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Abstract

In the sequence of the 2008-09 financial and ecanenisis, public debt has increased considerably
in many countries of the European and Monetary binf high level of government indebtedness may
enlarge stabilization costs and influence theirvenedistribution among small and large union cogntr
members.

Extending a standard New Keynesian open-economyehitoda monetary union where atomistic
economies coexist with a large country, we explwa the level of government indebtedness shapes
full-optimal discretionary policies and stabilizati outcomes, under different policy regimes.

Numerical results show that, in general, higherliputebt levels hamper business cycle stabilization
for the union as a whole and are more likely toghiee the stabilization performance of small coyntr
members. In this case, mechanisms to enforce catiperare clearly recommended, not only because,
under a high debt environment, union-wide welfarste become meaningful if non-cooperation prevails,
but also because political support for cooperati@ay be hard to achieve. Indeed, while cooperatiwh a
monetary leadership is preferable to fiscal leddprfor the union as whole and for the small coiestr
the big country clearly prefers fiscal leadershvpgere it can explore a larger strategic power wssahe
common monetary policy authority. In turn, undewldebt levels, cooperative stabilization outconmes a
relatively similar to the non-cooperative ones.

Keywords:Monetary union; Optimal monetary and fiscal rulasymmetric-size countries; Debt levels.
JEL Class.: E52; E61; E62; E63.

1 Introduction

In the sequence of the latest financial and ecoooenisis, public debt has increased
considerably in many European and Monetary UnioMUE countries. A higher level of
government indebtedness may enlarge the budgetanrsequences of the shocks and further
constraint fiscal policy on business cycle stahtliian. In addition, as Leith and Wren-Lewis
(2013) showed, it boosts the effectiveness of maygepolicy on debt-stabilization while it
reduces that of fiscal policy. In turn, th@me-consistency requirement under lack of

commitment determines that permanent effects otkshare fully eliminated and that debt
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returns to its (efficient) steady-state level, undptimal discretionary policies. Therefore, the
optimal stabilization policy-mix that emerges undéescretion crucially depends on the level of
public debt. Additionally, there could be efficignstabilization gains, resulting from the
increasing competence of monetary policy on deditiszation and of fiscal policy on short-run
stabilization, as the debt-to-output ratios incecal these gains outweigh the costs of
stabilizing larger budgetary consequences, it issinbe that welfare stabilization costs could
evolve non-monotonically with debt under discretias found by Blake and Kirsanova (2011).

In turn, in @ monetary union such as the EMU, amom monetary policy coexists with
decentralized fiscal policies and business cydiltation could be seriously hampered by
strategic interactions between non-coordinatedcigdi Such strategic policy interactions are
shaped by the level of government indebtednesshenicklative size of the countries that belong
to the monetary union, as the policy spilloverslaafie and small countries are of different
magnitude. A small, rather open, country is mdtelji to suffer to a larger extent the effects of
country-specific shocks and, thus, to experiena@ige stabilization performance than a large,
rather closed, one. Furthermore, as the policyosgits of a very small country are negligible,
incentives to deviate from cooperation are smadlian that for a big country.

In this paper we intend (i) to assess how the lefepublic debt shapes full optimal
discretionary policies in a heterogeneous counmgy-smonetary union and affects
macroeconomic stabilization performance in cooperaadnd in alternative non-cooperative
regimes (simultaneous-move, monetary leadershigdiscal leadership); and (ii) to appraise the
implications for very small (atomistic size) andge country-members.

To address these issues we use a multi-country D®G&e| of a monetary union, with
monopolistic competition and sticky prices and vehiscal policy is allowed to have demand
and supply-side effects, as in Leith and Wren-Le{@313), under different debt scenarios. In
turn, while maximizing, respectively, the union-eidelfare and their national counterparts, the
monetary authority and the fiscal authorities assuaned to engage in discretionary policy
games. Most of the existing literature on optimaligles in a monetary union relies either in a
two-country model (e.g., Beetsma and Jensen, 2005 and Ferrero, 2009) or in a multi-
country model where the union is made up of a contin of small open economies (e.g., Gali
and Monacelli, 2008 and Leith and Wren-Lewis, 20T1is allows for the analysis of policy
interactions between economies where domestic shackl policy decisions have either
significant impact or negligible impact on othermimer states and on the union. We intend to
fill a gap in the literature, with a multi-countmodel that allows the analysis of monetary and
fiscal policy interactions in a more realistic mtarg union environment, where fiscal

authorities of a large country and very small caastcoexist. Our model provides a more




general framework that also matches the cases rabraetary-union made up by two large
economies and by a continuum of small economies.

Several works have addressed how policy interagtiand stabilization outcomes in a
monetary union are shaped by country-size asymm@y.,, Canzoneret al., 2005, and
Mykhaylova, 2011) and by the government debt (&an, Aarleet al., 2004, Kirsanova et al.,
2007, Argentiero, 2009, Ferrero, 2009, Leith andelMrewis, 2007, 2011, Blueschke and
Neck, 2011, Pappa, 2012, and Vogedl., 2013). For instance, Canzonefial. (2005) show
that a common monetary policy, responding to umigae inflation, produces asymmetric
effects on countries within the union, dependingurether they are large or small, or whether
they have high or low levels of government indebtss$. They found that the (non-optimal)
monetary policy favors larger countries in the Ednea and that high debt levels lead to
welfare costs.

As regards strategic interactions between diffepeficy authorities, an important branch of
this literature has considered the case of non@adion but still a scant part uses dynamic
models, which are more appropriate to analyze akeeaf public debt in policy interactions. In
this spirit, van Aarleet al. (2002), Beetsma and Jensen (2005) and ForlatBj2@@r instance,
analyze non-cooperative monetary and fiscal paicieder Nash, Kirsanow al. (2005) and
Orjasniemi (2014) examine the case of monetaryeiesib, while Machado and Ribeiro (2010,
2011), Blueschke and Neck (2011) and Adam and EII08, 2014) consider both Nash and
leadership solutions. The issue of the desirabditypolicy cooperation is naturally a related
one? For instance, van Aarlet al. (2002) argue that EMU increases the need for
macroeconomic policy cooperation.

Our results show that government debt levels cliycgnape the need for adopting policy
cooperation in a monetary union. While under lovbtdkevels, cooperative outcomes are
relatively similar to the non-cooperative ones, emd high debt environment, union-wide
welfare costs become meaningful if non-cooperafioevails. In this case, mechanisms to
enforce cooperation are clearly recommended, dmedig country may strongly oppose to it.
A highly indebted big country clearly prefers fisé@adership, where it can explore a larger
strategic power vis-a-vis the common monetary gddigthority; this regime, however, imposes
substantial welfare costs on the small countriesamthe union as a whole.

The work is organized as follows. Section 2 deswitihe theoretical currency union model.
We derive the structural equations of the mode sthaal loss function and discuss the policy

games considered in the analysis. In Section 3stway the design, the performance and the

2 See Beetsma and Giulidori (2010) for a recentesuon this.




implications of fully optimal policies across difemt public debt levels and policy regimes,

appraising the consequences for a very small dadja country. Section 4 concludes.

2 A Currency Union Model

We model the currency union as a closed systemgnupdof two blocks of countries,
populated by a continuum of aged[®, 1]. One of these blocks is a big country, inetbhyB,
with a relative size ofl-n), ng[0, 1]. The other block, indexed I8 has dimensiom and is
made up of a continuum of small countries, eacthem of measure zero, indexedds[0, n].
Having identical economic structures, each couh&ry a separate fiscal authority, but they are
subjected to a common monetary policy. The big tqu(B) is made up of a continuum of
small geographic units, indexed byon the intervali,1]. In terms of population (households
and firms), each one of theBgeographic units is equivalent to a small courtityt, differently
from the latter, they are subjected to the samekshand share the same fiscal authdrity.

Households and firms in each geographic uitr) are indexed bt on the interval [0, 1].
Firms constitute a monopolistic competitive se¢tmt produces a continuum of differentiated
final goods, with price stickiness. With regard fewtor markets, labor is the only input of
production and it is immobile across countries.niSirare wage-taker in segmented labor
markets. Each household supplies a differentiatiedrlinput, specializing in the production of a
specific final good (indexed by). Wages are perfectly flexible and settled by veoskof each

type of labor. We consider a cashless economy ®oiodford (2003, Chapter 2).

2.1 Households

Each country is inhabited by an infinitely-livedpresentative household seeking to
maximize lifetime utilityU,(h). We assume full asset markets, such that, throisghsharing,
all the households inhabiting a given country féoe same budget constraint and make the
same consumption plans. The representative houwséhimhabiting a small country in th®

block (say, countryg0,n]), seeks to maximize

Ui(h) = E, {Z?’:o Bt [u(Ct‘) +V(G)) —v (Lit(h))]},where: (1)

u(Ci) =5 (c) 7,

. =
V(Ge) = Yoy (GE) ¥ 1o 20,

3 This is similar to Forlati (2015) model's stratedpt, differently from us, she assumes that ajlaes
are very small countries.




v (L) = 2= (L) 20> 0.

The utility function is additively separable afgl, Gi andL(h) denote, respectively, real
private consumption, regér capita public consumption and hours of work.

