ Oy _ Oy _
on  Om  Om* 4
8y1 Y 8y2 g
e by and T by
oy*
om =by
Opr _Opr _ Op" _
omn  Om  Om* P
8]?1 Y 8]?2 1
om* - bp and om* T Up
op*
om b
ayQ / 8y1 ayQ "
— =d d —=—"1=4
of, M on "o Y
_ oy* T Yo _ oy* :h”
af*  ofi Y af*  dfy 7
o
af Y
P2 _ g ana 201 _ 002 _
afy F dfy  O0fi *F
op* Opy Op* v
L p and 228
af, e T an
op*
of* =d
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The “beggar-thy-neighbour effect” An increase in the money supply of
the monetary union (m > 0), increases output and leads to an exchange rate
depreciation between the monetary union and the rest of the world. The
result is the “beggar-thy-neighbour effect”: the monetary union’s output and
prices rise, but output and prices fall in the rest of the world. The case of
a positive money supply shock from the rest of the world (m* > 0) to the
monetary union, would be symmetric.

The multipliers that differ with respect to the “locomotive effect” case
above are the following:

Oy Yy Z

A = —b,and 5= = b, (60)
gym* _ _p, (61)
38:;* — —b, and 885; — b, (62)
W, (63)

Regarding real disturbances, positive shocks to the monetary union (fi,
fa > 0) lead to an expansion in aggregate demand that is partially offset by a
real exchange rate appreciation. This appreciation reduces aggregate supply
in the rest of the world, which translates to the union’s member countries.
The result is that the output of the country suffering the shock rises, and the
output of the other country and the rest of the world fall, with prices always
rising. The case of a positive real shock from the rest of the world (f* > 0)
would be symmetric.

The multipliers that differ with respect to the “locomotive effect” case
above are now the following:

Oy Oy Z
2272y 64
of 0f = M (69
ayl_ay*__/ 8y2_8y*__u
af*_afl_ hyandaf*—an— hy (65)
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3 Supply policy coordination in a monetary
union

In the previous section we have studied the transmission of macroeconomic
disturbances affecting interdependent economies, and the extent to which
supply-side policies adopted by the member countries’ governments in a
monetary union, generates disturbances in the rest of the world. The
purpose of this section is to show how international policy coordination
may internalize these spillover effects. The theoretical arguments supporting
policy coordination are based on the idea that cooperation internalizes the
effects of economic interdependence. In this context we need to take into
account the strategic behaviour of the authorities, so we will use the Game
Theory approach in order to study how the authorities can deal with shocks.

3.1 The preferences of the countries

We assume that countries 1 and 2 are represented by their authorities, which
face the problem of minimizing their loss functions:

Li =9y +019; (66)

Ly =y + 0293 (67)

where the target variables are the rates of change in output (y1,¥s), and
in the budget deficit (g1,g2). For this purpose, the authorities will use as
a policy instrument an institutional variable (t1,t3),affecting the process of
wage setting. The parameters ¢1,09 > 0 are the inverse of the marginal
substitution rates, i.e., the cost of reaching an objective relative to the cost
of reaching the other. On the other hand, the quadratic form of the loss
function implies that any change, positive or negative, in the variables will
represent a loss of utility. So, each country will minimize its loss function
when all the objectives become equal to zero: y; =y, =0 and g1 = go = 0.
We are modelling a monetary union where the monetary authority (a
common central bank) controls the price target, so the latter has not
been included in the loss function of the member countries’ authorities.
However, the fact that the disciplining effects of a monetary union imply
some restrictions on the budget deficit, leads us to include this as an objective
of the authorities. An example of this situation is the European monetary
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union, where each member country will have to consider the requirements
imposed by the Pact for Stability and Growth.

Alternatively, if we would have assumed that the member countries’
authorities do not delegate completely prices control to the common central
bank, their loss function would be:

L =y} + 097 + mp? 1=1,2

It can be proved (see Appendix A.IT) that the results only differ from the
case analysed in this paper (fiscal restrictions and full delegation) in the size
of the coeflicients. In particular, the desirability of delegating the control of
prices depends on the effects of the shock on the economy and the use of the
institutional variable as instrument.

In an attempt to describe more accurately the EMU, in the rest of the
paper, we will make use of the loss functions represented by equations (66)

and (67).

3.2 The optimization problem

In this subsection we will show the effects of the authorities’” decisions when
coping with shocks. For this reason, we will analyse how they will react
when facing shocks that affect both the money market (m, m*) and the
goods market (f1, fo, f*), shifting the aggregate demand curve; and when
facing supply shocks (s1, s2, s*), which shift the aggregate supply curve.
Each country of the monetary union has to minimize its loss function by
choosing the optimal rate of change of the institutional variable, subject to
the restrictions imposed by the international economic framework. According
to the Game Theory literature, there are three possibilities to solve the
problem: the competitive equilibrium, the leader-follower model, and the
cooperative solution. But the solutions will depend on the prevailing channel
of transmission: the aggregate demand, or the interest rate and the real
exchange rate. So, we will solve the problem for these two alternative cases.

3.3 The “locomotive effect”

When aggregate demand is the prevailing channel of transmission, the
restrictions that governments have to take into account when solving their
optimization problem are as follows:

16



Yy = aym + b;m* + C;/gl + C;92 + d;/fl + d;fz + h;,f*

’ 1" .

