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Abstract

The issue of fiscal coordination assumes particular relevance in a Monetary Union because
monetary policy can no longer be used as a national stabilization policy instrument. Can the loss
of this instrument be compensated for the gains of coordination of national fiscal instruments? In
this article we answer this question in a typical Neo-Keynesian environment, where monetary policy
would have significant and persistent real effects. We propose a decomposition of coordination gains
into a deterministic and a stochastic parcel. We show that the deterministic fiscal coordination
gain is high but that the stochastic gain, often called stabilization gain, is very small generating,
for our calibration, an increase of 0.0161 percentage points, measured in consumption equivalents.

1 Introduction

In the Neo-Keynesian literature, the main objective of policy is the stabilization of economies
that are subject to shocks. Therefore, gains that occur when two or more countries coordinate their
policies are called stabilization gains. The motivation of this paper came from the idea that when
countries join a Monetary Union they lose monetary policy as a national stabilization instrument. For
that reason, it is important to replace it with a fiscal instrument. To compute the total gain from
these instruments, independent choices of policy are compared with coordinated choices, where the
decision on state contingent fiscal policies is taken by a central decision maker, namely when countries
are subject to asymmetric shocks.

In this paper we aim not only to clarify the conceptual distinction between stabilization and
coordination gains, but primarily to quantitatively assess the importance of both concepts.

We extend the method developed in Salvado (2009). However, different from that study, we use
an environment more directly comparable with most of the Neo-Keynesian literature, where stabiliza-
tion policy with monetary instruments have the highest possibilities. That is, we introduce nominal
rigidities that have persistent effects due to pricing technologies that impose the setting of prices for
more than one period.

The increase in welfare due to coordination of fiscal policies within a Monetary Union is measured.

We divide this increase in welfare into a deterministic effect that accounts for the elimination of country

*E-mail address: ssalvado@fe.unl.pt. I would like to express my appreciation for Isabel Horta Correia valuable
comments and suggestions.
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strategic interactions that would occur in a stationary deterministic environment, and a stochastic
effect that measures the gain when policies take into account the shocks that occur in the economies.
This last effect depends on the direct effect of the shock, which is usually related to stabilization,
and also to the elimination of the strategic interaction among countries that is derived through the
volatility of the shock. We show that deterministic gains represent an increase of around 17% in
consumption equivalents! and that the stochastic component is very small, representing an increase
of around 0.0161 p.p., in consumption equivalents.

We consider a model composed of two identical countries, where each country produces a tradeable
composite good using labor (that is immobile across countries) with a linear technology, that is subject
to shocks. Prices are set a la Calvo. Households consume every good and are subject to a cash-in-
advance constraint on the purchase of both goods. As such, we use a monetary model where money
is used as an unit of account and transaction, but we consider that monetary policy is decided at
the Union level such that the monetary distortion is minimized. Government consumption in every
country is limited to national produced goods and is financed by a distortionary tax on labor income.
As previously mentioned, these two countries belong to a Monetary Union, where fiscal policy is
initially implemented at a domestic level.

With the purpose of simplifying the interactions between monetary and fiscal policy, we consider
that the monetary policy is implemented independently from fiscal policy?. Regarding fiscal policy,
we first consider the case where each country’s government does not take into account the effects of its
actions on the other country’s government policy (that represents the Nash equilibrium) and compare
it with the case where fiscal policy is implemented in a coordinated manner (that represents the
Cooperative equilibrium). However, notice that in the coordinated case, we consider that fiscal policy
is decided by a supranational authority that could implement different policies for different countries.
Differently from monetary policy that is coordinated and harmonized in the Monetary Union, fiscal
policy makers in both institutions are free to discriminate across countries.

Moreover, we describe the source of Cooperative gains, i.e., the welfare difference between the
coordinated and the non-coordinated situations, which comes from the fact that both countries have
an incentive to deviate from the coordinated solution. If a country increases its tax rate it can increase
its terms of trade in order to get a better trade gain. This will reduce labor effort. When every country
follows the same strategy, terms of trade will not change and the increase in tax distortions leads to a
lower welfare in the Nash equilibrium. As such, the main objective is to measure the amount of this
loss in stochastic economies with nominal rigidities.

3 we proceed as follows. In the deterministic component, as nominal

To compute coordination gains
rigidities are not active, the economy works like the flexible price one. Considering that with flexible
prices the model has a closed form solution, we can accurately measure the coordination gain by
computing the welfare differences from the Nash and the Cooperative equilibrium. Next, we compute

the gain derived from the stochastic component when shocks are added to the economy, since the

'Tn comparison to the Nash case.
2We suppose that 7 = 1 is the target.
#We explain in detail this methodology in Salvado (2009).
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optimal solution will be solved numerically in deviations from the deterministic steady state.

Notice that, when imposing a Calvo price setting?, the procedure to compute the coordination gain
is not straightforward. We would like to highlight that we do not use any approximation prior to the
optimization procedure, i.e., prior to the conditions that define the choice of policies. As such, after
defining the set of equations that characterize the equilibrium, we use this set of equations - mostly
non-linear ones - as restrictions to our Cooperative and Nash problems. It is only after deriving first
order conditions of these problems, that we solve them by linear approximation. We consider a first
order approximation of the variables around the corresponding optimal steady-state®.

Our work is in line with the Ramsey literature, where the optimal fiscal policy is the one that results
from a benevolent planner® that chooses allocations in the feasible set of equilibrium allocations.

In this literature, all the dynamics in the Ramsey equilibrium are solved by a first or n—order
Taylor approximation towards the Ramsey steady-states. However, as argued in Schmitt-Grohé and
Uribe (2005), "the exact solution is not significantly different from the one based on a first-order
approximation". Hence, we consider a first-order approximation in our model. As these authors show,

using the Taylor expansion,
E(UY) = E (U7 +a (07 -U7))

in the case of a linear approximation, the unconditional mean of Union’s utility <W) is equivalent
to its deterministic steady-state, since o does not depend on the distribution of the shock. Therefore,
in the presence of a shock, the certainty equivalent occurs and shock volatility does not contaminate

average utility. When the approximation is done to the second degree
_ _ — N2
E(UY)~E (UU+a(UU—UU> +8(u” - T7) )

we no longer have certainty equivalent and the unconditional mean (W) differs from the deterministic
steady-state, not because « and 8 depend on shocks, but because the mean is going to be affected by
shocks.