Parameters stands for the intertemporal discount factprjs the inverse of the Frisch
elasticity of labor supplyr andy are, respectively, the intertemporal elasticitgwolbstitution of

private and public consumption.
Similarly, for the representative househblliving in geographic unib of the big countnB:

U () = Eo {2i20 B* |w(CE) + V(GE) v (LE(W)]}, ¥beB. )

cl, CE, G} andGF are composite consumption indexes, described below

2.1.1 Consumption
From the viewpoint of a representative householdlfiiting small countrye S, C} is an

Dixit-Stiglitz (1977) aggregator of home and foreigoods, defined as

y-1 -
. E 1o pfy
Ct= [ASY(C},t) + (- AS)V(Cil-’t) Y ] ,Where: 3)
i 1r i = :61
Cl, = (fo [cl.(n)] < dh) ,

Y
14

i rt 1 Yy
Ciyp = | =nr(che) 7 +a0r(ci) 7 | with

€ €

Ch, = <(ﬁ)1 ek t] o db)e_l $Che = (fol[clﬁ,t(h)]? dh)a,

L €
Y-

cs",tz<() k] 7 d ) te= (k] = dh)

y>0 is the elasticity of substitution between doriceand foreign goodscift is a composite

consumption index of domestic goods aﬁiql,t is a composite consumption index of imported
goods (we use i to denote "noi"). Following Benigno and De Paoli (2010) and Gaid
Monacelli (2008),(1 — A5)=(1-O)x=« is the imported share, which is function of thiatige

size of the small economy (zero, in this case)thedlegree of trade opennesq0,1]. C} t(h)
is the quantity of domestic goddconsumed by countnys representative household, angl
is the elasticity of substitution between goodsdpied within a given countrﬁélt and Csi,t

are, respectively, composite indexes of importeddgafrom blocksB andS. In turn,C};,t and




Sf'_t are, respectively, composite indexes of importeodg from geographic unitee B andse
S.
To a representative household inhabiting couBryndependently of the geographic unit

where she or he live€f is defined as

y—-1

CEE[ABJ(C};t) +(1—AB)?(C£t)v] ,where: 4)

€

1 1 \ed 1 y-1
C8e = <(ﬁ)ef:[cgt] ‘ db) Cse = <(%)y IS ds)

-
y-1

where (1 — A3) = na is the share of imported goods from blo8kCS, is a composite
consumption index of domestic goods Whﬂét is a composite index of domestic goods
produced in geographic unkieB, defined in the same way as;,t C8, is a composite
consumption index of imported goods wherégsis the specific composite index of imported

goods from countrge S, defined in the same way égst

2.1.2Prices
The consumer price index (CPI) for a small econog/is given by

1
L= [AS(Pf)l_y +(1- )ls)(Pt_i)l_y]l_y,where: (5)
1

(S [Pim] ™ dn),

. .
Pit=[(1 = n)(PEYYY + n(PF)Y Y], with:

Pi

P = (2 L1RYT ™ ab) R0 = (e o] an)'™,
ps = (L [P ds) 7 By = (PRI dh)

where P} is the aggregate price index for goods producedontryi, and Pi¢ is the
aggregate price index for foreign (and union asle)horoducts. The law of one price holds but,
given the home biased preferences, the purchasimgrpparity does not hold for aggregate
consumer price indexe®{(h) is the price of country's home-produced good; P and
P? are, respectively, aggregate price indexes forbtiedle of goods imported from blocEs
andS. In turn, P? and P{ are, respectively, aggregate price indexes forbilnedle of goods
imported from geographic unik& B andse S.

Similarlaly, P2, is given by




1
P8, = [A5(PEYY + (1 = 25) 3 [ 1PE1* Y ds|' ,vb € B. (6)

Notice that the aggregate price index for goodsipeed within a geographic unit of country
B is the same across all geographic uri&=P?,vbeB). Combined with identical preferences

and the law of one price, the aggregate consunneg prdex is also the sanﬂftszt, VbeB.

2.1.3 Budget Constraints
Period budget constraints faced by representativséholds living in geographic unisS

andbeB are defined, respectively, as:

Pci,tCti + Et{Qt,t+1Dti+1} < Dl + WH(R)LL(h) +TE — T, (7)
P8.CE + E{Q¢t+1Df 1} < DE + WP (W)LY (h) +TE —TE,vb € B. (8)

W/ (h) represents the nominal wage in peripB., ; is the nominal payoff in periog1 of a
portfolio of state-contingent securities held &t émd of period, I': stands for after-tax nominal
profits from ownership of the firms, ar@ .., denotes the stochastic discount factor for one-
period ahead nominal payoffs, common across camtit is assumed that households have
access to a complete set of state-contingent siesutiat span all possible states of nature and

are traded across the unidi.denotesper capita lump sum taxes in countiy

2.1.4Labor Supply, Wage Setting and Optimal Consumption

The representative househdidhhabiting a small countieS, maximizes lifetime utility (1)
with respect toC}, D},, andLi(h), subject to (7). In turn, the representative hbakeh,
inhabiting geographic unteB, maximizes lifetime utility (2) with respect ©F, DZ,, and

LE(h), subject to (8). The first-order conditions aespectively,

LL(R)
Wt(h) = (1+ pty,e) v:c(t(tct?))
Wf W (1+p t)v“( {0) upen (9a)

G

J
uCt+1(Ct+1) P

Q¢ e+1 :ﬁ{ ue (Cj) Pl

ct+1

} j = B, s(including i) € S. (9b)

which are assumed to hold for all periods and stafenature (at andt+1, in the case of
equation (9b)).Under the assumption of completerfaial markets, equation (9b) will hold for

the representative household in any coupttbyabor markets are characterized by an exogenous

country-specific wage markum{\,,t>0 is the net wage markup, capturing monopolistic




distortions in input supply. Following Clarida, Gahd Gertler (2002), we allow for exogenous
variation in the wage markup in order to allow ¢ost-push shocks.

Let R denote the gross nominal yield on a riskless @reeg@ discount bond. Then by
taking the expectations of each side of equatidy), (&e obtain the following conventional

stochastic Euler equation:

5 (10)

Vj=B, s€S, where(R;)™! = Et{Qt,Hl} is the price of the riskless one-period discownmi

For future reference, a superscript "star" willused to denote union-wide variables.

2.1.5International Risk Sharing

Combining the Euler equations for each country unlde assumption of complete financial
1
markets, we obtain the following international riskharing condition: (C;)JPC‘_t =

1 1
95(CE)aPs, = 9p(CE)7PE,, viseS, all t, and whered; anddp are constants, depending on
initial conditions. Without loss of generality, vassume symmetric initial conditions wifly =
95 =19 = 1. After log-linearizing the international risk sirag condition and integrating over

all households, we get

cti =c/+o(1- a)tté, 1€
c =ct+0(1 - a)ntt?, (11b)

where lowercase letters denote (natural) logs efcthrresponding variableg! andtt? are
the effective terms of trade for countngeS and for countryB, respectively. Following Gali
(2008, p. 155), the effective terms of trade carapproximated up to a first-order log-linear

approximation around a symmetric (zero-inflatioi®asly state by:

. i . . . . 1
ttf = pr' —pi = pi —pt = A —n)teh, + [ el ds andetf = pf —pf == [ etB, ds.*

Making use of equations (5) and (B}, = (1 — A)tt! + pt and pB, = (1 — Ap)ttE + pE.
We can also establish a relation between domesiduption inflation and the CPI inflation as:

ml, =mi+ (1 — A)Attl andrB, = nf + (1 — A5)ActE.

4 We define bilateral terms of trade between cousitieand % as the price of country,% goods in

X2

: P
terms of country Xs goods, |.e.TTJf2{t = ﬁ
t




2.1.6 Aggregate Demand

In each country, the demand for home-produced ¢posdhe sum of three components: the
demands of domestic and foreign households (prigatesumption) and government (public
consumption). For simplicity, it is assumed thateggmment expenditures are fully allocated to

domestically produced goods:

€

6t = (Rletm] < an) (12

GE = (ﬁ f:[Gﬁt(h)]% db)H, (13)

whereG{ andG? are composite indexes representing peakapita public consumptiof.
Total demand for the generic gobgroduced, respectively, in geographic urtss andbe

B are given by

Y4 = ¢l + [[cs (W] ds + A = n)[cE )] + 6B, (14)
r&(m) = @ —n)[cE.M] + [[C5. (W] ds + GE (), (15)

vh € [0,1], Vb € B, where we take into account the identical behawfdrouseholds within
each geographic unit - symmetric equilibrium, giveéentical preferences and initial conditions.

Aggregate demand is normalized by population siee, it is expressed ijper capita terms.
To obtain aggregate demand for countieS andB, we need to aggregate over all varieties

in equations (14) and (15), using Dixit-Stiglitzgaggators.

Aggregate demand in countigS is given byY;4 = (fol[Yi‘dt(h)]T dh) " The demand for
the generic goodh, produced in countryeS, is a function of relative prices and aggregate

Pi(h)
P{

—€
demanszifit(h) = ( ) Yifit,‘v’h € [0,1]. The aggregate demand in geographic baB is

defined a%;d, = ([, [vh.(w] = dh) ™.
For countryB as a whole, aggregate demanafﬂ’ﬁ = Yb‘ft,vbeB; total aggregate demand is

(1-n) YBd_t. The demand for the generic gobd produced inbeB, is defined asYb‘ft(h) =

b —€
(Ptp(bh)> Y#, vh € [0,1],Vb € B.

t

5 Gii_t(h) is the quantity of domestic goddpurchased by the government of small countand G5,
represents a composite index of courity government expenditures on goods produced in gpbgr
unitb, defined in the same way &§,.




