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 A B S T R A C T

This paper develops a multi-country Heterogeneous-Agent New Keynesian (HANK) model of 
a monetary union with ex-ante heterogeneity in legacy public debt across member states. We 
calibrate the model to the euro area and show that, following symmetric aggregate shocks, 
the systematic monetary policy reaction induces heterogeneous national outcomes, driven by 
differences in fiscal space. This generates a trade-off between union-wide macroeconomic 
stabilization and cross-country synchronization of economic activity for the central bank. We 
characterize a possibility frontier between union-wide inflation stability and cross-country 
synchronization, which is traced out by varying the degree of the central bank’s hawkishness 
towards inflation. We study the role of deficit caps, fiscal and political unions, and augmented 
Taylor rules as instruments to navigate the stabilization–synchronization trade-off.

Fiscal and monetary policies must go hand in hand, and if there is to be an optimum policy mix, they should have the same domains. (Kenen, 1969)

1. Introduction

Following the pioneering work of Mundell (1961), McKinnon (1963), and Kenen (1969), the Optimum Currency Area (OCA) 
theory studies the complex cost–benefit calculus of forming and sustaining stable currency unions. The three pillars of an OCA are 
generally understood to be symmetry of responses and shocks, flexibility of labor markets, and integration of economic activity and 
policy. In this paper, we focus on one empirically salient aspect of asymmetry across member states of a monetary union—fiscal 
space, as proxied by public debt-to-GDP ratios—and ask whether this dimension of heterogeneity affects the  stability and integrity 
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Fig. 1. Fiscal space in the Eurozone since 2001.
Note: This figure plots the time-varying distribution of debt-to-GDP ratios in the euro area. Only countries that were members of the eurozone as of 2001 are 
included.
Source: International Monetary Fund.

of the union.1 Our paper is applied to the context of the euro area, which represents a unique laboratory setting as it features a 
single supra-national monetary authority but separate national fiscal authorities.

To fix ideas, we first present a stylized fact on the distribution of debt-to-GDP ratios across the eurozone, with a special focus on 
its twelve members as of 2001. Fig.  1 documents that national debt levels have been (i) ex-ante heterogeneous since the formation 
of the union and (ii) highly persistent and stable over time. This fact motivates our choice to use cross-country differences in 
steady-state levels of debt as an inherent, medium-run feature of our modeling environment. In other words, we will be operating 
within a framework where countries are identical in every aspect except for the levels of legacy public debt that differ ex ante.

Stark differences in national fiscal stances beg the natural question of whether eurozone countries belong to an optimal currency 
area to begin with (Eichengreen, 1991). An important perspective is that OCA criteria may be endogenous (Frankel and Rose, 
1998; Rose, 2000). It can be argued that even if potential members of a monetary union do not satisfy all OCA criteria today, the 
decision to establish the union will facilitate endogenous integration in the future. However, if local responses to aggregate shocks 
are asymmetric due to persistent geographical and national differences, then synchronization of business cycles may prove difficult. 
In this paper, we examine the extent to which different levels of public debt across member states pose a challenge for European 
integration over the business cycle.

We address our research question using a multi-country Heterogeneous Agent New Keynesian (HANK) framework (McKay and 
Reis, 2016; Kaplan et al., 2018; Auclert et al., 2024). In this setting, where Ricardian equivalence does not hold and marginal 
propensities to consume are high, the fiscal response to monetary shocks becomes a crucial channel of monetary transmission. 
The fiscal reaction function in our framework comprises debt servicing costs and a counter-cyclical stabilization motive. Since 
governments are the sole issuers of a union-wide safe asset, a change in the interest rate affects their budget constraints, leading to 
deficit and spending responses that influence households’ disposable income. Hence, in the presence of trade frictions between 
members of a monetary union—and unlike in representative agent models—the fiscal response to monetary shocks is a key 
determinant of national macroeconomic outcomes. We argue that, in a setting where legacy public debt varies across countries, the 
fiscal reaction function is endogenously country-specific. This leads to heterogeneous exposure of national economies to a common 
union-wide monetary policy stance. For example, high-debt countries generally cannot pursue counter-cyclical fiscal stabilization 
to the same extent as low-debt countries when the central bank raises interest rates.