Parallel to these articles, there is the literature that uses the Linear Quadratic Method as an
approximation technique. This method was used by Benigno and Benigno (2006) to measure gains
from monetary cooperation, by Ferrero (2007) to measure the gain of pursuing debt stabilization and
by Gali and Monacelli (2008) to measure fiscal stabilization gains in a Monetary Union. As explained in
Salvado (2009), the problem of this method is that it measures stabilization as the quadratic difference
towards a target, which does not necessarily reflect the optimal level that can be pursued.

Gali and Monacelli (2008) have a very similar environment to the one used in this article and
are therefore our benchmark. In their model the Monetary Union is composed by a continuum of
countries and they consider lump-sum taxes and a Calvo price setting. They compare two types of
policies: the optimal Cooperative policy and the non-coordinated policy. They conclude that without

fiscal coordination there is no stabilization of the output and fiscal gap at the aggregate level. As the

4Or any other characteristic that generates a dynamic environment.

*To compute the policy functions, impulse responses and other moments we use the package of Christiano (1998).

In this case, in the coordinated equilibrium the sum of the utilities of both countries is not the same of the repre-
sentative agent, since he does not exist in general.
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fiscal gap is not stabilized, the aggregate price level has inefficient fluctuations which leads the Central
Bank to inefficiently trade-off between output gap and inflation volatility.

Another point worth mentioning is that these authors pay little attention to quantifying the gain
derived from achieving coordination, i.e., the loss reduction from moving from a non-coordinated policy
to the optimal Cooperative policy. These authors consider it to be "quantitatively small", but give no
detail as to its quantification. Moreover, considering that coordination gains are the difference between
the stabilization gains that occur under coordination and non-coordination, it would be interesting to
analyze the origin of its magnitude.

Ferrero (2007) does not account for the gain of a coordinated fiscal policy, instead he compares
different fiscal policies always in a decentralized framework. In his fiscal policy stabilization gain, he
is concerned with the gain derived from using fiscal policy in order to stabilize a economy when it is
hit by an asymmetric shock relative to the situation of only using fiscal policy to obtain a balanced
budget.

This paper is organized as follows. First we present the economy considering that firms set prices
a la Calvo. Then, we compute the conditions that define the best policy when fiscal policy is chosen
by a common authority and compare it to the conditions that characterize the best policy when fiscal
instruments are chosen at the country level. The welfare difference of these two equilibria is the gain
from fiscal coordination. Additionally, computing the gain that would occur in the steady-state allows
us to decompose our gain in two effects: the deterministic effect and the effect that occurs due to
shocks. We consider various scenarios for the occurrence of the shock and finally we measure and

decompose the welfare gain from fiscal coordination.

2 The Economy

The world has two countries, Home (H) and Foreign (F') that have both linear technologies.
Markets have a monopolistic competition structure. Each country is populated by a continuum of
equal consumers with size one and identical preferences. In each period ¢ the economy experiences
one of finitely many events s;. The initial realization sy is given. The set of all possible events in
period t is denoted by S, the history of these events up to and including period ¢, which we call state
t, (s0, 81, ..., 5¢), is denoted by s?, and the set of all possible states in period ¢ is denoted by S?. For the
specific case analyzed here, the distribution of these events is identical for every country. Each country
sets their own fiscal policy, government expenditures and the tax rate paths, and the monetary policy

is set by a common Central Bank.

2.1 The Households

Each country is inhabited by a representative household that maximizes

- t NtH‘p
Ey» B (1—7)1nct+71n(;t—1+(p (1)
t=0

where Cy, G, N, denote respectively private consumption, public consumption and labor. We assume

the same preferences for the foreign household country (C}, G}, N;).
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In its turn C; is a composite consumption index defined by”:
101
Cr =205, Cpy (2)

where Cp; is an index of the home country’s consumption of domestic goods given by the following

CES function: ,

Ci = { /0 1 Cm(z‘feldi} o (3)

and Cry is an index of the home country’s consumption of foreign goods:

Cry = [ /O 1 OFtU)g?dj} . (4)

Note that the elasticity of substitution between home and foreign goods is equal to one. However,

the elasticity of substitution between different varieties of a given good is given by € > 1. We assume

that this parameter is the same for the two countries®.

2.1.1 Demand Functions and Price Indexes

The optimal allocation of a given expenditure on each good produced in each country yields the

following demand functions:

Cui(i) =

Cri(j) =

Cr(i) =

C;t(j) =

1
Where the price index of good H in country H is given by Py = [ fol Py (z’)l_e di| '™’ and the

1

price index of good F' in country F' is given by Pp, = Uol Pr, (j)lfe dj} "% Since this two goods are
tradeables, in a Monetary Union we have that Py = Pj; and Pp = Pp.
We can write the expenditure in each composite good purchased by the household of country H

as?,

1
/PHt(i)CHt(i)di = PyChy
0

1
/PFt(j)CFt(j)dj = PrCry
0

Wl 41
"For the foreign country this consumption index is given by C; = 20 CR2 .