2.2 Firms

Each firm located in countnye S produces a differentiated gobdwith a linear technology
represented by the production functi#a(h) = ALLL(h),Vh € [0,1], whereYi(h) denotes
countryi's production of good (firm h's production),A: represents the level of technology of
countryi, andLL (h) is the firm-specific labor input.

Independently of the geographic unit where theylacated, all firms in country8 have
access to the same linear technology representey”ty) = A?L2(h),vh € [0,1],Vb € B,
whereA? represents the level of counis technology.

Let A{, j=B, s€S, including small country, represent countrys technology. It is assumed
that ag' = logA{ follows a stationary AR(1) procesa{ = paa{_1 + stj,j =B,s € S, where

€ [0,1] andstj is white noise.

It is assumed that firms set prices in a staggéaeHtiona la Calvo (1983): (1) is the
probability of a firm reseting its price in any giv period, whiled is the probability of a firm
keeping its price unchanged. Let counjtgyindex of price rigidity,0/, be defined a#g for
J=S,\VseS, andfj for j=B.

Formally, in each country, j=B, s€S, a wage-taker firm able to set a new prﬂ;"é in

periodt faces the following optimality condition:

o Kk P,
Yi=o(67) E: {Qt.t+k t+k|t(1 Tt+k) [ -1+ 'UP)MCt+k ]} =0, (16)
t—1
oj \
where Yt+k| = <:j > Y% for j=B,seS, k=0,1,2,...,, E$> 0 is the optimal net

(1 cw) t+k

A j

price- markupMCHk =
beie(1= L) Pl

is the real marginal cost of firms reoptimizingcprin

1 .
J

.\ P
- _ k t k C,t - . . -
periodt, Q¢ ryx = f (C—E) P].—k is the stochastic discount factor for nominal @gésjo
ct+

r{+k is a revenue tax ar‘gq('v is an employment subsidy. This employment sub&dinanced
by lump-sum taxes and is designed to remove moistigodnd tax rate distortions, ensuring

.the efficiency of the steady-state output le¥el.

vi
represents the output in peripd for a firm that last reset its price in peribd;.ﬁ is
t+k

0j
Yiin,

the amount of labor employed, a}')§ﬂ+k represents countiis aggregate demand in peritick.

10



Taking into account the optimal condition for lalsupply (9a), the production function and

1

, N (1= VP (14 NV e

demand constraintsi(c;’ = M/ (PL]]) , Where MC/ = @ cw).Pc(,;E;ruw,t)'(Ct.) 2 (v )X is
P (al) " (1-<l)P]

the average/aggregate real marginal cost in coyntgnsidering an index analogous to the one

used in the definition of aggregate domestic priees thaﬁgflt = Ytj in equilibrium?

2.3 Private Sector Equilibrium

2.3.1 Goods Market Clearing Conditions

Aggregating over all varietiels in equations (14) and (15) and taking into accdhbat in

equilibrium ij”t = Ytj, j=B,seS, a first-order log-linear approximation around thymmetric

steady state yields a similar condition for eadlntryj (using the definitions oft! and tt?):

9 =1 - )&l + (1 - )0(p; —p)) + 94l & (17a)
% = A -)e; + A —)lo(—a) + @) (p; — p!) + 0dl., (17b)

where @ = aly — (1 — a)(—y + 0)].
Country j's output is positively related to private and pubtiecnsumption and inversely

related to domestic prices relative to urscaverage prices. The symbol " is used to denote

the log deviation of a variable from its steadytestaalue, e.g.yt] = J’t] —y/, and g = %
denotes the steady-state government spending dhggeegating (17b) over all countries, we

obtain the union-wide goods market clearing cooditp; = (1 — )& + @gi.2

2.3.2 Aggregate Price Dynamics

Given the assumption about fiswyprice-setting decisions and the evolution of thgragate
domestic price index, a New Keynesian relationgigpnveen inflation and real marginal cost
aggregate over all goods can be obtained:

. . i : 1-6/B)(1-6/
n] = BE{n], .} + ¢/mc], j=B,s€S, where:¢) = (-0’p)(a-¢)) ei(ﬂ(ex) ) {18

¢ Following Leith & Wren-Lewis (2013)/, eliminates linear terms in the welfare functiortheut losing
the possibility of using the revenue tax as fisesafrument.
7 Like aggregate demand, aggregate output of coyntry,j = B,s € S, is normalized by population
size.

N s n ~s

® Notice thaty; = [ yids + (1 —n)yf; & = f(? ¢lds + (1 —n)ef; gi = [, gids + (1 —n)g?.

11



In the zero-inflation steady state, the real maxoost faced by countfis firms is constant,

and accordingly to the optimality condition (18)¢/ = —L__ After some manipulations:

(1+mp)

—J_ 1 N cani N 0 N
el = fone + (Goprimamarer + 1) % —1o9(1 = 7)) ~ ~Gptara 9

1 _ 1 ax 1 _ 1 o j
(a<1—<p) (1—<p)[a<1—a)+¢]) e — ¢ (a<1—<p) (1—<p)[a(1—a)+¢]) g - A+ e (19)

where log(1—1)) = log(1—1]) - log(1—1/), and &/ =al, j=B,seS. Following
Clarida, Gali and Gertler (2002), the "cost-pushcgh obeys to a stationary AR(1) process:

¢jﬁ\{v,t = p#(d)jﬁ\iv,t—l) + &t

2.4 Policy Instruments and Budget Constraints

The monetary policy instrument is the nominal iegtrrater; (= logR;), which is set for
the whole union by the common central bank. Asfigral policy, we assume that national
governments choose the mix between government sggnevenue taxation and one-period
nominal risk-free debt. Government spending andréwenue tax rate are the fiscal policy
stabilization instruments, encompassing demandsappgly-side effects.

Since it is assumed that lump-sum taxation is wseadusively to finance the steady state

employment subsidy, the national government of tgupFB,seS, faces the following flow

government budget constrainﬂé't = R;‘_lD;’t_1

— P (]Y/ — G]),vt, j=B,seS, whereD],
represents the end of periper capita issues in nominal terms of counjtyrisk-free bonds.

Defining d"t = ;f‘”, which denotes the real value of counity debt (expressed in

g J
ct

consumer prices) at maturity iper capita terms, and taking a first-order log-linear

approximation to the symmetric steady state, we get

09 (d5) = 7 + {08 (d5.-0) = + 2 [oa! ~ 09/~ ogleD)] + e -

g

ply) — (=) alvi — ! )}, (20)

j=B,seS,\vt, whereR* = % dé, t/, Y/ and G/ = @Y/ are the steady-state values for the
. . o ~ s a
corresponding variables. In what follows, we coasidariableb’ = log (d;’t) X <Y—f> when

referring to country's debt, denoting the absolute change in debt ingméage of the steady-

state output, as in Kirsanova and Wren-Lewis (2012)

12



In order to solve for the optimal policies, mongtand fiscal authorities have to take into
account both the private sector behavior, obtafra@d optimization of (1), (2) and (16), as well
as the budget constraints described above. Thesditioms can be written in gap form,

presented in Appendix A.

2.5 Policy Objectives

Since the social planner ignores nominal inertid distortionary taxation in describing
optimal allocations, the solution to the socialnpler problem can be used as a benchmark for
optimal policy. Moreover, the solution to the sbg&anners problem allows us to obtain the
complete solution for the efficieerguilibrium (see Appendix A).

Under a full cooperation context, benevolent attiesr seek to maximize welfare for the
currency union as a whole - the discounted surh@iitility flows of the households, given the
set of equations describing the dynamic structdréhe economies. Following Woodford
(2003), we compute the second-order approximatibrthe welfare objective around a

deterministic steady state, obtaining the followimgon-level loss with variables in gaps:

L' = Eg{320 Bt L} with Ly = [) Lids + (1 — n) LE, where: (21)
_(7-[ )2 )
+(1 - ¢) [— + (1 - p)x ()
L5 = (%)< +<p( +<px) (gd)? | vses,

+(1 = @)ya(a —2) + 2@ + (1 — )P x](tE7)?
+29(1 — @) x¢igi
+(1 - @)[2a + 2(1 — p)Dyleftt?

\ +20(1 — @)Dy gitii y
( _(”t )2
+(1- ) [— + (1 - o)
1B = (l) ) +o (1P + (PX) (gt )2 [
N1 - p)yala - 2) + 20 + (1 — @) D2y (nEEE)? [

+20(1 — @) xcE gt
+(1 - @)[2a + 2(1 — p)Py]ef (nttf)
+2¢(1 — )Py g (nttf) J

_ (1-058)(1-65) (1-658)(1-6p), o
¢S = 95(1+6){) ’ ¢B - 0g(1+ex) CD [ (1 a)( Y + 0-)]'

° For a generic variablk,, its gap is defined a& = %, — x,, wherex, andx, denote, respectively, their
effective and efficient values in log-deviationerfr the efficient steady-state.