The main finding of our paper is that ex-ante differences in the levels of legacy public debt across members of a monetary 
union can cause an asymmetric response of national economies to union-wide shocks, and to monetary shocks in particular. The 
economic mechanism behind our finding is the following. In response to symmetric aggregate disturbances, the centralized monetary 
authority responds to inflation according to a standard Taylor-type rule. The systematic monetary policy response, in turn, transmits 
differentially across the member states via national governments’ budget constraints. In response to a monetary contraction, high-
debt countries have limited fiscal ammunition to act counter-cyclically, which translates into a muted response of primary deficits. 
As a result, they experience a more severe economic recession. Low-debt countries, on the other hand, contract by less than the 
union-wide average.

1 We follow the International Monetary Fund (IMF) and define fiscal space as ‘‘room in a government’s budget that allows it to provide resources for a 
desired purpose without jeopardizing the sustainability of its financial position or the stability of the economy’’ (Heller, 2005). We are proxying fiscal space 
with national debt-to-GDP ratios, in line with the literature (Romer and Romer, 2019; Aizenman et al., 2019).
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The above analysis implies that the monetary authority faces a trade-off  between union-wide macroeconomic stabilization and 
synchronization of economic activity across its members. The more hawkish the central bank is, i.e., the more aggressively it 
responds to inflation, the starker the increase in the cross-country dispersion of economic activity. We represent this trade-off as a
stabilization–synchronization possibility frontier which, to the best of our knowledge, is a novel dimension that monetary authorities 
within currency unions might want to pay attention to. Our channel is loosely related to the trade-off between the size of political 
unions and coordination capacity: the greater the degree of economic heterogeneity across independent parties that are willing to 
establish a political union, the lower the equilibrium size of the union and the harder political cooperation becomes (Alesina et al., 
2001). Our result is also related to Bilbiie et al. (2024) who characterize the trade-off between stabilization and redistribution that 
is induced by fiscal transfers and dynamics of inequality.

How can the monetary union navigate the stabilization–synchronization frontier? We now introduce an authority that can issue 
bonds and distribute lump-sum transfers across countries and households in a homogeneous fashion. This approach is closely related 
to the frequently referenced ‘‘Eurobonds’’ proposal (Frankel, 2012). We find that the fiscal union is effective at stabilizing average 
real activity in the monetary union because the introduction of the fiscal union essentially adds an additional layer of counter-
cyclical, stabilizing fiscal policy. However, the impact of the fiscal union on the synchronization of national business cycles depends 
on the source of aggregate fluctuations. If business cycles are driven by demand shocks, then the fiscal union reduces fragmentation. 
However, in the case of supply shocks the fiscal union has a much greater stabilizing effect on the low-debt country than on the 
high-debt one, leading to de-synchronization of economic activity. Thus, while both country types are better off with a fiscal union 
than without, the stabilization–synchronization trade-off can still be present.

Next, we consider a stronger form of fiscal integration: a political union—an arrangement that entails cross-country redistribution 
and full political compromise. We model a political union as an institution that runs a balanced budget every period and 
transfers resources across high- and low-debt countries’ national fiscal authorities. We find that a political union is robustly 
effective at harmonizing economic fluctuations across countries, regardless of the source of aggregate fluctuations. Endogenous 
de-synchronization of the monetary union is minimized, thus solving the stability-synchronization problem.

Our political union experiment can raise three non-trivial questions. First, a political compromise may be impossible if cross-
country transfers are inherently non-reversible, meaning that the low-debt countries are generally always the ‘‘donors’’ and the 
high-debt countries are the ‘‘receivers’’. This is not the case in our model. The direction of transfers varies over the business cycle 
so that neither country receives positive net transfers on average over time. Second, this analysis abstracts from important moral 
hazard considerations (Persson and Tabellini, 1996). The problem can be alleviated if cross-country re-distributive transfers are 
conditional on structural reforms, which we do not analyze explicitly. Third, note that our framework does not allow for ex-ante 
entry and ex-post exit decisions for the member states. In practice, high-debt countries may eventually be tempted to secede (Arvai, 
2024).