0
8For the foreign country, Cjy, is an index of the foreign country consumption of H goods (CI*{ = [fol Cx(7) & di] . >

6
and C¥%, is an index of the foreign country consumption of F' goods <C} = [fol C}(j)%dj] ot >

9Equivalent expressions are obtained for the households of country F.
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Additionally, from the optimal allocation of goods in each country and from the domestic price

11
indexes | P, = P} = P73, Pp, |, we obtain the following demand functions:

1
1 [ Pp\2
e = (1) )
1 (P2
o = L)' w
1
* 1 ([ Ppi\?2 *
CHt = 2(t> Ct (11)
Ht
1
* 1 (Pg\? *
CFt = 2<t> Ct (12)
Ft

where £t (@)represent the terms of trade in F' (H).
Pry \ Pry

We consider the timing as in Lucas (1982). At the beginning of period ¢, households in country H,

hold nominal wealth ;. In the asset markets they have asses to nominal balances, My, noncontingent

debt issued by the two countries Byt + Bpy and private state-contingent debt Ej {Qys41B¢+1} that

cannot be traded among countries. The price of this last asset is Q)¢ ¢+1, that represents the price at

date t when the state of the world is sy, of a bond paying one unit of currency at date ¢+ 1 if the state

of the world is sy4+1. Thus,
My + Bt + Brt + By {Qtt+1Bi41} < Wy (13)

Afterwards, good markets open and they buy consumption goods, restricted to the following cash-
in-advance constraint:

PuiCri + PriCry < M,y

Finally, at the end of period ¢, they receive labor income net of taxes, (1 — 74) WV, seigniorage
1

revenues from the central monetary authority, Z;, profits from the monopolistic firms ( [ T; () di) and
0

all asset returns. Therefore, wealth in the beginning of next period is:
1
Wt+1 = M; + (BHt + Bpt) R; + Bt+1 + (1 — Tt) WiNy + Z; + /Ft (Z) di — Pg:Chi — PriCry
0

Therefore, in country H households choose {Crt, Crt, Ny, My, Brt, Brt, Bit1}ioq in order to max-

S 1o
imize its utility Eo > 3 {I_TV InChy + 1_77 InCr; +vInGy — ]\{tﬂo
t=0

}, subject to the following budget

constraint,

PyiCut + PriCri + Mip1 + Bri+1 + Bris1 + Eip1 {Qi41,442Bi42} <
1

< M;+ (Bri + Bp) Ry + Byy1 + (1 — 7)) WyNy + Z; + /Ft (i) di (14)
0

and to the cash-in-advance condition:

PiCri + PriCre < M,
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The households in country F' have an identical problem.
From the first order conditions of the households problem!? we obtain the Euler equation (equation
(15)), the intertemporal condition of the state contingent debt (equation (16)) and two intratemporal

conditions (equations (17) and (18)).

1 Ry
=RE— " 15
PyiChry b "Pre1Crin (15)

PyiCuy
_ 16
Qi1 =0 Porve1Crives (16)

l—~vl—7 W}
NPCyp = 17
t Ht 2 Rt PHt ( )
Cht _ Pre (18)
Cr:  Puy

From (15) and (16) and taking expectations we can get the usual non-arbitarge condition R; =

1
ErQt 41"

2.2 National Fiscal Authorities

The fiscal authority in the home country taxes labor income at the rate 7. The budget constraint

of the home fiscal authority!! is:
T¢tWiNt + But = PuiGt + Bri—1Ri—1 (19)

where G represent public consumption of the domestically produced good. For any given level of Gy

the government optimizes the expenditures across national goods, yielding the following government

demand function 12:

Gii) = (%ﬁ) e (20)

The foreign fiscal authority has a similar budget and the same fiscal instruments.

2.3 Central Monetary Authority

Each period, the central monetary authority sets the interest rate, R;, issues money, MtU and

allocates the seigniorage revenue Z;, Z; to the two countries.

2.4 The Firms

In country H, each firm has the following production function:
Yi (i) = AN, (i) (21)

where Y; (7) is the production of good 7 that can be used for private consumption in the home and in

the foreign country (Cry, Cjy,) and for public consumption in the home country (Gy). A; is a random

108ee appendix A.1 for further details.
"For the foreign country, the budget constraint of the fiscal authority is given by
TiW{N{ + Brt + Biy = PriGi + (Bre—1 + Biy_1) Ri—1

N\ =0
2For the foreign country the demand function is G (j) = (M) Gy.

Ppy
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variable that represents aggregate technology in country H. Country F' has an analogous production
function (Y;* (j) = A7 N; (j)), where Y;* (j) can be used for private consumption in the home and in
the foreign country (Cry, C},) and for public consumption in the foreign country (Gy).

From the clearing of the market of good 7 in country H and equations (5), (7) and (20), we can

write that:

Yi(i) = Ci(i)+Ciyy (i) +Gi (i) &
Yi(i) = (P’“”(Z)

-9
5 > [Cre + Cipy + Gy
Ht

Summing for all goods ¢ we obtain the following aggregation:

Y: = Cu + Crpy + Gy (22)
2]

where Y; = [ fol Yt(z)%dz} " is the aggregate output index for country H.

Doing the same for good j, we obtain:
Y =Cri+Cp + Gy (23)

We consider that each firm is a monopolistic producer of one of the differentiated goods produced in
each country. The price-setting is @ la Calvo (1983) and the fraction of firms that set prices optimally
in a given period is given by 1 — pu. Hence, when a firm has the opportunity to set a new price in
period ¢, it maximizes the expected discount value of its profits. For the rest of the firms, we consider
that they just adjust the pre-set prices according to the steady-state inflation rate'® 75, 7p for firms

in the home country and for firms in the foreign country, respectively. Hence,

Pgi(m) = 7wy Pri—1(m), for firms in country H

Ppi(n) = 7wpPpi_1(n), for firms in country F'

The problem of the firms (in country H) that get the chance to optimize their price (ﬁHt), can be

described as:

o
- W
max By Y (B)* v [PHtYHk(m) — — Y (m)
Py At+k

k=0
subject to

Pri )’
Yt+k(m) :< P, ) Yiik

Therefore, the optimal choice!* of Py is given by:

oo
kl—y Yiig —0 0 Witk 1
s By (Bu) Fla X ¥

2 C t,k 6—1 P A
PHt _ =0 Ht+k Ht+k t+k

P s k1 Y 1-6
2 kzo (B 5" Trran Xk

Xit1,6-1
THt4+1

where X, = , Or:

L E>1
X = THt4+1THt4+2---THt+k ' =
: 1, k=0

BDefinitions of inflation rates are given by mugr = Pt/ Pri—1 and wp¢ = Ppe/Pri—1.
14Gee appendix A.2 for further details.
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Additionally, the aggregate price can be written as:

1
-0

Pry = UOI PHt(i)ledi] =

Py = [(1 — f) ]31%1;9 + MPIZEJ Y

1

~ 1 [ L~ Py
bHt {1 a1 ,U/ﬂ-Ht , wi PHt Pr,

In the special case of flexible prices, the price chosen by every firm is identical and a constant

(24)

markup over marginal costs:

Pit = Pat (0) = 5o (25)
2.5 Market Clearing
For each state of the world, s; and date ¢, we have the following market clearing conditions:
e Goods market:
Yi(@) = Cut (i) + Oy (i) + G1 (i) (26)
Y (G) = Cr(5)+Cr (5) + G7 (4) (27)

Labor market:

/ 1 N, (i)di = N, (28)
0

1
| woa = w; (29)
0
e Money market:
MY < Py (Cuy + Chyy) + Pre (Cry + Chy) (30)
e State contingent nominal bonds market:
1 1
JBi(i)di=0; [Bf(j)dj=0 (31)
0 0

Non state contingent bonds market:
1 1
J (Bre (i) + Bry (i) di + [ B, (j) dj = 0 (32)
0 0

3 The equilibrium

The assumption taken in this paper, that the two countries are identical in structure and in the
distribution of shocks, imply a symmetric equilibrium and an identical expected welfare whatever is
the equilibrium with symmetric fiscal policy instruments. In addition, since we take as given a common
monetary policy and identical distribution of seigniorage, the influences that a choice of one policy in

one country can have on the equilibrium of the other country, are only determined through terms of
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trade and nominal prices, given the nominal rigidity. Since we consider that the nominal interest rate
is defined ex-ante and therefore constant, this implies that the channel of external assets is reduced in
its importance. This reasoning leads us to simplify the analysis imposing no change of assets either
across countries or between government and households. Therefore we can write the equilibrium of
the trade balance in every date and state as an additional restriction on the equilibrium. It can be
written as,

PyCtyy = PriCry (33)

Therefore, the equilibrium with sticky prices can be defined as the sequence of allocations and
prices
Chit, Crv, Clyy Oy Nuy NEL Y, Y Gy G Boe W Wi e b K3 B gy gy b and policies
Hty VFty Y ey Yy 4VE Ve s Lty Ly Oty gy P’ Py’ Pre? ty L'ty g s L'y s WHE, TFt 40 p
{ Ry, MV, Z;, Z} 74,7} }toio that satisfy the following conditions:

Y; = Cui + Chy + Gy (34)
V)" = Cri + Cpy + G{ (35)
W,
Gy = TtitNt (36)
Py
W*
G* ¥ t N* 37
¢ t Py (37)
Y, = ANy (38)
Yy = A;N{ (39)
Pry  Cuy
Sk THt 40
Py Cry (40)
P _ Cin (41)
PHt C}k?‘t
Et CHth _ l (42)
Tat41CHi41 B
p—Crft 1 (43)
7TFt+ICFt+1 B
1-v 1 _ Nf R w8
2 CHt 1-— Tt gv—t
Ht

1-v 1  NY R

2 Cxr, 1-—71FW
Ft t Ppy
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Ktzlgfyciteflgzl+5#@< ) Kt (46)
K=l . 'vgi : f 1 Z’V;t 2* + BuE, <7TFt ) K7y, (47)
Fy = ! ; ’ycit + BukE; (WHH >1 Fia (48)

F = % g;t + BuE; <7rFt+1> ™ (49)
(7) = o

Notice that we can substitute % of the trade balance (equation (52)) into equations (40) and

(41) in order to eliminate this variable from the system. We, then obtain the following two equations:

Cur = Cipy (53)

The above two equations represent risk sharing in aggregate consumption. Due to the structure
of the economy, imposing balanced trade in each moment in time, is equivalent to imposing that the

consumption levels of each good are equal across countries.

4 Strategy to solve the Cooperative and Non-Cooperative equilibria

Most studies in the Neo-Keynesian literature which cannot be solved in closed form'® approximate
the set of equilibria by loglinearizing and then, depending on the institutions, compute the optimal
equilibrium. Namely, the Linear Quadratic approach in models with distortionary taxation can be
described with the following procedure as in Beningo and Woodford (2005): first, a second-order
approximation is computed to the model structural equations. Second, those approximated equations
are used to solve for the expected discounted value of output as a quadratic function. This solution
can then be used to substitute the proportional terms of the expected discounted output in the
quadratic approximation, in expected utility. In this way, it is obtained an approximation to expected
utility which is purely quadratic, that can be seen as a loss function. This loss function can then be
evaluated to second order using an approximate solution for the endogenous variables of the model
that is accurate only to first order. One is then able to compute a linear approximation to optimal
policy using a simple linear-quadratic methodology.

Conversely, here we obtain an optimum choice of policies in every institution prior to performing

any type of approximation'®. Only after, when we derive all the equations that define the Cooperative

For a detailed explanation of the literature see Salvado (2009).
'Tn both problems we consider a timeless perspective as defined in Woodford (2003).
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equilibrium and the Nash equilibrium, do we perform a linear approximation around the corresponding
steady-state, to be able to obtain a numerical solution. Notice that we use a linear approximation
since we rely on the proof of Schmitt-Grohé and Uribe (2005), where they show that the exact solution
of a model is not significantly different from the one based on first-order approximations.

We proceed to the approximation around the steady-state of the non-stochastic Cooperative (and
Nash!'") equilibrium of the set of equations that define the optimum. By taking the first order Taylor
expansion of all the equations that define the Cooperative (and Nash) equilibrium. We consider that
each variable Z7; = Xy — X, where X is the steady-state of a given variable!®.