—inl - Z'ySQ - ‘]Z//S* + Z;/tl + Z;tg (68>
Yo = aym +b,m" + 6;92 +c,01 + d;,f2 + d;fl + h;f*

" .

—i;/SQ - Z'y81 - j;S* + Z;/tg + Z;tl (69>

3.3.1 Non-cooperative solution: The competitive solution

When each country solves the problem individually, ignoring interdependence
and taking as given the other country’s policy, the solution is the Nash-
Cournot Equilibrium. The optimization problem of country 1 is as follows:

min Iy = 4} + 019}

" 5.t.(68) (70)

From the first-order condition we obtain the reaction function of country
1, which shows the response to shocks and to changes in the country 2’s
policy (see Appendix A.III):

lra = —Ryty — Rogy — R3go — By f1 — Rsfo — Rl,Gf* — Rym — Rl,Sm*

+s1 + R182 + RLQS* (71>

The problem for country 2 is similar:

min Ly = y; + 020, (72)
5.t.(69)

from which we obtain:
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lra = —Ryty — Roge — Rsgy — By fo — Rs f1 — R2,6f* — Rym — RQ,Sm*

+39 + R181 + RQ’QS* (73>

The absolute value of each coefficient indicates the size of the response to
shocks. We can see that when a country suffers a supply shock (s; or s),
the coefficient on the change of the institutional variable has the same size
but opposite sign than the shock. When the shock is originated in the own
country, its coefficient equals one, so that the use of the institutional variable
totally offset the (adverse) effects of the shock. But when a country has to
deal with a shock from the other country, the institutional variable changes
in a proportion lower than one (since |R;y| < 1). Similarly, the rest of the
shocks are not totally offset (in other words|R;| < 1 for i = 2,...,9.), which
may indicate that supply-side policies are not the best policies to cope with
that kind of shocks.

Both reaction functions have negative slopes. The country 1’s reaction

function has a slope greater than one in absolute Value:% = —Ril,
tlzR(tg)

with ‘—R% > 1. This means that any movement along the country 1’s
reaction function requires a lower change of the institutional variable in
country 1 than in country 2. Solving their problems individually, and ignoring
interdependence, a country minimization of the changes in its institutional
variable requires a greater variation of the other country’s variable. We can
see from the loss functions -equations (66) and (67)- that any deviation of
the target variables from zero, y; # y2 # 0 and gy # go # 0, will represent a
loss of utility. When a country suffers a shock, the bliss points are given by
By = (0,t3 #0) and By = (t1 # 0,0) which are the origin of the indifference
curves. The countries would achieve the maximum welfare in these points
because they would not have to change their institutional variables, but
conflict emerges since the two points do not coincide.

The Nash-Cournot equilibrium is given by the point where the reaction
functions intersect:

Ing = —N1,191 - N1,292 - N1,3f1 - N1,4f2 - N1,5f*

—Nmm - N1,7m* + 51 + NI,SS* (74>
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tno = —Noi1gi — Noogs — Nosfi — Noafo — Nosf™

—Nogm — Nozm™ 4 89 + Nygs” (75>

We can see that in the competitive solution each country only offsets
the supply shock originated in its own country, but not in the case of a
shock originated in the other country. It can be proved (see Appendix A.IV)
that the coefficients of the Nash solution are lower, in absolute value, than
the coefficients of the reaction function. That is, when solving the problem
individually each country acts in a “myopic” way and, since interdependence
is ignored, the effects of supply-side policies are transmitted abroad.

3.3.2 Non-cooperative solution: The leader-follower model

When one of the countries acts as a leader and the other as a follower, the
result is a Nash-Stackelberg Equilibrium. The leader chooses first taking into
account 1ts own interest and the foreign country’s reaction function, which
the leader includes in its loss function. If country 1 acts as leader, then its
optimization problem is given by:

H%jn Ll — L<y17917 tR,Q) (76>

so, it will have to solve:

min Iy = yi + 019 (77)
1
5.1.(68), (73)

obtaining from the first-order condition:

ls1 = E£S1,191 £ 51,292 = S13/1 £ S14fo £ S15/"

:I:SLGm * SL?m* * $1 * 51,83* (78>

Where it can be seen that the leader only (fully) offset the supply shock
originated in its own country.
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Taking into account the changes in the leader’s institutional variable, the
follower solves its optimization problem:

min Ly =y + 0295
2

5..(69), (78) (79)
obtaining:

tso = £S2191 £ 59292 £ So3f1 £ Soafo £ Sosf”

:I:SQ,Gm + 52’7771* + So + 52’38* (80>

It can be proved (see Appendix A.V) that the absolute values in the
leader’s Stackelberg solution, coincide with the values in the Nash solution.
The leader acts in the same “myopic” way than in the competitive solution,
and the only shock that is fully offset is the supply shock originated in its
own country.

On the other hand, the ambiguity of the signs indicates that the best
policy response, expansionary or contractionary, will depend on the value
of the coefficients involved in the solution. In any case, the change in the
leader’s institutional variable is lower than for the follower (see in Appendix
AV that |S1;| < |S2s| for i = 1,...,8 ). Choosing first, the leader has a
time advantage and the follower’s response requires a greater change in its
variable. Because of that, the Stackelberg equilibrium is not always a Pareto
improvement upon the Nash equilibrium. The leader is always better off than
in the competitive solution, but the final result for the follower is ambiguous.
Moreover, the solution is unstable because the leader is not on its reaction
function.