A third policy experiment that we study in our model is the so-called augmented Taylor rule. It is possible that in the absence 
of fiscal coordination, the monetary authority could fix the stabilization–synchronization trade-off by itself. In the spirit of Cúrdia 
and Woodford (2010) and Boissay et al. (2021), we introduce a measure of cross-country consumption inequality explicitly into 
the central bank’s policy rule. Along the transition path following exogenous aggregate shocks, the central bank that values cross-
country synchronization generally allows for a greater inflation response. Thus, as inflation responds by more, de-synchronization 
rises by less. This result is robust to both demand and supply shocks. While theoretically operational, the extent to which a monetary 
authority could have its mandate and policy scope expanded with additional items is a complicated practical question.

The fourth and final policy instrument that we analyze in our model is the frequently debated cap on fiscal deficits. Hard limits on 
public deficits have been present ever since the 1992 Maastricht Treaty. In recent years, the European Union has been considering 
further reforms and improvements to its fiscal governance in general and deficit rules in particular. Relative to the frictionless 
benchmark, we find that deficit caps can amplify the disparity in economic responses across high- and low-debt countries. While 
deficit caps can be successful at achieving enhanced debt sustainability in the short run, the cross-country distributional consequences 
of this policy are unequal. The intuition is simple: high-debt countries very quickly run into the binding deficit cap constraint 
precisely in the state of the world where they wish to engage in counter-cyclical fiscal stabilization. The constraint does not bind 
for the low-debt countries who remain unconstrained and go through a milder economic recession following the same monetary 
contraction. As a result, while fiscal diligence and coordination are undoubtedly important, the instrument of fiscal resilience matters.
Literature. Our paper is related to three main strands of literature. First, we are contributing to the burgeoning literature on 
open-economy HANK settings (de Ferra et al., 2020; Druedahl et al., 2022; Oskolkov, 2023; Aggarwal et al., 2023; Bayer et al., 
2024; Guo et al., 2024; Acharya and Challe, 2025). In particular, we focus on the analysis of fiscal policies in general-equilibrium 
environments where Ricardian equivalence fails (Auclert and Rognlie, 2020; Hagedorn et al., 2019). The above studies are almost 
entirely theoretical and/or quantitative. For the empirical treatment of heterogeneous responses to common monetary policy shocks, 
with a special emphasis on the euro area, see Burriel and Galesi (2018), Almgren et al. (2022), and Pica (2023).

Second, our paper relates to the canonical OCA literature (Mundell, 1961; McKinnon, 1963; Kenen, 1969). While abstracting from 
normative statements, we study how heterogeneity in member countries affects the ability of the monetary authority to stabilize 
economic activity—both in the aggregate and in the cross-section. Our particular emphasis is on fiscal integration and stabilization 
policies (Farhi and Werning, 2016, 2017).

Finally, we are contributing to the rapidly growing literature that solves complex general equilibrium models with sequence-space 
methods (Mankiw and Reis, 2006; Boppart et al., 2018; Auclert et al., 2021a). Our particular modeling and solution approach is 
closest to Bellifemine et al. (2023), in which we build an asymmetric multi-region HANK model for the United States. The tractability 
of the sequence-space method allows us to conduct various structural experiments—such as fiscal and political unions—with relative 
ease both along transitions following mean-revering MIT shocks and in long time-series simulations of the economy.
3 
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2. A multi-country HANK model of monetary unions

In this section we first introduce our multi-country Heterogeneous Agent New Keynesian (HANK) model of a monetary union. 
Next, we cast our modeling framework in the sequence space and define two objects that are going to be useful in our analysis: 
the sequence-space Jacobian matrices that capture intertemporal Marginal Propensities to Consume (iMPCs) and the share of 
non-tradable labor income.

2.1. Setup

Our theoretical framework builds on the currency area HANK model proposed in Bellifemine et al. (2023), extended to study 
the role of fiscal policy. Time 𝑡 ≥ 0 is discrete. There is a continuum of countries indexed by 𝑗 ∈ [0, 1] each having a potentially 
non-zero measure 𝜇(𝑗). There is no aggregate uncertainty and we consider perfect-foresight impulse responses to shocks around the 
steady state (‘‘MIT shocks’’).