Given the values for the monetary policy and the choice in this problem of fiscal policies, the state
is defined in this problem as s; = {4y, A} }.

We assume that shocks evolve according to
S5t =Psi_1 + ¢

where 5, = [ gi ] , P = [ g 0 ] with p < 1, and &; is uncorrelated over time and over shocks. For the
t

numerical simulations we consider that the serial correlation of the technology shock is p = 0.9, that

the standard deviation of both shocks is 0.05 and that the shocks between countries are uncorrelated.

Therefore, the solution to this problem can be described by
zt = Az_1 + Bs;

where z; is the vector of all variables in deviations from the steady-state.

We develop the exercise for identical countries: identical technology, identical preferences, identical
initial conditions and identical distributions of state variables.

In all the numeric simulations we use a parametrization common to the literature. As such, we
consider a labor supply elasticity of 2 (¢ = 0.5), a markup over marginal costs of 1.2 (f = 6) and that
the probability of a firm optimizing prices is 25% (p = 0.75). Additionally, we consider v = 0.25,
which is coincident to the average ratio of government consumption over GDP in the major developed
economies. Finally we parametrize § = 0.96, and A = A* = 10.

We consider that monetary policy is chosen independently of the way fiscal authorities choose tax

rates. That is, monetary policy is exogenous and given by Ry = Rgteqdy state-

4.1 The Cooperative equilibrium

The policy objective of the central policy maker is the choice of both fiscal instruments (74, 7})
that maximize the expected sum of life-time utilities of both countries at time 0. Hence, the common

fiscal policy maker chooses
[e.e]

w, W .
{CHtathaC;It70;t7Nt7Nt*7n>Y;*aGta ?apthtap71;t7KtvaK:>Ft*77THt77TFt7Tt7T?} that maxi-

mizes

"We would like to notice that this procedure is done to the cooperative equilibrium and to the Nash equilibrium in
separate.
"5 We use the numerical method of Christiano (1998) to solve the linear system.
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o) 1*’71 C 1—v Nt,lﬂo

. 5 InChy + 5 InCry +yInGy — o
max EO E /3 1— 1— N*l«Hp
pard _|_[ 271nCI§t+42’YlnC’;t+'ylnt—71‘+¢ ]

s.t.
Equations (34) to (39); (42) to (51); (53) and (54)

The set of the Cooperative equilibrium equations and the corresponding steady-state can be found

in appendix A.8 and A.35.1.

The optimal steady-state!® allocations are:

CS =26231; Cif =2.6231

C% =26231; C3F =2.6231

G¢ =1.5792; G*¢ =1.5792
NY =0.68253; N*C =0.68253
¢ =0.27765; ¢ =0.27765

PC
¢ 1; ﬂ'g:l; %:1
PH

U® =0.9814; U*“ =0.9814
UYC = 0.9814

Given the hypothesis of symmetry that we impose, the optimal steady state allocations are iden-
tical in every country. This assumption and the symmetry of both aggregate goods, Cy and Cp,
(C% and C%) in the definition of aggregate consumption®’, leads to a relative price in the steady-state

equal to one.

4.2 The Nash equilibrium

The Nash equilibrium can be described by taking simultaneously the system of equations that
define the problem of the fiscal policymaker in country H, and the equations that define the problem
of the fiscal policymaker in country F, as those include clearing conditions. A natural way to represent
the Nash equilibrium of each country was to include as restrictions to the maximization problem, all
the equations that define the competitive equilibrium. However, to simplify the computations we first

analyze which restrictions are necessary to include in the problem of each country.

Proposition 1 Considering that the competitive equilibrium of a generic economy can be summarized

as the following system of 8 equations, where (X, P,T) represents allocations, prices and policies,
F(X,P,T)=0
F(X*,Pt")=0
F3(P77—a7-*) =0

9That coincides with the steady-state of the cooperative equilibrium with flexible prices.
20This is equivalent with identical preferences to, no home bias.
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The Nash equilibrium can be written as usual as (problem A):

max U (X (7,7%)), for country H
T

max U (X" (r,7")), for country F
7—*

or as, (problem B):

max U (X)
T,X,,P

P (X,P,r)=0
Fy(P,7r,7%) =0
max  U*(X¥)
™ X*,P

s.t.

F2(X*7Pa7-*):0
F3(P77_a7_*):0

Proof. In appendix A.4.1. =
Applying the structure of problem B, the fiscal policymaker of country H is going to choose
o
{CHt,CFt,CHt,Nt,E,Gt, Yo Kt,Ft,ﬂ'Ht,Tt} that maximizes

o] ,7 N1+g0
EOZﬁt lnCHt—f— T Cpy + yIn Gy — T4 o

s.t.
Equations (34), (36), (38). (42). (14). (46). (48). (50), (53) and (54)

At the same time the fiscal policymaker of country F is going to choose

W o0 .
{C’Ft,C;It,C}t,Nf,Y; , GY, P—t Ky, Fy ,WFt,Tt} that maximizes

’Y 1— N*l-i-(p
EOZBt InCyy + 5 lnC'Ft—i—fylnG* T+o

s.t.
Equations (35), (37), (39), (43), (45), (47), (49), (51), (563) and (54)
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The set of the Nash equilibrium equations and the corresponding steady-state can be found in

appendix A./ and A.4.4. The main steady-state’! allocations are:

CN =2.0019; C¥ =2.0019
CN =2.0019; C3 =2.0019
GN =2.5037; G*N =2.5037
NN =0.65075; N*N =0.65075
N =0.4617; N =0.4617

PN
71'%:1; 71'%:1; P—é\,:l
H

UN =0.9199; U*N =0.9199
UYN =0.9199

As seen before, and by the same reasoning described in the optimum Cooperative equilibrium, we
observe that allocations are identical in both countries and relative price equals one. However when
we compare the steady state equilibrium in the Cooperative case and in the Nash, we can observe
that they are quite different. In the Cooperative equilibrium, countries have an incentive to reduce
the level of labor effort, increasing the tax rate on labor, which is the same as increasing government
expenditures. This interaction is inefficient, creating lower consumption levels in the steady-state
of the Nash equilibrium. Moreover, the reduction of labor effort and the increase in government
expenditures is not sufficient to compensate the reduction in consumption levels, generating a lower
level of utility as compared to the Cooperative equilibrium. This utility difference represents the

deterministic gain.