3.3.3 Cooperative solution: The social planner problem

If the countries coordinate their policies, they will minimize the weighted
sum of their loss functions. Given the assumption of symmetry, and with the
weights of each country equal to %, the social planner problem would be:

] 1 1
mnt = _(yf—l—olg%)—l-—(y;—l-(hg%)
t1,t2 2 2

5.t.(68) and (69) (81)
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From the first-order conditions we obtain (see Appendix A.VI):

loq = —01,191 - 01,292 - 01,3f1 - Cl,4f2 - 01,5f*

—Ciem — C17m* + Ci 851 + Cr 952 + C 108"

teo = —Cs191 — Cooge — Co3fi — Coafo — Copf”

—Co6m — Co7m™ + Cog51 + Co952 + C.108"

3.4 The “beggar-thy-neighbour effect”

(82)

When the interest rate and the exchange rate are the prevailing channels of
transmission, the restrictions that fiscal authorities have to take into account

to solve their optimization problem are as follows:

Y = aym — b;/m* + 6;91 - C;92 + d;/fl - d;fz - h;f*

R R ok R R
1,51 — 1,52 — 7,8 + zytl + Zytg
" * / " / 1" .
Yo =aym—b,m" +c,go—c g1 +d,fo—d, fr —h,f

" .

—i;/SQ — z'ysl — j;s* + Z;/tg + Z;tl
3.4.1 Non-cooperative solution: The competitive solution

The Nash-Cournot Equilibrium of country 1 is given by:

min Iy = vy} +o019°

t1
s.t.(84)
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and from the first-order conditions we obtain the reaction function (see

Appendix A.IIT):

tr1 = —Rily — Rogi + Rygo — Ryf1 + Ry fa + Ry g f" — Rim + R gm”

+51+ Risy + Ry 48" (87)

The problem is similar for country 2:

ngn Ly = yi+ 0395 (88)
s.t.(85)

from which we obtain:

try = —Rily — Rygs + Rygy — Ryfo + Ry [1 + Ry e f* — Rim + Ry gm”

+89 + [ 51+ R 45" (89)

We can see that in the competitive solution each country only fully offsets
the supply shock originated in its own country. And as in the “locomotive
effect” case, the reaction functions have negative slopes, being the slope of
the reaction function of country 1 greater than one. The Nash solution is
given by the following equations (see Appendix A.IV):

Uvy = —Ni1g1 + Niggs — Nigfi + Nigfo + Nigf™
—Njgm+ Nj,m" + 51+ Njgs” (90)
Ung = Nogg1 — Nyoge + Nysfir — Nyufo + Nysf”
—Néﬁm + Néjm* + 59 + Néygs* (91)
And again, we can see that in the competitive solution each country only

offsets the supply shock originated in its own country, but not in the case of
a shock originated in the other country.
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3.4.2 Non-cooperative solution: The leader-follower model

Assuming, again, that country 1 acts as the leader, the problem to solve will

be:

min I = yi + 019, (92)
1
5.L.(84), (89)

obtaining from the first-order condition:

lgy =E51101 £51500 £ 5131 £S5, o £ S5/

+51 gm £ S om” £ 51 £ S 8" (93)

The follower takes this solution into account to solve its own problem:

min Ly = yi+ 0995

) 5.1.(85), (93) (94)

obtaining therefore:

lgy = 1595191 £ 55500 £ Sy 31 £S5 4fo £ 555/

55 gm £ S5 ;m” £ sy £ S g5" (95)

In the same way as in the “locomotive effect” case, the absolute values
in the leader’s Stackelberg solution, coincide with the values in the Nash
solution. On the other hand, the ambiguity of the signs indicates that the
best policy response, expansionary or contractionary, will depend on the
value of the involved coefficients. The leader has a time advantage and its
institutional variable has to change less, in absolute value, than the follower’s
variable (see in Appendix A.V that ‘Sil‘ < ‘Sél‘ fori=1,..,8).
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3.4.3 Cooperative solution: The social planner problem

Choosing again weights equal to %, the problem would be:

] 1 1
mnt = —(yf+019%)+—(y§+029§)
t1,t2 2 2

s.t.(84) and (85) (96)

From the first-order conditions we obtain (see Appendix A.VI):

toy = £C 191 £ Clog £ CL3 1 C1 o+ Clpf”
_Ci,ﬁm + Ci,7m* + 01,831 + 01,932 + 01,103* (97>
tog = £Cy 191 £ Ch092 £ Co3fr £ Chufo + Cof”

_Cé,ﬁm + Céjm* + Cé,ssl + 05,932 + Cé,lOS* (98>

In the “locomotive effect” case, the authorities used contractionary
supply-side policies when dealing with expansionary shocks, and
expansionary supply-side policies when dealing with contractionary shocks.
Moreover, both in the competitive solution and in the cooperative solution,
the policy’s sense (expansionary or contractionary) was the same than in the
optimal response given by the reaction function.

But in the “beggar-thy-neighbour effect” case, the supply-side policies used
to deal whit real shocks from the monetary union has an ambiguous sense.
From this result we can conclude that the cooperative solution will not always
coincide with the optimal response given by the reaction function. In those
cases, the cooperative solution’s instability would increase. The reason is
that the cooperative solution would not be on the reaction function and, in
addition, would not coincide with the optimal individual policy response of
each country.
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4 Welfare aspects of the optimal solution

Theoretically, the cooperative solution is Pareto improving since it
internalizes the spillover effects arising from economic interdependence.
These externalities, % and %%, show how the loss function of a country
changes in response to changes in the other country’s instrument. For
that reason cooperation is Pareto improving, since the competitive solution
neglects the externalities produced by changes in the policy instrument.