Households. Each country 𝑗 is inhabited by a continuum of households 𝑖 ∈ [0, 1]. As in the standard incomplete markets model, 
households are ex-ante identical but different ex-post because they face uninsured idiosyncratic shocks to their labor productivity 
𝑒, which evolves over time according to a Markovian process. The preferences of household 𝑖 living in country 𝑗 are defined over 
an aggregate consumption good 𝑐𝑗𝑖𝑡 as well as aggregate labor supply 𝓁𝑗𝑖𝑡, which imply the following time-0 utility:

E0
∑

𝑡≥0
𝛽𝑡{𝑢(𝑐𝑗𝑖𝑡) − 𝑣(𝓁𝑗𝑖𝑡)}

Agents pay a proportional tax 𝜏 on their labor income, receive lump-sum transfers 𝑇𝑗𝑡 from their national government, and can 
imperfectly insure themselves by saving in a nominal risk-free bond which is traded union-wide with real value 𝑏𝑗𝑖𝑡. The bond is 
subject to a borrowing limit 𝑏 ≤ 0. The households’ budget constraint, expressed in real terms, reads as follows: 

𝑐𝑗𝑖𝑡 + 𝑏𝑗𝑖𝑡+1 = (1 − 𝜏)𝑒𝑗𝑖𝑡
𝑊𝑗𝑡

𝑃𝑗𝑡
𝓁𝑗𝑖𝑡 + 𝑇𝑗𝑡 + (1 + 𝑟𝑗𝑡−1)𝑏𝑗𝑖𝑡, 𝑏𝑗𝑖𝑡+1 ≥ 𝑏 (1)

where 𝑊𝑗𝑡 and 𝑃𝑗𝑡 are, respectively, the aggregate wage and price index in country 𝑗, they will be defined momentarily. 𝑟𝑗𝑡−1 is the 
real interest on bonds from period 𝑡− 1 to period 𝑡, in particular it is equal to (1 + 𝑖𝑡−1)∕(1 + 𝜋𝑡) where 𝜋𝑗𝑡 ≡

𝑃𝑗𝑡−𝑃𝑗𝑡−1
𝑃𝑗𝑡−1

 is inflation and 
𝑖𝑡−1 is the nominal interest rate on bonds from period 𝑡 − 1 to 𝑡.

Demand composition. There are two consumption goods in the economy: non-tradables and tradables. The two goods are combined 
into the aggregate consumption basket 𝑐𝑗𝑖𝑡 according to a constant-elasticity-of-substitution (CES) aggregator: 

𝑐𝑗𝑖𝑡 =
[

𝜔1∕𝜈
(

𝑐𝑁𝑇𝑗𝑖𝑡

)(𝜈−1)∕𝜈
+ (1 − 𝜔)1∕𝜈

(

𝑐𝑇𝑗𝑖𝑡
)(𝜈−1)∕𝜈

]
𝜈
𝜈−1

(2)

where 𝑐𝑁𝑇𝑗𝑖𝑡  and 𝑐𝑇𝑗𝑖𝑡, respectively, denote consumption of the non-tradable and the tradable good, 𝜔 is a parameter governing 
households’ preferences for non-tradables, and 𝜈 > 0 is the elasticity of substitution between the two types of goods. The defining 
feature of non-tradable goods is that they must be consumed in the same country where they have been produced. Tradable goods 
are themselves defined as a composite of tradable varieties produced in each country 𝑗, as in Galí and Monacelli (2005, 2008): 

𝑐𝑇𝑗𝑖𝑡 =

(

∫

1

0
𝑐𝑇𝑗𝑖𝑡(𝑗

′)
𝜃−1
𝜃 𝑑𝜇(𝑗′)

)
𝜃
𝜃−1

(3)

where 𝜃 is the elasticity of substitution between tradable goods produced in different countries. This implies the following demand 
for tradables produced in country 𝑗′ from residents of country 𝑗: 

𝑐𝑇𝑗𝑡(𝑗
′) =

(

𝑃 𝑇𝑡 (𝑗
′)