4.3 Understanding the gain

4.3.1 Impulse response functions

To understand the response of optimal allocations to shocks we devise some exercises: first, we
consider a common positive technology shock for both countries (represented in figures 1 and 2) and
then we consider a positive technology shock in country H (represented in figures 3 and 4). The blue
lines describe the Cooperative equilibrium and the green dotted lines the Nash equilibrium.

For the case of a common technology shock, we observe an increase in both tax rates at the moment
of the shock, followed by a reduction to a level below the steady-state. Finally, both tax rates converge
to their initial level. This path is common to the Cooperative and the Nash equilibrium. However,
the Cooperative equilibrium tax rate is characterized by an higher initial increase compared to the
Nash case. This occurs because in the Nash equilibrium each country does not take into account the
other country’s fiscal policy, which implies a smaller movement of the tax rate in the Nash case. By
nature, government consumption mimics the path of the tax rates.

Notice that, as shocks are identical in both countries and we are considering equality among

countries, the effects on relative prices are symmetric, which implies constancy of terms of trade.

2IThat coincides with the steady-state of the Nash equilibrium with flexible prices.
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Figure 1: Cooperative and Nash equilibrium impulse response functions of a simultaneous positive
technology shock in both countries.

As regards labor, it slightly decreases in reaction to the shock because of the initial positive
income effect, then it increases above the steady state and it converges again to the initial level. We
also observe an increase in the consumption of both goods by both countries. Finally, the Union’s
Utility is characterized by an initial increase of less than 1% and by a smooth decrease towards the
steady-state level. However, the difference between the Nash and the Cooperative equilibrium path of
this variable is not significant, which gives us an hint for the small magnitude of the stochastic gain.

In figures 3 and 4 we plot the impulse response function for a positive shock in the home country
(H). Again, labor slightly decreases in the more productive country (H), then it increases above the
steady state and it converges again to the initial level. We also observe an increase in the consumption
of good H (the good produced in the country that was subject to the shock). However, due to the
type of utility function used, consumption of good F' does not change. Since we are considering a
logarithmic utility function in both types of consumption, the marginal utility of consuming a good is
independent from the other. Thus, the income effect does not spillover from one consumption good to
the other. However, the positive effect of the shock is passed on to the other country (in this case F')
through the consumption of good H, which implies a slightly increase in relative prices in the moment
of the shock.

As regards fiscal policy, we observe that the optimal strategy for the common fiscal policymaker
is to increase labor taxes in the country where the shock occurred and to keep taxes constant in the
other country in order to obtain the same pattern of government expenditures. In the end, utility in
both countries temporarily increases.

Notice that although with differences in magnitude, the reactions to a shock in the Nash case are
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Figure 2: Cooperative and Nash equilibrium impulse response functions of a simultaneous positive
technology shock in both countries (continuation).

similar to the coordinated case. This is so because with this setup the only variable that changes
in country F' is consumption. As labor remains constant, country F does not have any incentive
in changing taxes, which implies that strategic interactions among individual fiscal policymakers are
inexistent.

Therefore, we conclude that as the shape of the impulse response functions are very similar in the

Nash and in the Cooperative case, fiscal policy does not appear crucial as a stabilization device.

4.3.2 Simulations

We follow the method used in Salvado (2009) which consists of dividing the Cooperative gain into
two main components: the deterministic gain and the stochastic gain. The stochastic gain is computed
as the mean of the gains that occur with 5.000 simulations®? of the approximate two linearized models
(the Cooperative and the Nash) with the stochastic process for the state variables defined in section
4.

We present the results in table 1. We observe that the deterministic gain accounts for more than
99.9% of total gains and represents an increase of 17.16% in consumption equivalents. The stochastic
component is small, representing an increase of 0.0161 p.p. in consumption equivalents, that only
represent 0.1% of total gains.

Therefore we see that, as shown in Salvado (2009) for a static model, the dynamics will not reverse
the results. The gain from using coordination of policies as a reaction to shocks is small. With this

example done here we can see how small this gain is.?3

22The results do not change significantly if we increase the number of simulations.
23We have also performed some sensitive analysis for different risk aversion values as regards private consumption,
however, the stochastic gain remained very small.
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Figure 3: Cooperative and Nash equilibrium impulse response functions of a positive technology shock

in country H.
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Figure 4: Cooperative and Nash equilibrium impulse response functions of a positive technology shock

in country H (continuation).

Total Deterministic Stochastic
Gain (%) | Gain (%) % Gain (p.p.) | %
Comsumption |42 y00r | 1716% | 99.9% | 0.0161 | 0.1%
Equivalents
Utility Gain 6.70% 6.69% 99.8% 0.0137 0.2%

Table 1: Decomposition of the cooperative gains

62




5 Conclusions

In this paper we compute the fiscal coordination gain that would emerge in a Monetary Union.
Considering a Calvo price setting, and separating stabilization from the deterministic component, we
show that deterministic fiscal coordination gains are always significant, whereas stabilization gains
are, on average, almost zero, representing 0.1% of total coordination gains, measured in consumption
equivalents. With this measurement we are able to quantify the gain that would occur in a Monetary
Union if fiscal policy would be coordinated over the cycle. The cost of constructing a common fiscal
authority and the incentives needed to impose harmonized policies instead of the coordinated solution
would for sure be higher. Therefore we conclude that, as well known, changing volatility has a small
effect on welfare even in models with nominal rigidities. This result should then be robust to more
complex environments. However, at the same time, as we conclude that deterministic gains are high,
fiscal policy coordination on the choice of the average level of fiscal instruments should be part of a

common economic policy in a Monetary Union.
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A Appendix

A.1 Problem of households

The problem of the households of country H can be described as,

o) 14+
1—7v 1—x N;
max Ey 6t InCyy + InCpri +~vInGy —
{Cut,Crt;Nt,Brty1,BFe1+1,Me11,Be2}2 tz% { 2 2 I+¢

s.t.