On the one hand, the first-order conditions from which we have obtained

the Nash Equilibrium are %1 =0 and dL2 = 0. But for these points 5 aLl #0

and aLQ # 0. On the other hand, the ﬁrst order conditions of the soc1a1
planner problem are:

oL 1 (0L, 0L\
oy 2 <8t1 + 8t1> =0 (59)
oL 1 (0L, 0L\
oty 2 <8t2 + 8t2> =0 (100)

oLy __ _ 9Ls 0Ly __  _ 9Li
. ) e T oty & d dty Aty
which shows how the cooperative solution internalizes externalities. But

the desirability of the cooperative solution will depend on the nature of the
externality since, if this externality has the same sign than the shock, the
cooperative solution does not offset the adverse effects. Subsequently, we
can conclude that cooperation may be counterproductive when it internalizes
spillover effects which reinforce the effects of the shock.

From these conditions it is clear tha

In order to avoid the spillover effects of their policies, countries’
authorities will try to minimize the use of the institutional variable. In
this sense, they identify stabilization with avoiding changes in the policy
instrument. In particular, we have modelled a loss function in which any
change in the variables implies a loss of utility. Since the target variables are
linear in the policy instruments, the solution that requires a lower change
in the institutional variable would be the optimal solution. So, in a first
step, authorities will minimize their loss function, and, in a second step, they
will choose the solution (competitive or cooperative) with the lower absolute
value:

= argmin{]tN,,-] , ’tC,z’} Vi = 1, 2
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It is difficult to know the size of the coefficients of the solutions, since
they depend on the coefficients of the reduced form -equations (32) to (37).
For that reason, in order to compare the Nash solution with the cooperative
solution we will make use of graphical analysis. We will take into account
both the slope of the reaction functions (negative for the “locomotive effect”
and for the“beggar-thy-neighbour effect”), and the sign of the solutions.

4.1 The “locomotive effect”

Irom the reduced form -equations (68) and (69)- we can see that the target
variables (y1,ys2) are linear in the policy instruments (t1,%3). Because of
that, we can plot both the reaction functions and the indifference curves in
the same 11—y plane. For simplicity, we will not show the indifference curves.
As can be seen from the graphs, the reaction functions have negative slopes.
Figure 1 shows that the reaction functions intersect at the origin: none of the
countries has to change its institutional variable in that point, since there
are no shocks. If any disturbance takes place, the reaction functions would
shift to the left or to the right according to the particular type of shock.

Figure 2 shows the reaction functions after an expansionary shock in any
of the countries. In these cases, the authorities find optimal a contractive
policy to offset the effects of the shock. So, the reaction functions shift
to the left. Equations (68) and (69) show that output expands following
expansionary demand shocks (m,m*, f1, fo, f* > 0),expansionary supply
shocks originated simultaneously in the monetary union (s; < 0 and sy < 0
together), or expansionary supply shocks originated in the rest of the
world (s* < 0). So that, bliss points for countries 1 and 2 are at points
By = (0,15 < 0) and By = (t; < 0,0) respectively.

The Nash solution is at point N in Figure 2, where the reaction functions
intersect. Cooperative solutions will be on the contract curve, which,
by linking B; and B, captures Pareto eflicient combinations along the
tangencies between the indifference curves. There are infinite cooperative
solutions, but we can focus on the case in which both countries react in the
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Figure 1: Reaction functions in absence of shocks.

same way, 11 = t9. In a symmetric model, with the same bargaining weights
for each country, it is reasonable to assume that the gains and losses from
cooperation would be divided equally. In that case, the solution -which is the
most symmetric possible- is given by point C' in Figure 2.But, in any case,
cooperative solutions require a greater change in the institutional variable
than the Nash solution, so that cooperation is counterproductive.

If we depict the case of a contractionary shock leading to a recession in
both countries, the reaction functions shift to the right (see Figure 3). The
Nash solution is at point NV in Figure 3, where the reaction functions intersect,
and the cooperative symmetric case, point (', requires a greater change in
the institutional variable than the Nash solution. Hence, cooperation is
counterproductive again.

On the other hand, we can see from reaction functions -equations (71)
and (73)- that when a supply shock has its origin in one of the monetary
union’s member countries (i.e., 1 # 0 or $3 # 0, but not simultaneously),
the movement is greater for the reaction function of the country where the
shock has its origin. In Figure 4 we depict the case of a contractionary supply
shock in country 1 ( s; > 0 ). Now, bliss points are By = (0,5 > 0) and
By = (t; > 0,0) , and the competitive solution is given by point N where the
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Figure 4: Contractionary shock in country 1. Cooperation useful for country
1 and counterproductive for country 2.

reaction functions intersect. This point N = (t; > 0,0) coincides with Bs.
The cooperative solution is along the line linking By and By, and coincides
with a segment of the country 1’s reaction function. In this particular case,
cooperation is useful for country 1 but counterproductive for country 2, which
has not suffered the shock. The reason is that along the line linking B; and
By, changes in country 1’s institutional variable are lower than when country
1 acts individually. C represents the symmetric cooperative solution.