𝑃 𝑇𝑡

)−𝜃

𝑐𝑇𝑗𝑡 (4)

where 𝑃 𝑇𝑡 (𝑗′) represents the price of tradable goods produced in country 𝑗′ and 𝑃 𝑇𝑡 ≡
(

∫ 1
0 𝑃

𝑇
𝑡 (𝑗

′)1−𝜃𝑑𝑗′
)

1
1−𝜃  is the price index 

for tradable goods. Note that we abstract from trade costs between countries. This, together with the fact that preferences are 
homogeneous across countries implies that the tradable price index 𝑃 𝑇𝑡  does not depend on country 𝑗. As is standard, households 
split their spending between the two types of goods as follows: 

𝑐𝑁𝑇𝑗𝑖𝑡 = 𝜔

(

𝑃𝑁𝑇𝑗𝑡

𝑃𝑗𝑡

)−𝜈

𝑐𝑗𝑖𝑡 and 𝑐𝑇𝑗𝑖𝑡 = (1 − 𝜔)

(

𝑃 𝑇𝑡
𝑃𝑗𝑡

)−𝜈

𝑐𝑗𝑖𝑡 (5)

where 𝑃𝑁𝑇𝑗𝑡  represents country 𝑗’s price index for non-tradable goods, while 𝑃𝑗𝑡 is the aggregate price index in country 𝑗. Because 
in our model preferences are homothetic and do not depend on the household type 𝑖, both the price and the wage indices as well 
4 
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as the composition of the consumption basket will be identical across household types within one country. Finally, the price index 
corresponding to the preferences represented in (2) is given by: 

𝑃𝑗𝑡 =
[

𝜔
(

𝑃𝑁𝑇𝑗𝑡

)1−𝜈
+ (1 − 𝜔)

(

𝑃 𝑇𝑡
)1−𝜈

]
1

1−𝜈
(6)

Sectoral labor allocation. Similarly to demand, the supply side of each country 𝑗 is comprised of two sectors: one producing country 
𝑗’s tradable variety and one producing the non-tradable good. We follow Berger et al. (2022) when modeling the supply of labor to 
the two sectors: individual households’ aggregate labor supply 𝓁𝑗𝑖𝑡 is a composite of a measure of labor supplied to the non-tradable 
sector 𝓁𝑁𝑇𝑗𝑖𝑡  and a measure 𝓁𝑇𝑗𝑖𝑡 supplied to the tradable sector. In particular, the labor supply composite is given by the following 
CES aggregator: 

𝓁𝑗𝑖𝑡 =
(

𝛼−
1
𝜂 (𝓁𝑁𝑇𝑖𝑡 )

𝜂+1
𝜂 + (1 − 𝛼)−

1
𝜂 (𝓁𝑇𝑖𝑡 )

𝜂+1
𝜂

)
𝜂
𝜂+1

(7)

where 𝜂 is the elasticity of labor substitution across sectors and is assumed to be constant across countries. Parameter 𝛼 captures 
the propensity of country 𝑗 to produce non-tradable goods and is also common across countries. Given (7), households split their 
labor supply in the following fashion: 

𝓁𝑁𝑇𝑗𝑖𝑡 = 𝛼

(

𝑊 𝑁𝑇
𝑗𝑡

𝑊𝑗𝑡

)𝜂

𝓁𝑗𝑖𝑡, and 𝓁𝑇𝑗𝑖𝑡 = (1 − 𝛼)

(

𝑊 𝑇
𝑗𝑡

𝑊𝑗𝑡

)𝜂

𝓁𝑗𝑖𝑡 (8)

Finally, the wage index corresponding to this labor supply structure is given by: 

𝑊𝑗𝑡 =
[

𝛼(𝑊 𝑁𝑇
𝑗𝑡 )1+𝜂 + (1 − 𝛼)(𝑊 𝑇

𝑗𝑡 )
1+𝜂

]
1

1+𝜂 . (9)

Final good producers. Firms in both sectors produce using a linear production technology: 𝑌 𝑠𝑗𝑡 = 𝐿𝑠𝑗𝑡, 𝑠 ∈ {𝑁𝑇 , 𝑇 }. Moreover, in 
both sectors the market for final goods is perfectly competitive. As a result, final prices for the two goods equal the marginal cost, 
i.e., 𝑃 𝑠𝑗𝑡 = 𝑊 𝑠

𝑗𝑡.