As expected, welfare losses associated to inflarenlarger for a higher degree of nominal
rigidity (87) and increase with the elasticity of substitutimween goods produced in the same
country and with the inverse of the labor suppbsttity (). Private and public consumption
gaps imply welfare losses in line with the housdkaisk aversions (& and 1y, respectively)
and with the inverse of the labor supply elasticliigere are costs associated to misallocation of
goods at the monetary union level, captured byt¢hes-of-trade gaps. These costs increase
with the trade elasticityy) and withy; while decreases witt, with the degree of home bias (1-
a), and, in the particular case of the large econatagreases with its dimension.There are also
cross-terms between public and private consumgrah between these and the terms-of-trade
that represent additional welfare costs (see Beetsrd Jensen, 2005, for arguments).

In what follows, we assume that all policymakersrsehthe same per-period social loss
function L; under cooperation. Alternatively, under non-coagien, we assume that national
fiscal authorities are exclusively concerned whhbit own citizens and, hence, their objective
functions only include their national counterpar¥e approximate the national welfare
counterparts through welfare losses obtained frgitting the union-wide loss function.
Following Leith and Wren-Lewis (2011), we set theeblr terms contained in the country-
specific loss functions to zero. These linear tecaygure the desire of national governments to
manipulate their terms-of-trade to obtain additlonational gains, but this manipulation is
ineffective if all countries proceed in the samennex.

Accordingly, for benevolent cooperative poligkars: L{entratbank — L’;Lg country _

pmatteountrys — 1+ yses. As for benevolent non-cooperative policymakefg»tra! bank —

. th;ig country _ 1B ong L.zmall countrys _ s yees.

2.6 Policy Games

As a benchmark, we assume that policymakers arevbent and cooperate under
discretion. The conflict of policy objectives allswfor strategic interactions between
policymakers and different equilibriums, dependimgthe timing structure of the policy games.

We consider both simultaneous-move (Nash) and tshie(monetary and fiscal leadership)
equilibria. In these different setups, the timinigtiee events is as followsf( figure 1): 1)
private sector forms expectations; 2) the shock&sealized; 3) depends on the policy scenario:
under Nash, the central bank sets the interestamadefiscal authorities define fiscal policy
instruments simultaneously; under monetary leadigrshe central bank sets the interest rate
before fiscal authorities choose the right amodrfiscal instruments (fiscal authorities play a
Nash between them), while the reverse occurs ufisigal leadership; 4) finally, the private

sector reactsTo solve for these dynamic policy games we foltber methodology developed in
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the seminal work of Sdderlind (1999) and in the kwvof Kirsanova and co-authors (Blake and
Kirsanova, 2011, and Kirsanova et al., 2005)

L‘* L8 LS forcountrysi |*
- N
'B, small countries, cB' B, small countries, CB

state private sector state™ l private sector
l i time l i time

4o 4o 4 > 4a 4n 4. >
t t+1 t t+1
I: Full Cooperation II: Simultaneous move (Nash)
* L*
cB ‘l_: L® for country si flji L® for country s [ELB_\
B, small countr/es . B, small countries .
state private sector state private sector
i time i time
4o 4 4 4 4 4. 4n
t+1 t t+1
Il: Monetary Leadership IV: Fiscal Leadership

Figure 1: Policy regimes and intra-period timing of moves

2.7 Baseline Calibration

Relative to the union’s structure, we assume tlmaintty B and blockS have identical
dimension (=0.5). The model is calibrated at a quarterly fiegrpy: the intertemporal discount
factor is set$=0.99, which implies a 4% annual basis steady-stat¥est rate. We choose
a=0.4, which implies a 40% share of domestic condigngllocated to imported goods for the
small countries, but for the large economy thisugak only of 20%. We assunge= ¢ =0.4,
which implies a coefficient of risk aversion foliyate and public consumption equal to 2.5, as
in Beetsma and Jensen (2005). The inverse of ther laupply elasticityy, is equal to 3,
following Kirsanova and Wren-Lewis (2012). The dilgisy of substitution between goods
produced in the same countey,is equal to 11, implying a price mark-up of 1086llowing
Ferrero (2009), we set the elasticity of substitutbetween domestic and foreign goodgo
4.5. The steady-state share of public consumptiarutputp, is 0.25, a value commonly used
in the literature. We consider thé} = 6; =0.75, in order to get an average length of price
contracts equal to one year. As to the steady-stglbeto-output ratio, we adress a low- and a
high-debt scenario (15% and 60%, respectively)alkinwe assume that technology and cost-
push shocks are independent. Technology shockewfolin AR(1) process with common
persistence of 0.85 (for instance, Ferrero, 2009sidersp,=0.815), while cost-push shocks
are assumed to be non-persistent=0). Following Chadha and Nolan (2007), we assumee t
same standard deviation for technology and codt-ghscks, wich is common in the literature,

and set it to 1%.
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3 Optimal Stabilization Policies

This section analyses optimal discretionary polioynon-symmetric technology shocks
which, by their persistence and related trade-affsgal to be welfare-dominating. As a
benchmark, we consider the full cooperation sefilien, we analyse non-cooperative scenarios,
where conflicting policy objectives generate sigateinteractions between policymakers and
different equilibria for different time-structure the policy. Using union-wide and national
losses as metrics, we assess welfare stabilizabets across different debt levels and policy

regimes. Finally, we conduct a robustness analgsselected model parameters.

3.1 Cooperation

Time-consistent requirement under lack of commitmeetermines that, under optimal
discretionary policies, permanent effects of shoaks fully eliminated and all variables,
including debt, return to their efficient steadwtst levels (see Leith and Wren-Lewis, 2013).
The policy-mix that allows debt-stabilization ame tspeed of this adjustment depend on steady-
state government debt.

The effectiveness of monetary policy in promotirapstabilization increases with debt-to-
output ratios, because of the higher first-ordéeat$ of interest and inflation rates on debt.
Conversely, as steady-state public debt increfiseal policy instruments — particularly, the tax
rate — become relatively less effective to pronabt-stabilization, while they become more
apt in offsetting inflationary consequences. (eith and Wren-Lewis, 2013}. Following a
shock thay boosts debt and inflation, the conveationonetary and fiscal policy assignments
apply if debt levels are low enough (debt-to-out@iio < 28%): the interest rate gap increases
on impact to control for inflation (“active” moneyapolicy) and government spending gaps
diminish while the tax rate gaps increase to gibildebt. However, for large enough
government debts (debt-to-output ratto 28%), monetary policy moves towards debt-
stabilization and the interest rate gap decreasé@spact (“passive” monetary polic{jIn turn,
fiscal policy becomes relatively less effective promoting debt-adjustment and eventually

moves towards an inflation-stabilization assignmetareafter, “low-debt” (debt-to-output ratio

10 Under discretion and foe.g., a steady-state debt-to-output ratio of 60%, Etlion costs (union’s

per capita welfare losses) of asymmetric cost-push shockssemt only 0.11% of those of asymmetric
technology shocks under discretion; if we assuneeséime persistency for cost-push shocks as that of
technology shocks .., p, = 0.85), this value rises 7.68%. This large differencéeinms of stabilization
costs is mainly due to the fact that cost-push lsha@use smaller policy trade-offs than technology
shocks when the tax rate is an available polictrumsent for stabilization purposes.

11 Higher steady-state debt levels lead to highexdstestate tax rates and, therefore, the impadiefax

rate on inflation further increases.

12 We follow Leeper's (1991) categorization: a polisy‘passive” when it promotes debt-stabilization;
when policy instruments promote short-run stabilimainstead, policy is said to be “active”.

16



< 28%) refers to an environment where conventiguudicy assignments apply, while in the
“high-debt” scenario (debt-to-output ratd28%), monetary policy promotes debt-stabilization.

In our setup, a non-symmetric technology shock geas policy trade-offs because of its
budgetary consequences and the existence of nomgidities. In what follows, we first
examine its impact on the efficient equilibrium,assess the different budgetary consequences
it produces domestically and abroad. Because akshiittng a big country has different

consequences than one hitting a small country,naéige a separate analysis for each case.

3.1.1 Technology shock at the Big Country

A negative technology shock at the big country Bjrixreasing the work effort to produce
unit output, leads to a decrease on impact of thieient levels of domestic output and, to a
lesser extent, of the utility-enhanced governmeeinding. The terms-of-trade also fall, since
the domestically-produced goods (B-goods) becomee ragpensive relative to foreign goods
(S-goods). As domestic and foreign goods are gutesiin the utility function, the reduction in
the terms-of-trade increases output in the smallntees!® Therefore, targeting efficient
outcomes produces opposite budgetary consequeraresstically and abroad: a primary
government budget deficit at B, where output andréwvenues decrease, and a surplus at the
small countries, where the reverse occurs. More@®the efficient interest rate increases on
impact to ensure a lower efficient level of unioid private consumption, debt service costs
raise. This further enlarges the B’s deficit whilemitigates S’s surplus. As a result, with
positive steady-state debt levels, overall budgetansequences are higher for country B than
for the small countries and, thus, union-wide debteases on impact. Moreover, higher steady-
state debt levels require higher steady-stateates which amplify the changes in the tax base.
Hence, due to larger interest payments and togefadecrease in tax revenues, the budgetary
consequences of the shock increase with B’s stetadg-debt. For a small country, this only
occurs for high enough debt levélg,, when debt-service costs surpass primary budgphusu

Nominal rigidities preclude that the terms-of-trddlt as much as their efficient level. This
leads to a positive terms-of-trade gap that inigffity shifts demand from S-goods to B-goods,
causing a positive output gap and reinforcing tidlkain country B while the opposite occurs in
the small countries.