We have just shown that, when aggregate demand is the channel of
transmission of the shocks, supply-side policy coordination in a monetary
union would result counterproductive for the union member countries, when
they cope with demand shocks in general. When dealing with supply shocks,
cooperation would be counterproductive if the shock has its origin in the rest
of the world. But for supply shocks within the monetary union, cooperation
would be useful, but only for the country where the shock has its origin.

In the previous section it was shown that the cooperative solution
internalizes externalities that are different from zero. When the externality
has the same sign than the shock, the cooperative solution reinforces the
adverse effects of the shock. It can be proved for the “locomotive effect” (see
Appendix VII), that for positive shocks externalities are also positive, and
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for negative shocks externalities are negative. For that reason cooperation is
counterproductive, since it internalizes externalities that reinforce the effect
of the shock and requires a greater change in the institutional variable. So,
in order to avoid some of the adverse effects, it would be preferable not to
coordinate.

4.2 The “beggar-thy-neighbour effect”

For the “beggar-thy-neighbour effect”, the reaction functions have also
negative slopes. So, the case of absence of shocks is depicted in Figure 1
again.

When changes in the interest rate and in the exchange rate are the
prevailing channel of transmission, expansionary (contractionary) real shocks
in a country translate into a contraction (expansion) to the other country
(fi >0,fa <0or fi1 <0, f, >0). When the output of a country expands,
the output of the other falls (see equations (84) and (85)). Figure 5 and
Figure 6 show the alternative possibilities. In both cases, cooperation results
useful since cooperative solutions (cooperative symmetric case given by point
C) require a lower change in the institutional variable as compared to the
Nash solution (point N).

On the other hand, when shocks expand the output of both countries;
Le., positive monetary and supply shocks from the union (m > 0 or s1,59 <0
simultaneously), or contractive demand shocks and positive supply shocks
from the rest of the world (m*, f*, s* < 0), reaction functions shift to the
left in both countries. In those cases, since cooperative solution requires a
grater change in the institutional variable, cooperation is counterproductive
(see point C in Figure 2).

The same result is obtained for a recession in both countries (see Figure

It can be proved that for the “beggar-thy-neighbour effect” (see Appendix
AVII) in the case of real shocks from the union (fi, f2) externalities have
the opposite sign than the shock (see equations (84) and (85)). Because of
that, cooperation is useful since it offsets the effects of the shock and requires
a lower change in the institutional variable. But for the rest of shocks (i.e.,
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monetary and supply shocks from the union (m, s, $2) and any shock from
the rest of the world (m*, f*, s*)), externalities have the same sign. In those
cases, the cooperative solution reinforces the adverse effects, so cooperation
results counterproductive.

4.3 The desirability of supply policy coordination

From the results obtained in the previous subsections, we can establish a
comparison between the Nash solution and the Cooperative solution. This
comparison is shown in Table 4.1, where we provide the effect (expansionary,
contractionary, ambiguous or zero) of supply policies used to cope with
shocks, depending on the channel of transmission of the shocks.

TABLE 4.1

SUPPLY POLICY FROM THE COUNTRY 1 (SYMMETRIC FOR COUNTRY 2)

“LOCOMOTIVE ” “BEGGAR-THY-NEIGHBOUR”
| Nature of the shock || R | N | C ” R | N | C |
m - - - - - -
m* R
fl;f? T KN o~ -t -t :l:,:l:
r - - - T+ 1+
51,5 4 [ H0 [+ [ [ F0] 1
5 + [+ [+ 1T+ 1+~

Notes: a) R,N and C denote reaction function, Nash solution and Cooperative

solution, respectively.
b) (+),(-), () and 0 denote the sign of the policy.

Summarising the results obtained, we could derive the conditions under
which coordination of supply policies may be useful. These conditions are
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presented in Table 4.2. From Table 4.2 we can conclude that the results
are determined not only by the asymmetry of the shock, but by its nature
(monetary, real or supply). When facing monetary shocks, cooperation
always results indifferent. But when dealing with real and supply shocks,
the channel of transmission proves to be determinant.

TABLE 4.2
DESIRABILITY OF SUPPLY POLICY COORDINATION

| SHOCK | COOPERATION

Counterproductive.

Monetary (m,m*)

e ”Locomotive effect”: counterproductive.

*
Real (fl? f27 f > e "Beggar-thy-neighbour effect”: useful when the shock
has its origin within the monetary union,
and counterproductive for the rest of the cases.

Counterproductive.

Supply (s1, s2,5")

5 Conclusions

In this paper we have tried to examine how the member countries of a
monetary union can deal with asymmetric shocks using coordinated supply-
side policies, in absence of monetary policy and suffering restrictions in the
use of fiscal policy. In order to offset the effects of the shocks and to maintain
the rate of change in output and in the budget deficit, the authorities will use
as a policy instrument an institutional variable. In principle, this variable
could affect both the degree of price and wage flexibility, and the wage setting
process, but could also be interpreted as a way of harmonization of labour
market institutions.

We have developed a three-country model in which countries show
different preferences regarding objectives, and face asymmetric shocks. T'wo
of the countries form a monetary union where an independent central bank
controls monetary policy. As an original contribution, the model has been
explicitly designed for a “big” monetary union (i.e., we treat variables from
the rest of the world as endogenous).

Since the authorities will have to choose the optimal change in the
institutional variable of each country taking into account the spillover effects
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of supply policies, we have used the Game Theory approach to analyse the
authorities’ strategic behaviour.