Labor markets. Our economy features nominal rigidities in the form of sticky wages, while prices are allowed to adjust frictionlessly. 
In line with the New Keynesian sticky-wage literature (Erceg et al., 2000; Schmitt-Grohé and Uribe, 2005; Auclert et al., 2024), we 
assume that the amount of hours worked is determined by labor unions. In particular, there is one set of unions per country and per 
sector. In each country 𝑗 and sector 𝑠, there is a continuum of labor unions which set a nominal wage 𝑤𝑠𝑗𝑡. Wage setting is subject 
to quadratic utility costs of adjustment in order to maximize the welfare of the average household in that country. Unions then 
allocate labor among households in a uniform fashion, i.e., 𝓁𝑠𝑗𝑖𝑡 = 𝓁𝑠𝑗𝑡. This gives rise to a wage Phillips curve in every country and 
every sector. We derive a national Phillips curve by taking the weighted average of the two sectoral Phillips curves. See Appendix 
A for further details.

National governments. There are national governments that administer affine tax and transfer schemes. The tax and transfer scheme 
consists of a country-specific lump-sum transfer 𝑇𝑗𝑡, which is rebated equally to all households, together with a proportional tax rate 
𝜏 ≥ 0 on households’ nominal labor income, which is constant across countries. National governments are the sole issuers of liquid 
assets, which are nominal bonds with real value 𝐵𝑗𝑡. Each government’s budget constraint, expressed in real terms, is given by: 

𝐵𝑗𝑡+1 + 𝜏
𝑊𝑗𝑡

𝑃𝑗𝑡
𝐿𝑗𝑡 = (1 + 𝑟𝑗𝑡−1)𝐵𝑗𝑡 + 𝑇𝑗𝑡 (10)

In steady state, we target debt-to-GDP levels to be different across countries. In other words, countries have ex-ante heterogeneous 
levels of legacy public debt. This important feature is the only source of between-country heterogeneity and is a key focus of this 
paper.

Out of steady state, the government follows a fiscal rule that specifies the reaction of overall deficits to contemporaneous 
deviations from steady-state quantities: 

𝐵𝑗𝑡+1 − 𝐵𝑗𝑡 = −𝛾𝐿(𝐿𝑗𝑡 − 𝐿𝑗 ) − 𝛾𝐵(𝐵𝑗𝑡 − 𝐵𝑗 ) (11)

with 𝛾𝐿 > 0, which represents a counter-cyclical stabilization motive for the fiscal authority, and 𝛾𝐵 > 0, which in turn guarantees 
long-run stability of public debt. This type of specification is standard in the literature on fiscal rules (Leeper, 1991; Bohn, 1998; 
Galí and Perotti, 2003; Auclert and Rognlie, 2020). In our exercises, we let transfers adjust endogenously along the transition path 
in order to always satisfy the government’s budget constraint and the fiscal rule. Debt levels are stable for all countries: any changes 
in deficits and debt levels are entirely transitory, implying otherwise stable fiscal policy and the willingness of investors to hold 
government debt, thus satisfying the non-explosive rational expectations solution (Hall, 2014). In addition, we assume that national 
political-economy constraints prevent countries from changing taxes along the transition path.
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Asset market. There is a single union-wide asset market for bonds that pay a nominal risk-free rate 𝑖𝑡. Accordingly, the asset market 
needs to clear at the union level: 

∫

1

0
𝑃𝑗𝑡𝐵𝑗𝑡𝑑𝜇(𝑗) = ∫

1

0
𝑃𝑗𝑡 ∫

1

0
𝑏𝑖𝑗𝑡𝑑𝑖 𝑑𝜇(𝑗) (12)