As the shock causes a primary budget deficit im8 a surplus in the small countries, the
reaction of the fiscal policy in the first periodquires a positive tax rate gap and a negative

government spending gap at country B, while theemsy occurs at the small countries (see

13 Domestic and foreign goods are substitutes (comgihés) in the utility function when trade elasticit
is larger (smaller) than intertemporal elasticifysobstitution.
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Figure 2, which plots impulse responses of selewtgthbles across different debt-to-output

ratios). The higher distortionary tax rate gapaitrary B fuels firms’ marginal costs and further

increases inflation. The reverse occurs for a somalhtry.

debt ratio = 0%
"""" debt ratio = 15%)

Interest rate gap C10° Inflation Union | —— debi ratio = 60%
b 5\
: P ——
T2 s 4 s s 1 8 9 1 T s 4 s & 1 8 9 1w
Inflation Big «10° Inflation Small

N
@
IS
o
o
~
ol
©
5
.
~
w
I
o
£
<
©
©
5

1 2 3 4 5 6 7 8 9 10

tax rate gap Big

tax rate gap Small

L L L L L L L L 2 L L L L L L L L

2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

Kdebt Big

Figure 2: Responses to a 1% negative technology shock aBitheountry under optimal cooperative

discretionary policy (debt-to-output ratios: 0% %and 60%)

The initial debt level is critical for monetary afiscal policy responses:

In a low-debt monetary union (and except for the zero-debt calsere symmetric

primary and total budget effects require symmefigcal policies), the reaction of the
fiscal policy in the Big country dominates. To lesghe subsequent union-wide inflation,
the interest rate gap increases in the first pevibich further enlarges B’s budgetary

deficit while it mitigates S’s surplus. Moreoves steady-state debt level increases, the
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Per Capita Welfare Losses

Figure 3: Union-wide and country-specifiper capita welfare losses across debt levels, under

extent to which this shock affects national debitsher amplifies this asymmetry and,
thus, country B’s fiscal policy becomes progredgiveore debt-adjusting while the
reverse occurs in the small countries. Therefoedfane stabilization costs increase in B
while they decrease in the small countries. Thendsrdominates the latter and welfare
deteriorates for the union as a whole, as the gtstade of debt increases. This is shown
in Figure 3 that depicts, for different debt levelse welfare stabilization losses for the
big and a representative small country,(lLs) and for the union () following a

technology shock at B.
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cooperative discretionary policy responses to hrtelogy shock at thBig country

In a high-debt monetary union, monetary policy moves towards -dédiilization and
the interest rate gap decreases, on impact, toceethe union-wide debt levEl.The
higher the steady-state of the debt, the greateuttion-wide fiscal consequences of the
shock and the larger becomes the effectivenessooktary policy for debt-stabilization.
Therefore, as government indebtedness increasestamyg policy becomes progressively
more debt-adjusting, mitigating the budgetary cqnsaces of the shock at country B
while aggravating those at a small country. As msequence, for a sufficiently high debt

level, fiscal policy becomes progressively lesstdatjpusting and welfare improves in
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country B; the opposite occurs in a small countilye net effect is, for the union as a

whole, a monotonically increase in welfare stahtian costs as debt rised. (Figure 3).

3.1.2 Technology shock at a Small Country

A shock at a very small country (zero-dimension$ Im@ external effects, bringing only
domestic implications. Thus there is ho monetaficp@djustment nor a fiscal policy reaction
from any other country. A negative technology shajuires the same qualitative fiscal policy
from the small home country: the government spandjap decreases and the tax rate gap

increases, on impact, to make debt returning timitial (efficient) level €f. Figure 4).
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Figure 4: Responses to a 1% negative technology shocksatadl country under optimal cooperative
discretionary policy (debt-to-output ratios: 0%%d%and 60%)

Fiscal policy becomes more debt-adjusting as thitealirdebt level increases, because the
budgetary consequences of the shock enlarge andl figlicy instruments become less
effective on controlling debt. Therefore, welfatakilization costs monotonically increase with
the level of the steady-state detft Figure 5).

In sum, at the union level, welfare stabilizatiasts increase with the level of government
indebtedness, as the aggregate budgetary consegueithe technology shocks also increase.
Therefore, the potential efficiency stabilizaticairgs, resulting from the higher effectiveness of
monetary policy on debt-stabilization and of fispalicy on short-run stabilization in higher-
debt environments, are not sufficiently large termeme the costs of stabilizing the larger
budgetary consequences of shocks.

14 This reduction on debt allows for monetary poltoyraise the interest rate gap in the second period
which, by lowering inflation expectations, contries to contain current union-wide inflation.




As for the perspective of the big and the smallntees in a monetary union, there are
meaningful differences on the level and evolutiathwiebt of their welfare stabilization costs.
In line with the findings of Canzonee al. (2005) or Machado and Ribeiro (2010), a small
country always faces higher welfare stabilizatiosts than a big one, in face of non-correlated
shockst® Furthermore, for realistic one-period debt levels|fare improves at small countries
while it worsens at the big country, when the legélgovernment indebtedness increases,
uniformly, in a monetary uniol. The reverse occurs, but only for sufficiently higebt

levels?”
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Figure 5: Small country welfare loss across debt, under cooperatiscretionary policy response to a
domestic technology shock

3.2 Non-Cooperation

Here, the benevolent monetary authority still seéeksiaximize the union-wide welfare but,
differently from cooperation, national fiscal autiies are exclusively concerned with their
national counterparts. Since shocks occurring @tlya small country produce no external
effects and no reaction from the central bank,eth@mre no significant differences between
alternative policy regimes. Hence, hereafter waugoon technology shocks hitting solely the

big country.

151n a setting close to Canzonetial. (2005), Mykhaylova (2011) found, in a monetaryamcalibrated

to the EMU, that welfare costs are virtually thensafor small and large union-member countries, tdue
highly correlated technological processes and togdmness.

16 Notice that in our model, all government debt Aame-period maturity, lending monetary policy high
leverage over debt service. A given one-period ¢l of our setup should correspond to a higledat d
level in a more realistic structure of debt.

17 These results are in accordance with those of Bdehand Ribeiro (2011) for the case of an
asymmetric two-country monetary union.

21



3.2.1 Simultaneous-move (Nash)

In a non-cooperative setup, policy outcomes carerder from those under cooperation
because fiscal authorities do not internalize tlosssborder effects of their policies. Relative to
cooperation, nationally-oriented fiscal policiescemore (less) intensively to a shock when
they cause negative (positive) externalities. Nalyr the magnitude of these deviations is
expected to be different for small and large cdastrsince policy externalities are of different
size. Since externalities caused by a small counitly zero-dimension are negligible, it is not
expectable its fiscal policy reaction to be meahityg different from that under cooperatiéh.
Conversely, since externalities caused by the Ifipodicy of a big country are large, it is
expectable non-internalization to make fiscal potieacting differently to shocks.

Consider the case of a negative technology shodowttry B that, by causing a primary
budget deficit domestically, requires a positive tate gap and a negative government spending
gap to promote debt stabilization

The first-period tax rate response further increasdlation at country B, which, by
mitigating the positive terms-of-trade gap, helpsclose the small countries’ negative output
gaps. This positive externality coexists with aateg one, since it also enlarges the positive
budgetary consequences of the shock at the smahtres. The reverse occurs for the
government spending response: the first-period thegagovernment spending gap further
enlarges the negative output gaps in small countnhbile it simultaneously attenuates the
budgetary consequences of the shock at the smafitees. In what follows, we denote the
former as “standard” externality, and the latefdebt-related” externality.

The initial debt level is critical for the exteritgl that dominates, and determines how

country’s B fiscal policy response under non-coapien diverges from cooperation.