In our model, supply shocks have unambiguous effects on endogenous
variables. On the contrary, the effects of demand shocks will depend on
the channel of transmission: when aggregate demand prevails, the result is
the “locomotive effect”, whereas if changes in the interest rate and the real
exchange rate prevail, the result is the “beggar-thy-neighbour effect”.

After analysing the solutions for the two alternatives, we can conclude
that:

a) For the “locomotive effect” case, if the authorities act individually,
the solution requires a lower change in the institutional variable than if they
coordinate. This result holds for real and monetary shocks, independently of
the origin of the shock (the monetary union or the rest of the world). The
reason is that the use of the institutional variable as a policy instrument,
leads to externalities with the same sign than the shock. In these cases,
cooperation would be counterproductive because it would reinforce the effects
of the disturbance when internalizing externalities.

For supply shocks, supply policy coordination would result counterpro-
ductive when shocks have its origin in either the two countries of the mone-
tary union simultaneously, or in the rest of the world. But when the shock
has its origin in only one of the countries of the monetary union, cooperation
would be useful but only for the country where the shock appears. In this
case, cooperation would be also counterproductive in general terms; in other
words, this situation would not be Pareto-optimal.

b) For the “beggar-thy-neighbour” case, for all the shocks from the rest of
the world, as well as monetary shocks originated in the union, externalities
have the same sign than shocks. In those cases, the cooperative solution
requires a greater change in the institutional variable than competitive
solution; then, cooperation would be counterproductive, since it would
reinforce the effects of the shock when internalizing externalities. But for
supply shocks from the monetary union, we obtain the same result than in
the “locomotive effect” case: when the shock has its origin in only one of the
countries of the monetary union, cooperation would be useful only for the
country where the shock appears.

On the contrary, for real shocks from the monetary union cooperation
would be useful since externalities have the opposite sign than the shocks.
In those cases, the cooperative solution requires a lower change in the
institutional variable than competitive solution.
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To summarize, we can conclude that, if the monetary union’s authorities
include the budget deficit as an objective in their loss function, supply policy
coordination would be useful only when changes in the interest rate and the
real exchange rate prevail as the channel of transmission; and also when
the probability of suffering from real shocks originated within the union is
higher. In Dfaz (1998), we can find the opposite results for fiscal policy
coordination: coordination is useful only when changes in the interest rate
and the real exchange rate prevail as the channel of transmission; and also if
the probability of suffering from monetary and supply shocks originated in
the union, and any kind of shock from the rest of the world, is higher.

As can be seen from the results, the asymmetry of the shocks to deal
with is not the only relevant characteristic when deciding to coordinate
economic policies: the nature and the origin of the shocks will be also
determinant, since the desirability of policies coordination is related to
the type of shocks affecting the countries. For this reason, it would be
crucial to know which would be the channel of transmission and the kind of
disturbances actually prevailing in the monetary union. Regarding this issue,
it would be interesting also to take into account that in Vinals and Jimeno
(1996) supply policies are proposed as a way to deal with real (symmetric or
asymmetric shocks) in a monetary union. According to our results, if real
asymmetric shocks from the monetary union prevail, and their effects are
transmitted leading to the “beggar-thy-neighbour” effect, the desirability of
supply policy coordination would be greater than in the rest of the cases.

6 Appendix

A. I The reduced form (Equations 28 to 31)

From equation (2) in the main text, we obtain the equilibrium output in
the money market. Next, we substitute it into the goods market equilibrium
condition (equation (1)). Doing the same for the equations for the rest of
the world , and substracting, we obtain the real exchange rate between the
monetary union and the rest of the world:

(m—p)—(m* —p*) = 60(y —y*) = 0(f — [*) — Oyg
350 (A1)

<€W +p* _p) =
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Replacing (A.1) and the world interest rate, ry, from equation (2) into
equation (1) we obtain:

Y =aym — a1p — aem” 4 asp* + azy” + asf + asf* + asg (A.2)

and also for the rest of the world:

Y = a1m® —a1p* — asm + asp + azy + auf* + asf + asg (A.3)

Then, substituting (A.1) into the aggregate demand and aggregate supply
-equations (15) and (16) - we can obtain the following expressions:

p = agm + agp” — agm” + ary — agy” — aof + aof* — ang + ans (A-4>

p* = agm” + agp — agm + azy” — agy — aof* + aof + a10g + anns®  (A.5)

where:

a1 = 200+ Qo — v
17 00u+200-69) 27 9Qy+200-5y)’
3 T 1200—5¢ 1= 320055
= —— dep
@5 = 704, 6 = Nopra2m0( rep)’
@, — —(20HAepb)0 Qe = — O0ep
T Neptx280(1-rep) 8 T Nepta286(1—rep)’
= Odep —
A9 = Xepes—reny 10 = Vdo,
250

11 = eaese(1—ren)

To obtain the equilibrium values for output and prices, we need to solve
the system given by equations (A.2) to (A.5):
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1 —a3 a1 —ap y aym—agm*+agf+as f*+asg
—as 1 —ay al y* —agm-taym*+asftasf*+asg
—a7 as 1 —ag P = agm—agm* —ag f+ag f*—aiog+ails
as  —a7 —ag 1 p* —agm+tasm*~+ag f—ag f*+aiog+ai1s”