(12) requires that, in equilibrium, nominal asset holdings by households across the whole union equal the total nominal amount 
of bonds issued by national governments across the union. In other words, our model features financial integration across member 
countries. Note that our HANK framework does not require stationarity-inducing tools to guarantee that asset holdings go back 
to steady state following a shock due to within-country market incompleteness. As discussed in Ghironi (2006), with incomplete 
markets the steady-state growth rate of consumption depends on aggregate asset holdings, which are thus uniquely pinned down 
in the steady-state equilibrium. In other words, the stationarity of our model is guaranteed by the fact that market incompleteness 
gives rise to an upward sloping asset supply schedule at the country level. In Appendix B, we show that country-level net foreign 
assets evolve according to a standard current account identity.
Monetary policy. There is one central bank that sets the nominal interest rate in the union-wide market for nominal bonds. In our 
baseline exercise, monetary policy follows a standard Taylor Rule: 

𝑖𝑡 = 𝑟̄ + 𝜙𝜋𝑡 + 𝜀𝑖𝑡 (13)

where 𝜋𝑡 ≡ ∫ 1
0 𝜋𝑗𝑡𝑑𝜇(𝑗) denotes union-wide price inflation, 𝑖𝑡 is the nominal interest rate, 𝑟̄ is the steady-state real interest rate, and 

𝜀𝑖𝑡 is a non-systematic monetary policy shock.
Demand and cost-push shocks. We model demand shocks, 𝜀𝑚𝑡 , as exogenous disturbances to the discount factor of households, and 
cost-push shocks, 𝜀𝑢𝑡 , as additive shifters in the wage Phillips curve. All shocks are symmetric, i.e., hitting all countries belonging to 
the monetary union homogeneously.

2.2. Equilibrium

Given initial regional distributions {𝐺𝑗0(𝑏, 𝑒)}𝑗 over bonds 𝑏 and idiosyncratic labor productivity 𝑒, and given exogenous paths 
of monetary, demand, and cost-push shocks {𝜀𝑖𝑡, 𝜀𝑚𝑡 , 𝜀𝑢𝑡 }𝑡, an equilibrium is defined as a set of national sequences {𝐵𝑗𝑡, 𝑇𝑗𝑡, 𝑐𝑗𝑡, 
𝑐𝑁𝑇𝑗𝑡 , 𝑐𝑇𝑗𝑡, 𝐿𝑗𝑡, 𝐿𝑁𝑇𝑗𝑡 , 𝐿𝑇𝑗𝑡, 𝑃𝑗𝑡, 𝑃𝑁𝑇𝑗𝑡 , 𝑃 𝑇𝑗𝑡 , 𝜋𝑗𝑡, 𝜋𝑁𝑇𝑗𝑡 , 𝜋𝑇𝑗𝑡, 𝑟𝑗𝑡}𝑗𝑡, union-wide nominal interest rates {𝑖𝑡}𝑡, individual allocation rules {𝑐𝑗𝑡(𝑏, 𝑒),
𝑏𝑗𝑡+1(𝑏, 𝑒)}𝑗𝑡, and joint distributions over assets and productivity levels {𝐺𝑗𝑡(𝑏, 𝑒)}𝑗𝑡, such that households, unions, and firms in all 
countries optimize, governments’ budget constraints and fiscal rules are satisfied, the Taylor rule and the Fisher equation hold, and 
all markets clear:

𝐿𝑁𝑇𝑗𝑡 = 𝑐𝑁𝑇𝑗𝑡 for all 𝑗 (14)

𝐿𝑇𝑗𝑡 = ∫

1

0
𝑐𝑇𝑗′𝑡(𝑗)𝑑𝜇(𝑗

′) for all 𝑗 (15)

∫

1

0
𝑃𝑗𝑡𝐵𝑗𝑡𝑑𝜇(𝑗) = ∫

1

0
𝑃𝑗𝑡 ∫

1

0
𝑏𝑖𝑗𝑡𝑑𝑖 𝑑𝜇(𝑗) (16)

Eq.  (14) is the market clearing condition for the non-tradable goods market. It requires that in every country local demand for 
non-tradable goods equals local supply. Similarly, (15) is the market clearing condition for tradable goods. It states that the total 
amount of tradables produced in a given country 𝑗 must equal total union-wide demand for that particular variety. Finally, (16) is 
the market clearing condition for the union-wide asset market that we discussed above.