* In low-debt monetary union, where budgetary consequenceseaee dignificant, the
“standard” externality prevails. Therefore, relatito cooperation, a negative technology
shock at country B requires a smaller tax rateajapa larger government spending gap,
in the first period, as the two policy instrumentsise opposite externalities. Compared
with cooperation, this allows for a lower inflatiat B and, thus, for a higher terms-of-
trade gap that reinforces the negative output daihea small countries. Since output
increases by less in the small countries, primagget surplus also increase by less and,
therefore, fiscal policy becomes relatively lesbtesjusting in these countries. In turn,

since lower inflation in country B transmits to leminflation at the union level, monetary

18 The country-specific loss is the national courdetrmf the union-wide loss and, thus, there is no
difference between policy objectives beyond thahaff including the remainder counterparts, see. e. g
Leith and Wren-Lewis (2011).
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policy becomes less “active” than under cooperatifmom inspection of Figure 6, it is
apparent that, except for the private and publinsamption, all the other welfare-
relevant variables in B display shorter volatiliimder Nash compared to cooperation.
The per capita welfare losses of this shock, reported in Tableslow the welfare-
superiority of Nash for all countries, under lowstleThis finding confirms that policy

cooperation can be counterproductive in the presehpre-existing distortions.
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Figure 6: Responses to a 1% negative technology shock aitheountry — cooperation (Coop) versus
non-cooperation (Nashlpw debt-to-output ratio = 15%

19 The argument follows from the key contribution Régdf (1985), according to which cooperation
among a subset of players (all policymakers) ctesd to adverse reactions of the outsideig,(private
sectors) that all players would be bettéf lmy not cooperating. Non-cooperation may allevitee-
consistency problems. See Beetstnal. (2001) for a review on the desirability of policgordination.
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Figure 7: Responses to a 1% negative technology shock aitheountry — cooperation (Coop) versus

non-cooperation (Nash): high debt-to-output rati@f46

In a high-debt monetary union, where the budgetary consequeneesoasiderable, the
“debt-related” externality dominates. Thereforelatige to cooperation, a negative
technology shock at country B requires, domesticall larger (smaller) tax rate gap
(government spending gap) in the first period,leesdominant “debt-related” externality
is negative (positive). Compared with cooperatibig allows for a higher inflation at B,
thus a lower terms-of-trade gap, increasing theashehfor small countries’ goods and
enlarging their primary budget surpluses. As altefiscal policy in a small country is
required to be more debt-adjusting under Nashhétaggregate level, fiscal policy turns

to be less debt-adjusting than in cooperation #ng, the central bank closes the interest
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rate gap by more, in the first period, to ensuee gtabilization of aggregate debt. This
allows the central bank to raise the interest bgtenore in the second period, without an
adverse effect on debt and helping to lower couBtsy inflation. Figure 7 illustrates

these differences in a high-debt scenario (delottput ratio of 60%). It shows that the
small countries’ welfare-relevant variables displdygher volatility under the

simultaneous-move regime than under cooperatioereftre, for the small countries
cooperation is welfare-superior to Nash, in a ldght monetary union, as it is shown in
Table 1. This result also holds for the union aghale, despite the lower welfare costs

achieved by the big country B under the non-codperaegime.

3.2.2 Leadership

Consider now the possibility of a policy authoritybe a first mover. In what follows, the
analysis under (fiscal or monetary) leadership tegative technology shock at country B will
take as reference the policy reaction under thelsimeous-move regime (Nash). Thus we will

now focus on the differences arising from explgtafirst-moving advantage.

3.2.2.1Fiscal Leadership (FL)
Only the fiscal authority of the big country maycéaincentives to explore a first-moving

advantage towards the monetary authority, giverzéine-dimension of a small country.

e Compared to the simultaneous-move regime, lomadebt monetary union, the leading
big country’s fiscal authority chooses to be rekif more debt-adjusting (especially
through the costless fiscal instrument — the tag)f%a relying on the monetary policy to
control for excessive inflation at the union-widaél. Thus, at country B and relative to
Nash, the tax rate gap increases by more, gengraityner domestic (and union-wide)
inflation that is further enlarged by a smaller @ase in the public consumption gap.
This results in a lower terms-of-trade gap that d®odemand towards the small
countries’ goods, improving primary budget surplG®nversely, a higher union-wide
inflation induces a higher interest rate gap, whiatigates small countries’ budgetary
surplus. For sufficiently low debt levels, the ¢ateffect is less effective than the former
and, thus, fiscal policy in a small country is riegd to be more debt-adjusting under FL
relative to Nash. The fiscal policy-mix that emeygst the aggregate level — higher
positive tax rate gap and lower negative governnspending gap — aggravates union-

wide inflation and requires monetary authority & & higher interest rate gap in the first-

20 As Leith and Wren-Lewis (2013) have shown, thes@ffreness of the tax rate in promoting debt-
stabilization is higher for lower levels of pubtiebt.
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period €f. Figure 8 and Figure 6, which plot impulse resgsnsnder FL and under Nash,
repectively). Welfare stabilization costs reveab&higher under FL than under Nash for

all countries, under the selected low-debt scer(age Table 1).
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Figure 8: Responses to a 1% negative technology shock aBitheountry: fiscal leadership (FL) and

monetary leadership (ML) relative to Nash (low debbutput ratio = 15%)

In ahigh-debt monetary union, in contrast to the low-debt cse Jeading big country’s

fiscal authority, by relying on a more debt-adjugtimonetary policy, turns to be
relatively less debt-adjusting compared to the Haneous-move regime. Therefore, at
country B, and relative to Nash, both fiscal poliogtruments move by less, globally
contributing to reduce domestic inflation and tdaege the positive terms-of-trade gap.

Budgetary surplus at a small country is expectdukttarger, because the interest rate gap
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is expected to decrease by more, dominating th@ediady consequences of a higher

positive terms-of-trade gap. Hence, fiscal policysmall countries is required to be more

debt-adjusting under FL relative to Nash. It isaclefrom inspection of Figure 9 and

Figure 7, that country B'’s inflation displays loweslatility than under Nash, while the

reverse occurs in a small country. Under the higbtdcenario reported in Table 1, FL

delivers the best stabilization outcome for the cgintry B and the worst for a small

country. Union-wide, FL is slightly superior to teenultaneous-move regime.
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Figure 9: Responses to a 1% negative technology shock aBitheountry: fiscal leadership (FL) and
monetary leadership (ML) relative to Nash (hightel®boutput ratio = 60%)
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3.2.2.2Monetary Leadership (ML)
Under monetary leadership, the common central bsrgware of the big country’s fiscal

authority incentives to deviate from cooperatiors deviation from cooperation may either

hamper or improve the welfare of the union, monetaolicy is set accordingly, maximizing

union’s welfare.

In a low-debt monetary union, the leading monetary authorityicgpdtes that the
incentives faced by the fiscal authority of courryunder non-cooperation will result in
a union-wide welfare-superior equilibrium. Hendee tinterest rate gap rises even less
than in Nash and, thus by lowering debt-servicesgas further enlarges the budget
surplus of the small countries while it mitigatdse tgovernment deficit in B. As a
consequence, relative to the simultaneous-movemesgithe fiscal policy in small
countries (country B) has to be more (less) dehisticig under the monetary leadership
regime €f. Figure 8, blue lines). Figures 6 and 8 show timageneral, country-specific
variables of country B display lower volatility ved ML than under Nash, while the
reverse occurs for a small country. So, relativeNash, ML reveals to be welfare-
improving for the big country B and welfare-detesiting for small countriesc{, Table

1). For the union as a whole, ML is the welfareesugr regime in a low-debt scenario.

Table 1. Per capita welfare losses under cooperation and non-cooperatiasymmetric technology

shock at théBig country

Debt-to-Output Ratio

Cooperation 1.7421 2.1939
_ Nash 1.7032 1.8826
Big Country Loss (k) : :
Fiscal Leadership 1.7068 1.7086
Monetary Leadershiy 1.6287 2.2202
Cooperation 1.5525 1.2836
Nash 1.5290 2.2403
Small Country Loss (¢) : :
Fiscal Leadership 1.6276 2.3987
Monetary Leadership 1.5850 1.6460
Cooperation 1.6473 1.7388
_ _ Nash 1.6161 2.0615
Union-wide Loss (L) : :
Fiscal Leadership 1.6672 2.0537
Monetary Leadershiy 1.6069 1.9331

Note: grey (blue) cells show the best (worst) riefeuleach “country-debt” combination.
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* In a high-debt monetary union, the monetary authority, anticipgtihat the incentives
faced by the fiscal authority of country B undensmoperation are welfare-decreasing
for the union, chooses to reduce by more the isteede gap in the first period, in order
to induce the big country’s fiscal authority to belatively less debt-adjusting. This
monetary policy reaction mitigates country B’s betdgleficit while it enlarges small
countries’ surplus, inducing fiscal authority ofundry B (small country) to implement a
relatively less (more) debt-adjusting policy-mixden ML (cf. Figure 9, blue lines). The
resulting equilibrium ends up by delivering, relatito Nash, higher volatility in country
B while the reverse occurs in a small courtrin the high-debt case, small countries and
the union as a whole experience welfare stabibmatjains from having a leading

monetary authority under non-cooperatioh Table 1).

3.3 Welfare Stabilization Costs across Different Debt Ekvels and Policy
Regimes
Here, we extend the debt range and consider ddhtdogy shocks, to appraise how welfare
stabilization costs for the union and for the dif&-size country members evolve across debt
levels. This analysis is meaningful within the attof the Euro Area, where formal limits to
debt are set homogeneously on a supranational Wasisonjecture, from previous results, that
the institutional environment of both monetary distal policy in the EMU is not welfare

neutral for defining limits on public debt.

3.3.1 Union-wide Welfare Losses

Figure 10 plots union-wide welfare losses for agenf debt-to-output levels for which the
system converges to a unique solution under altypakgimes. From its inspection we can
conclude that, in general, higher government inelltidss hampers business cycle stabilization.
Moreover, there seems to be clear stabilizatiomgg&iom promoting policy cooperation in a
high-debt monetary union, while this could be ceumtoductive in a low-debt monetary union.