PuiCrt + PriCre + Mit1 + Briy1 + Brev1 + Erp1 {Qer1,042Be 42} <
1

< My + (But + Brt) Ri + Biw1 + (1 — 7¢) We Ny + Z, +/Ft (i) di
0

First order conditions:

Chrt)

Cry)

Brty1, Brit1)

Mii1)

Biyo)

PuiCrt + PriCry < M,y

1—-~v 1

Py — Py =0
2 Cm Ht A1t Ht A2t
1—-v 1

Py — Pridoy =0
2 Cre FtAlt FtA2t

—Ntso—l—)\lt(l—Tt)Wt:O

At + BE A1 Ri1 =0

A1t + BEA 41 + BEA241 =0

Mt EiQig1,042 + BEA 1441 =0

From equations 57 and 58, we obtain that,

Pre _ Cm
Py Cry
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From equations 57 and 59, we obtain that,

N7 1
iy = L 64
1 1—TtWt ( )
1-— 1 N7 1
Ay = d (65)

2 PyiCumi 1—1 W

Combining 64 and 65 with 60 and 61, we obtain the intertemporal and the intratemporal conditions:

CuiR 1
Bt = (66)
THt+1CHi4+1 B
2 CHt 1-— Tt g/—t
Ht
where g = P?tlfl'

In country F, households face a similar problem.

A.2 Problem of firms
The problem of the firms (in country H) that get the chance to optimize their price, can be

described as:

max B Y (Bu)" vy

[ﬁHtY;H-k(m) —
Prt k=0

subject to

Priyy o
Yitk(m) :< Prre ) Yipr

Which is equivalent to,

oo
~1 9 Wik
max - Z (B ek Yer Pl s [Pllita - AHPHtQ]
Prt k=0 t+k
The first order condition of this problem is:
- W
-~ b=
Ei Z (/Bﬂ)k ’Ut+kYt+kP£1t+k [(1 —0) PHf + Ot PHf 1} = 0o
k=0 t+k
= P 0 Wi, 1
E B kv LY kPOJrl Ht t+k - 0o
th:O( )" vk Yt Hit+k Prier 0 —1 Prrrr Aver

Knowing that v, is the marginal utility of consumption in period t+ j, we can write this equation
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as:

Py 0 Wi 1
E B 17y WP — =0&
tz 2 2Pk Crrore T TR | Py 0 — 1 Py Apgs
L= Yier 9 Py 0 Wi 1
E Bu)k — Ltk p - =0
! kZ:O( 2 2 Cuirr | Pyprr 0 — 1 Puyyr, Avr
- -
1= Yk 9| Put 0 Wi 1
E k X Xy — =0&
tz;) (Br) 2 Cuir % | Py b 0 —1 Priti Aprk
k1—y Yiik GL Wt+k 1
PHt ;.go (BN) 2 CHitk Xt k 0—1 Pryqp Artk _ Kt
PHt - E & k 1—’7 }/f,-Hg lee - E (68)
tkgo (Br)” = e Xik
where X} ), = %, or:
X 7rHt+17rHt]J-rQ---7rHt+k, k=1
b= 1, k=0
Then, we can define K; and F} as:
[oe)
Yieh g 0 Wi 1
K, = E k
! ! Z 2 2CH1+k %0 — 1 Py Ay
F, = E boxlt
t tz 2CH h t.k
Therefore,
K, - -y Y, 0 W, i"‘ﬁ,U/EtZ Bu)F! <Xt+1k 1>9 L=y Yipe 0 Wiy 1
2 Cu0—1Pg A THE+1 2 Cuiyr 0 — 1 Py Apyr
1-9 Y Xt+1k—1> “1—9 Y
F, = + BuE ’
! 2 C Ok Z B ( THi+1 2 Chik
Which can be written recurswely as,
1-v Y, 6 W, 1 -0
K FE K, 69
t 5 O 0—1Pm A + BuE; F— t+1 (69)
-~ v, 1-0
F,F = ——— F; 70
t 5 O, + Buk <7THt+1> t41 (70)

Considering that the firms that do not optimize their prices follow a static updating scheme, that

is Pri(m) = Pry—1(m) and Ppi(n) = Pry_1(n)?**, aggregate price of good H can be written as:

1
1—-6
Py = {/ P (i)t edZ] <
0

1
P = [(1= ) P + uPi"| 7

1-6

Py = (1= p) P? + nPi? |7

L

_ 1 S Py
=|— = — ith 71
bHt L — 1—p Tt ] , Wi DHt = PHt ( )

In country F, firms face a similar problem.

247TH:71'F:1.
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A.3 The Cooperative equilibrium

The Union is going to choose a common fiscal policy (74, 75) in order to maximize the weighted average

of both countries utility?®
N 2 [ljlnCHtJrlﬂlnCFﬂrvlnGt—Ntlw]
ma 2D DLR N N wei
{ CHtaCFtachCFtaNtaNt71/;7)/; 7GtaG;fk7 } t=0 +§ [Twlnojgt+TvlnC}t+fylnGt_f_|_7Lp:|
Wi
t=0

W
Pry’ th KtaFtaKtth 77rHt>7TFt7Tt7Tt

s.t.