Equations (28) to (31) in the main text are the solution, where the
coefficients are:

ay = [ag(ar + a2)(—1 4 az + as — ar(a1 — az)) + a1(a1as — asas + asar)—
as(as + as(ar + ag)) + a1(1 — a2 + az(a1 — asae) + as(as — arag))] /A
b, = [ag(ar + az)(1 — a3 — ag — as(ay — a2)) — as(ayas — asag + asar)+
a1(as + asar + ayas)) — az(1 — af + az(a1 — asag) + as(as — arag))] /A
¢, = 7d,
d, = [(as + as)(1 — a2(1 + a3) + a3 + (a; + a3)(ar + ag)(1 — ag))+
(a9 + a0)((a1 + a2)(1 — ag(1 + az) — az + (a1 — az)(ar + ag)))] /A
h, = [(a4+ as)(1 — a2(1 4+ a3) + az + (a; + az)(ar + ag)(1 — ag))—
(ag + a10)((a1 + a2)(1 — a(1 + a3) — a3 + (a1 — a2) (a7 + ag)))] /A
iy = a1 (—a1(1 + azas) — az(a? — a3) + as(as + ap))] /A
3y = lar1(az(1l + azae) — ag(a? — a3) — a1(asz + ag))] /A
ky = vh,
a, = [a((1 — a2)(1 — ag) + a7((1 + ag) (a1 — asas) + 2ag(aras — as)+

ar(aj — a3) + ag((1 + as)(az — a1as) + 2a¢(asas — a1) — ag(af — a3)))] /A
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b, = [(1 — ag)(ar(aras — as) + ag(azas — a1) — ag(1l — al))] /A

Cp = ¥y

dp = [(a4 + as) (a7 + as)((1 + a3)(1 + ag) + (a1 + az)(ar + as))—
(ag + a10)(1 — a3)((1 4+ a3)(1 — ag) + (a1 — as)(ay — ag)] /A

hy = [(as + as)(a7 + as)((1 4+ a3)(1 + ae) + (a1 + as)(ar + as))+
(ag + a10)(1 — a3)((1 4+ a3)(1 — ag) + (a1 — as)(a7 — ag)] /A

ip = [(1 = a2) + as(a1 — azaz) + as(ay — ayas)] /A

9p = lae(1 — a2) + az(ay — aras) + ag(a; — azaz)] /A

kp = vhy

with:

A=[1-a2(l—a2)— a3+ aia7(2 + ara; + 2a3a6) + azas(2 + asas + 2azag)
— asa7(2a6 + asar + 2a3) — ayas(2as + ajag + 2a3)] > 0

To obtain equations (32),(33), (35) and (36) from equations (28) and (30)
we have assumed that shocks transmit themselves in the same way between
the countries of the union and between the union and the rest of the world.
As a result, we obtain the reduced form given by equations (32), (33), (35)
and (36); where in absolute values: b, + b = b;, ¢, + ¢ = ¢;, d; + d = d,
R, +h! = h; i+ =i, , i+ 5 =g, and Kl + k! =k;, for i =y, p. We can
check the results by making the respective weigthed sums.

A.Il Alternative loss functions

Solving the optimization problem for a loss function like L; = y? + 0,92,
(see Appendix A.IIT), the absolute value of the coeflicient for an expansionary
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real shock (being similar for the rest) in the reaction function of the first
country, would be:

i
dy

y/
Zl/

On the other hand, if the loss function is L; = y? + 0,97 + m:p?, we would
obtain:

i dl, + il dl
(i) + (i) m

And the relationship between these absolute values would be:

] s[5,

In this way, we can conclude that the size of the coeflicients depend on the
effects of the shock on the economy (d;, d;) and on the use of the institutional
variable as an instrument (2;, 2%) In conclusion, the desirability of including
changes in prices as objective, will depend on the kind of shock that occurs..
On the other hand, since both the competitive and cooperative solutions will
depend on the reaction function coefficients, the relative size of the solution
will depend on the size of the reaction functions coefficients.

A.II1 The coefficients of the reaction functions

In absolute value, the coefficients are equal in both the “locomotive effect”
and “beggar-thy-neighbour effect” cases.

We have, for the reaction function of country 1:

Ry=2, Ry=+, Rz=-+,
Y Y Y
d/ d// h/
Ry=<t, Rs =, Rig=<",
Y Y Y

j/
Ry =22, Rl,sz-—j ngz-—z



The coefficients that differ for country 2 are:

A.IV The Nash-Cournot solution

THE LOCOMOTIVE EFFECT

For country 1:

Nl,l = D(ZZCZ — Z;C;) NLQ = D(@ZC; — @;CZ)
Nis = D(iydy —i,d)) Nig = D(iyd, — i d))
N1,5 = D<Zghg - Z;h;) N1,6 = Day(z;’ — Z;)
Niz = D(iyhy = iyby) Nis = D0, = iyy)

_ 1
where D = GAEEGHE

and for country 2:

No1 = Ny Noo = Ny

Naz = Niy Nyy= Ny

Nys = D(igh;, —iyhy) Nag= Nig

Noz = D(ib, — ,b")  Nog = D(il j! —il'j})
where D =

1
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THE BEGGAR-THY-NEIGHBOUR EFFECT

For country 1:

Ni, = D(=ilel —id))  Niy = D(ilc, +1cl)
Nis= D(—ild! —id)) Ni, = D(ild, +i,d)
Niy = D(=ilhl + /1) Nig= Day(ill —i,)
Niz = D(=igb +1b,) Nig= Dy, — itjy)

where D = ——+—
(14)°— (i)
and for country 2:
N/ — N/ N/ _ N/
2,1 — 1,2 2,2 — 1,1
Né,3 = N{A Né,4 = N{,3
Nys = D(—ighy, +i,h) Nyg= Nig
Nyo = D(=ifh + 1) Ny = Dl — )
where D = W
A.V The Nash-Stackelberg solution

THE LOCOMOTIVE EFFECT
The coeflicients are:
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where D = Zi,
Y

THE BEGGAR-THY-NEIGHBOUR EFFECT

S =N
Sio=Nig
Si3 = Nia
St1a=Nia
Sis=Nig
Sie = Nig
St =Ny
Sig = Nig

The coeflicients are:

Soz =D
Soq=D
So5 =D
So =D
So7 =D

528_
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D=
D[~
-
-
-
-
-
[

C” + Z”Sl 1}
C + Z”Sl 2}
iy — i S 3]
d + Z”Sl 4}
hy + S 5]
Qy + Z”Sl 6}
b// € Z”Sl 7}

]/_@”Sls}



7 _ !
51,1 = N1,1

51,2 = NLQ
51,3 = N{,3
51,4 = N{A
51,5 = N{,5
51,6 = NLG
Si,? = NL?
Si,s = N{,s

where D = Zi,
Y

Sp1 = S21

o =D [=¢, = 7}S12]
Sya = S23

Syq =D [~d —i"Sy 4]
Sys = D [—h! — S, 5]
Sa6 = 52,6

Sy; =D [—b;’ — Z'ZSLJ

! _
52,8 - 52,8

A.VI The cooperative solution

THE LOCOMOTIVE EFFECT

For country 1:

Ciy = D [(cil, + cjil) — (c”z’ + i) Al
Co =D ()i, + i) — (c,il, + c”z”)A}
01’3 - D (dyl +d” //) (d”l/ —I—d/ ”)A}
Cia=D (dgz + d’ i) — (dyi, + dg@'g)A}
Crs = D [(Bi], + B4y — (W', + hi") A

01,6 =D

Ciz=D
Cie=D
Cio=D
Ciio=D

a ZZ —I—z”)(l

o)

Al
(57, + b, ) A]

(@) 4GP
)2 ( ) )22/ //_|_22/ //}
@‘l‘jgg)‘l‘(”/‘l‘@/ ”)A}

yjy

(b 7
(1) +
(3
[(jg// yly
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and for country 2:

Co1 = Chy9

Cho=C11

Coz =Cliy

Coq=0Cl3

g2’5 = lC) [(h’y’@; + hfyz’y’) — (h?’Jz; + hZ@Z)A}
26 = C1g6

Coz = D (03, + ) — (1 + B A

Chs =Clg

Coo =Clg

Coro = D [(iyy +it,g0) + () + 4yin) A]

where D = Tz’*l and A = 22;2;’
THE BEGGAR-THY-NEIGHBOUR EFFECT
For country 1:

i = D4~ ) @

Clo=D =—(cyzy — cy@y) — (cyzy + cyzy)A}

Cis = D [(dyi, — dyiy) — (dyi,, + dyiy) Al

Cly =D |=(dyi,, — dyiv)) — (dyit, + dyyiy ) A]

6’115 =D I h;z; — h;’z;’) — (h”z"y — h;@;’)A}

Cé’e’ - D =ay/</'l://y + ?::y:)'/</1 a A/)/T'/ )

Cio = DG = byiy) = (b7, = byi)A

C'1,8 = D =<Zy) + (Zy) +4<2y) (Zy) }

Cio = D [((1)? + (2 it + 24,

Clao = D [yt + gyiy) + (iy gy, + 1,37 A

and for country 2:
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1 v
02,2 01,1
1 1
2,3 — 01,4
1 !
24 — Y13
I =D [(h”i/ — K i”) o (h/ i = h//é//)jéq
?,5 , Yy yy Yy Yy
26 — VY16
A D [(b”i/ o b/ i”) o (b/ i/ o b”i”)A}
2,7 Yoy Yoy Yoy Yoy
roo= (!
28 — V19
1 1
2,9 — 01 8

pa0 = D (033, +2,05) + Uy, + 3y7) Al

_ 1 ol
where D = ST and A = 2y

A.VII Externalities

THE LOCOMOTIVE EFFECT

8L I , X f 1" / 1"
8_1521 = 2@y(aym +0,m" +c,g1 + ¢ g2 + dyfl + dyf2

Fhy f*—iys — i, 82 — j,s" +iyt +iyts) #0

8L i " / 1 / 1
8_1512 = 21, (aym + b’y’m +¢yg2 +cyq1 +d, fo+d, fi

W R R R R
+hy fr —d,s0 — .81 — j, 8" ity i t) #0
THE BEGGAR-THY-NEIGHBOUR EFFECT

aLl Rz

= 2i, (aym — b;m* + c;/gl — c;gg + d;fl — d;fg
2
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!

—hy " —d,s — iy 8y — j,8" iyt +iyt) # 0
8[/2 YL

T 2i, (aym — bym” + c;/gg - c;gl + d;/fg - d;fl

—h;//f* - Z.ySQ - Z'y81 - ij* + Z.ytg + Z.ytl) 7£ 0
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