Non-cooperation may alleviate time-consistency |enols of optimal discretionary policies
and allow for a better stabilization performancantlcooperation, when monetary policy is
attached to an inflation-stabilization assignmeribiv-debt environments. Overall, fiscal policy
is less debt-adjusting under non-cooperation arigl éifieviates union inflation pressures,
requiring a less “active” monetary policy.

Conversely, in high-debt environments, where magefsolicy is attached to a debt-

stabilization assignment, a less debt-adjustingafipolicy under non-cooperation requires a

2L For this result it is crucial the relatively high@wer) government spending gap at countryg (
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more “passive” monetary policy with negative consatpes for union’s welfare. Therefore,
cooperation is welfare superior relative to nongeration in a high-debt monetary union.
In turn, monetary leadership delivers a better iktation performance than fiscal

leadership, independently of the level of governinnetebtedness.
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Figure 10: Union-wide welfare loss (}) across different policy regimes and debt levalstéchnology
shocks)

3.3.2Big Country Welfare Losses

Domestic shocks are the only that cause stabzatosts for the big country B, as a shock
at a country with zero-dimension produces no exsleaifects.The dominance of domestic
shocks is crucial for the observed non-monotonlatieship between welfare stabilization
costs and debt across policy regimes, despite rtbieasing budgetary consequences of the
shocks with debtcf. Figures 11 and 3). This follows from the fact thahen debt becomes
high enough, the increased effectiveness of monetalicy in promoting debt-stabilization
may allow for domestic fiscal policy to be progigsely less debt-adjusting. When the gains of
alleviating domestic fiscal policy from time-cortgiscy problems are sufficiently large, welfare

stabilization costs decrease with the level of gonent indebtedness at country B.
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Figure 11: Big country welfare loss @) across different policy regimes and debt levalstéchnology
shocks)

As for the union as a whole, for sufficiently lowdat levels, non-cooperation dominates
cooperation and monetary leadership is the welaperior regime for the big country. Fiscal
leadership is preferable to Nash, only for very bt levels¢f. Figure 11).

Non-cooperation still dominates cooperation only $afficiently high-debt levels. If debt is
high enough, the positive “debt-related” exteryatiominates for government spending and
allows for a lower country B’s government spendyagp under non-cooperation. In contrast, for
intermediate-debt levels, the negative “standargtermality dominates and the negative
government spending gap is larger under non-cotiperthan cooperation, at country?BIn a

high-debt monetary union, FL dominates for thedmgntry €f. Figure 11).

3.3.3Small Country Welfare Losses

For a small country, only external shocks at adaeigntry matter for the differences between
cooperation and non-cooperation and for the nonatomic relationship observedetween
welfare losses and debtf.( Figure 12 and Figure 3). Domestic shocks, degpigér higher

stabilization costs, do not produce relevant extigres.

22 This is probably a consequence of how effectivetiewards debt-stabilization of the two fiscal pypli
instruments — government spending and tax rateargds with debt (see Leith and Wren-Lewis, 2013).
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Figure 12: Small country welfare loss @ across different policy regimes and debt levedd (
technology shocks)

For low-debt levels, as seen before, the budgetamgequences at small countries of shocks
at the big country diminish with the pre-shock dielvel. Therefore, welfare stabilization costs
decrease in small countries, as the steady-statdede| increases in a low-debt scenario.

However, in a high-debt scenario, the “passive” atary policy reaction to the shock
enlarges a small country’s primary budget surplnd, dor a high enough debt level, fiscal
policy becomes progressively more debt-adjusting. aAconsequence, welfare stabilization
costs increase with government indebtedness foradl sountry ¢f. Figure 12).

In general, a small country faces lower stabil@aitosts under cooperation than under non-
cooperation. Only for a small range of low debtelsy Nash is welfare-superior. Under non-
cooperation, small countries benefit from monetaadership in a high-debt monetary union.

Fiscal leadership is the welfare-inferior regimedavide range of debtsf( Figure 12).

3.4 Sensitivity Analysis
In this section, we check the robustness of ouult®go changes in selected model
parameters, in addition to debt-to-output ratiozediits welfare-dominance, we keep the focus

on non-symmetric technology shocks.
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3.4.1 Nominal Rigidity

A reduction on the degree of nominal rigidity imgas directly on welfare, because it
reduces the costs attached to inflation volatiliyt it also affects welfare indirectly by
changing the relative volatility of welfare-relatedriables. Furthermore, the degree of nominal
rigidity has non-negligible budgetary consequermed, as shown by Leith and Wren-Lewis
(2011, 2013), affects the absolute and relativeritaurtion of the different policy instruments to
debt stabilization. Therefore, welfare consequentésgher price flexibility are not clear-cut.

In fact, focusing on optimal cooperative discredignoutcomes across different debt levels
and a wide range for nominal rigidity, we find anArmonotonic relationship between welfare
stabilization costs and nominal rigidity (see Fey@l, Appendix B). However, simulations of
cooperative and non-cooperative outcomes for aerradtive calibration of the degree of
nominal rigidity @ = 2/3), does not change meaningfully the welfargkings between policy

regimes relative to the baseline calibratioin Figure B2, Appendix B).

3.4.2 Elasticity of Labor Supply

In baseline calibration, the inverse of the lablaisgcity is set toy = 3. We now assess
welfare implications for two alternative values forl.5 and 5 (as in Ercegjal., 2007).

It is expected that a lower elasticity of labor glyp(highery) results in higher stabilization
costs since fluctuations in work effort, arisingrfr misallocations caused by inflation, become
more costly. Moreover, this calls for a strongespanse of monetary policy to dampen
fluctuations in the work effort observed at the raggite level. A lower value of the elasticity of
labor supply reduces the cost of private consumgticctuation relative to inflation fluctuation
and, thus, it reduces the incentives for monetajcy to stabilize debt. Consequently, the
threshold debt levels for which monetary policydrees “passive” increase with smaller values
for the elasticity of labor supply (highgy. Thus cooperation becomes welfare superior te nhon
cooperation for higher debt levels as the elagtiitlabor supply decreases, but key qualitative

results are preserved (Figure B3, Appendix B).

3.4.3 Trade Elasticity

If the elasticity of substitution between domestitd foreign goodsy) is bigger (smaller)
than the intertemporal elasticity of substitutier, (goods are substitutes (complements). We
now examine the implications of the goods beingmiements, by setting= 0.2 (<o = 0.4).

Under complementarity, one should expect a negdédebnology shock at country B to

cause opposite budgetary consequences, both doalgstind abroad, from those observed
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under substitutability. Differences on policy reans do not change the qualitative results

obtained under baseline calibration of this paramit. Figure B4, Appendix B).

3.4.4 Alternative Size for the Big Country

Under the baseline calibration, the large econagpyasents 50% of the monetary union. We
will now consider two alternative dimensions fountry B: ns = 0.35 and ni= 0.65%

As the size of the large economy increases, tlgedaare the externalities produced to small
countries and also the larger is the impact onexgge variables to which monetary policy
reacts. Our experiments show that this rendersligtgbution of welfare costs across countries
even more asymmetric: the welfare stabilizationtca$ a small (big) country are higher and
increasing (lower and decreasing) with the sizecointry B, independently of the debt level (
Figure B5 and B6, Appendix B). Our results alsogagy that it may be harder to get the
approval of a very big country for a cooperativeanagement? Conversely, and for a wide
range of debt levels, cooperation is beneficialdimall countries and the union as a whole, the
larger the big country is. In general, the welfeaekings of the different policy regimes reveal

to be robust to the relative size of the big countr

4 Concluding Remarks

We fill a gap in the literature by proposing a mothat allows the analysis of fiscal and
monetary policy interactions between countriesegithith negligible or with meaningful impact
on the outcomes of a monetary union as well ahercounterparts’. Besides providing a more
adequate scenario in regards to mimicking hetermgessize EMU member countries, our
analysis provides further insights on how debtisgalin the sequence of the 2008-2009 crisis,
may shape policy interactions between national gowents and the ECB.
The size of the steady-state level of debt qualibeth (i) the budgetary consequences of the
shocks and (i) the effectiveness of the diffengolicy instruments towards debt-adjustment. In
a high-debt environment, the potential stabilizatgains for the union, resulting from the
higher effectiveness of monetary policy to stabildebt and of fiscal policy to promote short-
run stabilization, are not sufficiently large toessome the costs of stabilizing the larger
budgetary consequences of technology shocks. Acapritd our results, in general, higher

government indebtedness hampers union-wide busiyess stabilization.

23 In the Euro area, for instance, Germany’s GDPeasguts approximately 28.5% of the union’s GDP; in
turn, the three major economies (France, Germadyitaly) represent approximately 66.2% of the Euro
area’s GDP (Eurostat, 2013).

24 The threshold debt level for which cooperatiorivigb the worst solution for the big country is Ew
the larger the big country is (see Figure B6, AglbeiB).
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Shocks at larger economies are the most relevaassess how country-specific welfare
stabilization react in alternative scenarios fovegaoment debt. They are crucial for the uneven
distribution of stabilization costs between smaill ig countries across debt levels: welfare
costs decrease with debt for a small country acdease for the big country, in a low-debt
monetary union; the reverse occurs in a high-debtatary union. Thus, a higher level of debt,
as the one experienced in the EMU is more likelpaaalize the stabilization performance of
the small country-members than that of the large.