—Cut —Cr; — Gy =0, Ay

—Cp¢ — C}k?t - G;tk =0, Ay
Wy

Gy — TtTmNt =0, Az

I

— NS =0, X
Tt PFt ) 4t

Gi

W, 2 NY
PHt 1—")/1—7't
Wy 2 N¥
PFt 1—’}/1—

Cii —Cre =0, A

Crt —Cp =0, Aot

CutRy =0, A5

CFth /\6t

CHi Ry 1
B—CHE Ly
"7ie1Crie1 B 10
Ct. R 1
E—FEt 2 —0, Ay

Trt+1Cp . B

KNYY o1
<t> — 4 F w?qtl—o, A2t

Ft 1-— % 1-—
1-— Y Y% 9 Wt 1
K; — — K =0, A
! 2 Cut0—1Py Ay 7THt+1 o ro o
1—~ Y,
F, — il AL Wk < ) Fir1 =0, A
2 Cqt THt+1
K\ 1 B a1
s —0, A
<F£‘> T—p Tt T A
1—y Yy 60 Wy 1 -
K — E K =0, X
¢ 2 Cp,0—1Pr A TR t+1 1ot
1 ~ th* ( )1 0
ot e S Y Ffo=0, A
¢ 2 Cn BuEy — i 17t

25 \;+ are the Lagrange multipliers associated with each restriction.
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FOCQC’s:
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A.3.1 Steady-state

The steady-state of the Cooperative equilibrium is the solution of the following system of 39 equations

Y- Cp—Chy—G=0
—Cp—Chp—G* =0
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For the standard parametrization (6 = 6, v = 0.25, ¢ = 0.5, u = 0.75, § = 0.96, A = A* = 10),

=0

we obtain the following solution:
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Chx = 2.6231;
Cr = 2.6231;
G = 1.5792;
7T =0.27765;
N = 0.68253;
w = 8.3333;

H
Y = 6.8253;
K = 3.4849;
F = 3.4849;
Tg=1, 7TF
A1 = 0.04202;
A3 = —0.033968;
A5 = 0.016747;
A7 = —0.026602;

Ao = 0.079489;
A2 = 0.03864;
Az = 0.198;

A4 = —0.198;
A1s = —0.04202;

A.3.2 Linearized Cooperative equilibrium

Cly = 2.6231

Cp = 2.6231
G* = 1.5792
7+ = 0.27765
N* = 0.68253
W _ 53333
F
Y* = 6.8253
K* = 3.4849
F* = 3.4849
P
= 1; P—Z —1
Ao = 0.04202
Ay = —0.033968
A6 = 0.016747
Ao = —0.026602

A11 = 0.079489

A15 = 0.03864
A1 = 0.198

A17 = —0.198
A19 = —0.04202

Here we take the first-order Taylor expansion (around the steady-state) of all the equations that

define the Cooperative equilibrium. We consider that each variable Z; = X; — X, being X the steady-

state of the given variable.
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A.4 The Nash equilibrium

A.4.1 Selection of the subset of restrictions

Proof of Proposition 1:
First let us consider for simplicity that we can describe the indirect utility function of a country
as depending only of a variable that per se depends on both countries policy instruments.

The problem of country H can be reduced to:

max U (X (7,7%))

p
The first order condition of this problem is:

oU 0X

ax or (72)

The problem of country F' can be reduced to:
max U* (X (7,7%))
T*

The first order condition of this problem is:

oUu* 0X*
oX* or*

(73)

At the same time, we can describe the Nash problem of the country H as maximizing the utility
of country H subject to all the equilibrium conditions that define the competitive equilibrium of the

model considered. For simplicity we reduced it to three equations. Hence, we can write it as:

max U (X)
7,X,X*,P
s.t.
F(X,P7) = 0
B(X*,Pr") = 0

Fs(P,r,7") = 0
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That is:

L= U(X)-f—)\lFl (X,P,T)—l—)\QFQ (X*,P,T*)—i-)\gFg (P,T,T*)

The optimum of this problem can be defined as:

=0

(74)
(75)
(76)
(77)
(78)
(79)

(80)

% = O@)\l%+)\3% =0

g—ﬁ = 0& S% + Al% =0

88]5* - O‘E’MSQ =0

gfl = 0l (X,P1)=0

(;9)\52 = 0 K (X,P1)=0

g)\i = 0 F3(P,7,7")=0

From equation 76 we obtain that Ao = 0 because % # 0. From equation 74 we obtain that
Al = —E%Ul = —g—%%, then from 75

0X

o oF3
A o7 + A3 or =0«

OU 9X OF . OF;
oX oF, or ' P or
oU dX OF, ot

57 90X OF, or OF;

Finally, from 77 we obtain that,
0F; 0F, OF3

=0&

Map thgp TR
oU 9X OF,  OU 9X 9F, Or OF;

T OXOF, 0P | 9X 0F, 0r OF; 0P
oU 0X 0F; oU 90X 0F, 0t 0F3

T OXOF, 0P | 9X 0F, 0P OF; or

0 =

0=

0=

0=

0

Therefore we can conclude that the restriction F» (X*, P,7*) = 0 is not active in this problem and

hence we do not need to include it.

A.4.2 Problem of country H

o
1 _
max . E025t{ QPYIHCHt—i-
{ Cut, Crt, Chpy, Ni, Yy, Gy, } t=0

Wi
PHtt ) Kthvﬂ-Ht’Tt

t=0

s.t.

Vi = Cut —Cpy — Gy = 0,
t

Gi-n N, = 0

= Tep i ;
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A.4.3 Problem of country F
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A.4.4 Steady-state

The steady-state of the Nash equilibrium is the solution of the following system of 41 equations:

Y-Cy—-Ch—G = 0
Y —Cp—ChH—G* = 0
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|
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For the standard parametrization (6 = 6, v = 0.25, ¢ = 0.5, up = 0.75, 5 = 0.96, A = A* = 10)
we obtain the following solution:
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Cyx = 2.0019;
Cr = 2.0019;
G = 2.5037;
T = 0.461T7,;
N = 0.65075;
w = 8.3333;
H
Y = 6.5075;
K = 4.3536;
F =4.3536;
Tg=1, 7TF

A = 0.073923;
A3 = —0.021933;
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Ao = —0.17983;
Ao = 0.048935;
A2 = 0.023788;
Aisg = 0.097572;
Arag = —0.097572;
Mgy = —0.073923;

A.4.5 Linearized Nash equilibrium
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