Strategic policy interactions, arising from diffatepolicy objectives set by nationally-
oriented fiscal authorities, also disclose différamlfare consequences for the large and the
small countries. In general, the non-internalizationder non-cooperative policy regimes, of
the externalities produced by the big country’'sdlgpolicy imposes higher stabilization costs to
the small countries. The large country can befiefin non-cooperation if debt levels are either
high or low enough, but not for intermediate randes the union as a whole there are clear
stabilization gains from promoting policy coopeoatiunder a high-debt scenario, though this
could be counterproductive in a low-debt monetanpmui.

The leadership structure has also critical stadtittm consequences. Fiscal leadership
imposes higher stabilization costs than monetaagideship, for the union as whole and for the
small countries. In turn, in high-debt environmerfse big country clearly prefers fiscal
leadership, where it can explore a larger stratgmiwer vis-a-vis a debt-accommodative
monetary authority, suggesting that it may be hardet political support for a cooperative

arrangement that enhances union-wide welfare statidn gains.
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Appendix A

A.1 Model Equations
In the following equations, a union-wide variabtg, is defined as;; = nx; + (1 — n)xZ,

.. . 1
wherex? is in turn defined asf = = [ x§ds.
nJ0

A.1.1 Equations of the Forward Looking Variables

= Euler Equation

Log-linearising equation (9b), aggregating oatcountries, and rewriting in gaps, yields
¢ = Ed6i1} — o(Ff — Ex{miq}), (A.1)
wherer; ;. = myyq, and assuming that the efficient union-wide inflatievel is zero.

= Phillip's Curves

n) = BE{nl, ) + ¢/ (m + X) i

Y S Y | (1 _ L 5
¢ (1—<p)[0(1—a)+¢]gt +¢ (0(1—<p) (1—<p)[o(1—a)+<l>])yt

—hJ 1 _ 1 ~% ¢j ~j
e (a(1—<p) (1—(p)[0(1—a)+¢]) get iyt (A-2)
¢s = —(1_953)(1_95),f0rj =5,VSES,
where: ¢/ = fsiren)
by = O0B00) oo g
B = Op(1+ey) ' J ’

®=aly-(1A-a)(-y+o0o)].

A.1.2 Equations of the Predetermined Variables

= Market Clearing

JEi=10—-@)Et+ (1 —@)o(1 — a) + ®Jitf + pgi, Vs €S, (A.3)
¥ =1 - pE + (1 - @)o(1l—a) + nftf + gf, (A.4)
where:® = aly — (1 —a)(-y + a)].

= International risk sharing condition
& =¢e8 + 01 — a)[ttf —nttB],vs €S, (A.5)

& = ¢t +o(1 - o)|its — ], vs,i €5, (A.6)

» Law of motion for the terms-of-trade gaps
Taking into consideration the relation betwekimestic prices and consumer prices, that
ttl = p; — pt, ieSandntt? = p; — pF, we obtain

(te5 + tt7) — (Et5_, + tt;_,) = m; — 7w, Vs €S, (A.7)




B
(T8 + &tf) — (Etb, + £l ) = —"f (A.8)
» Flow Budget Constraints

1 Ys ~ ~ . ~ 1 ~
log(dg ) =Ti + 7 109( 1) —mE = logi —o°V¢ — Til + atti_, — (E) attf}
= , 1(Ys = - - = 1 =
+r + i@ lpgi —t°y; — Ti] + att;_, — (H) attf},Vs €S. (A.9)

log( t) =7 % log@_l)—nt [(pgt — 1898 — 8] + anttE 1( ! )anttt}

+7 + LY 0GP — tBFE — 78] + anii® ( ! )ant=tB (A.10)
t ThlaB ‘Pgt Yt t t-1 Tor+ t( .

= Exogenous Processes
al = paa{_1 + stj,j =B,s €S, (A.11)

o', = pu(P'f), 1) + €,j =B,s €S, (A.12)

A.2 The Social Planner’s Problem and the EfficienEquilibrium

The social planner is concerned with real allimms, ignoring nominal inertia and
distortionary taxation. Thus, she or he simply desi how to allocate private and public
consumption and production of goods in each econwithyn the union, seeking to maximize
welfare for the currency union as a whOl™) - the discounted sum of the utility flows of the
households belonging to the union, subject to thgtent technology, the resources constraints
and all the constraints that arise from operating monetary union, e.g., the international risk
sharing condition. Notice that in the absence ahinal rigidities there is no price dispersion
and, hence, the social planner will chose to predemual quantities of the different goods in
each country. Consequently, all households worksdmae number of hours in each country.
Furthermore, the aggregation over all agents cammef the budget constraints and, thus, the
solution to the social planner's problem is notst@ined by them. The complete solution for
the efficient equilibrium is given by the followingxpressions, in deviations from the steady

state (the main steps in their derivation is atééaipon request):

= Private consumption

=j _ (-0a+po j
‘= 1+x{pY+(1-@)[y+(o-y)(1-2a+a?)]} ax (A.13)
a(1+x)a{1+x(eYP+(1-9)[y—(o-y)(1-a)])}
{1+x[op+(1-@)a}{1+x(pY+(1-@)[y+(o-y)(1-2a+a?)])}
=4 (A+xy)o *
= Tlpp+a-pyal 1t

a;,j=B,s €S8,
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= Public consumption

=j _ 1+0y j
9e = 1+x{eY+(1-@)[y+(o-y)(1-2a+a?)]} A (A.14)

A+0)yY(A-9)x(o-y)(2a-a?)

~ Tl A-p)oll it xet =@y o a—zaram]) o) = BS €S,
=y _ a+0y X
9t = Tixlpp+a-pal &
= Qutput
i —_ — — 2 .
5 = Arolep+a-@)ly+o-n(-2ata’)]} (A.15)

1+x{eY+1-@)[y+(o-y)(1-2a+a?)]} L

n (1+x)(1-@)(o—y)(2a—a?)
{1+xloyY+(1-@)oH1+x (@Y +(1-@)[y+(o-y)(1-2a+a?)])}
=x — (1+X)[<P1P+(1—<P)U] *
£ 1+xlep+-@)a] Tt

a;,j=B,s €S,

=1 -9) +9g;.

» Terms-of-trade
The efficient terms-of-trade levels follow frarcombination of the international risk sharing

condition with the efficient levels of private camsption:

= =j\ _ (1+x) J R
(P = P2) = e+ omazeren (% ~ %) (A.16)
j=B,s€S
tt; = (b; —pi),sE€S (A.17)
= 1,2 =
ttf =—(®; —be). (A)18

* |Interest rate
The efficient interest rate follows from thel&uequation, assuming that the efficient union-

wide inflation is zero:

=% __ (1+x) * %
e = 1+X{¢¢+(1_¢)J}Et(at+1 at)! (Alg)

where it is implicit that the steady state noahi(and real) interest raternis = p = —log(p).
» Revenue tax rate

Recall that it is assumed that each firm rezei@n employment subsidyqf; that removes
steady state distortions and is fully financed bgnp sum taxes. This employment subsidy
eliminates linear terms in the social welfare fimttwithout losing the possibility of using the
revenue tax{ as fiscal instrument. Additionally, we assume tihat efficient revenue tax rate
eliminates marginal cost deviations from its steatiyte level arising from pure cost-push
shocks. Thus,
t/=-(1-d)a,,.j=BsES, A.20)

wheret/ represents the revenue tax steady-state value.
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A.3 Steady State Equilibrium and the Employment Subidy
To compute the employment subsidy, notice thathe absence of price rigidities profit

maximization behavior (16) implies that real maggicost

1

Jj_
M = (1+nyp)’

j =B,s €8, that is, firms would choose a constant markupr akre nominal

marginal cost, Withupzi. From the definition of the real marginal cogtC/ =

—c J 1 .
%(;M(Cf)axo(wy,j =B,s €S, and from the optimality conditions of the social

1
planner problem we get that in the steady {6t ° = xo(Y/)*,j = B,s € S. Thus,MC/ =

1

(1-¢)) (144 i =
(i) =B/s €S. To ensure that in the steady state/ =
14

(-
subsidy in country is assumed to take the value

=107 4 D0 _poes (A.21)

(1+up)(1+u‘{v) 6(1+#\{v)

, the employment
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Appendix B

Per Capita Welfare Losses

Debt-to-output Ratio (%)

02 Price Stickiness

Figure B1: Union-wide welfare loss (I) under cooperative discretionary policy, acrosfedint debt
levels and different degrees of nominal rigiditl} fachnology shocks)
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Figure B2: Union-wide welfare loss () across different policy regimes and debt levetsisidering two
degrees of nominal rigidity (all technology shocks)
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Figure B3: Union-wide welfare loss (L) across different policy regimes and debt levigs alternative
elasticities of labor supply (all technology shocks
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Figure B4: Union-wide welfare loss () across different policy regimes and debt levigs alternative
elasticities of substitution between domestic amdifjn goods (all technology shocks)
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Figure B5: Welfare losses for thBig country (lg) across different policy regimes and debt levids,
alternative dimensions of countBy(all technology shocks)
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Figure B6: Welfare losses for amall country (Ls) across different policy regimes and debt levids,
alternative dimensions of countBy(all technology shocks)
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