2.3. Sequence-space representation

We now cast our model in the sequence space domain and study transition dynamics of perfect-foresight responses to zero-
probability ‘‘MIT shocks’’ (Mankiw and Reis, 2006; Boppart et al., 2018; Auclert et al., 2021a). Throughout the rest of our analysis, 
we express all sequences in log-deviations from steady state.2 We can express idiosyncratic household-level real income as a function 
of just aggregate country-level quantities. In particular, we have: 𝑧𝑖𝑗𝑡𝑒𝑖𝑗𝑡 =

𝑊𝑗𝑡𝐿𝑗𝑡
𝑃𝑗𝑡

𝑒𝑗𝑖𝑡. Substituting this expression into the household’s 
budget constraint shows how the path of policy functions {𝑐𝑗𝑡(𝑏, 𝑒), 𝑏𝑗𝑡+1(𝑏, 𝑒)}𝑡≥0 is entirely pinned down by the sequence of aggregate 
real non-interest income 

{

𝑊𝑗𝑡
𝑃𝑗𝑡
𝐿𝑗𝑡

}

𝑡≥0
≡
{

𝑍𝑗𝑡
}

𝑡≥0, together with the sequence of the real interest rate 
{

𝑟𝑗𝑡
}

𝑡≥0 and lump-sum transfers 
{

𝑇𝑗𝑡
}

𝑡≥0.
We can then integrate over the states (𝑏, 𝑒) to write aggregate consumption in country 𝑗 at time 𝑡 as a function of the sequences 

of real income, rates, and transfers only: 

∫ 𝑐𝑗𝑡(𝑏, 𝑒)𝑑𝐺𝑗𝑡(𝑏, 𝑒) = 𝑡
(

{

𝑍𝑗𝑠
}

𝑠≥0 ,
{

𝑟𝑠
}

𝑠≥0 ,
{

𝑇𝑗𝑠
}

𝑠≥0

)

(17)

2 In particular, for a generic variable 𝑋𝑗𝑡, we denote by 𝑑𝑿𝑗 the full sequence of log-deviations of the variable 𝑋𝑗𝑡 from its steady-state value, 
i.e., 𝑑𝑿 ≡

(

𝑋𝑗0−𝑋𝑗 , 𝑋𝑗1−𝑋𝑗 ,…
)′
. For real interest rates 𝑟 , we adopt a slightly different notation and let 𝑑𝒓 ≡ ( 𝑟𝑗0−𝑟 , 𝑟𝑗1−𝑟 ,…)′.
𝑗 𝑋𝑗 𝑋𝑗

𝑗𝑡 𝑗 1+𝑟 1+𝑟
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Following Auclert et al. (2024), we denote the Jacobian of 𝑡(⋅) with respect to aggregate real labor income 𝒁𝑗 ≡ (𝑍𝑗0, 𝑍𝑗1,…)′

by 𝑴 , which is a matrix whose element (𝑡, 𝑠) is given by 𝜕 ln𝑡(⋅)𝜕 ln𝑍𝑗𝑠
. Similarly, we denote by 𝑴 𝑟 the matrix of elasticities of 𝑡(⋅)

with respect to the interest rate sequence 𝒓 ≡ (𝑟0, 𝑟1,…)′, that is (𝑴 𝑟)𝑡,𝑠 ≡ 𝜕 ln𝑡(⋅)
𝜕 ln(1+𝑟𝑠)

. This Jacobian is going to capture both the
intertemporal substitution motives induced by changes in interest rates, as well as wealth effects on households’ consumption due to 
non-zero positions in net foreign assets. Finally, 𝑴 𝑡 is the Jacobian with respect to lump-sum transfers, (𝑴 𝑡)

𝑡,𝑠 ≡
𝜕 ln𝑡(⋅)
𝜕 ln 𝑇𝑗𝑠

. Together, 
these Jacobians summarize all within-country household heterogeneity.
Sufficient statistics for openness. On top of the sequence-space Jacobians defined above, another object that is going to be at the core 
of our analysis is the non-tradable share of labor income, which we denote by 𝜌. 

Definition 1. [𝜌] We define 𝜌 as country 𝑗’s non-tradable share of the wage bill in the steady state. Formally:

𝜌 =
𝐿
𝑁𝑇
𝑗 𝑊

𝑁𝑇
𝑗

𝐿𝑗𝑊 𝑗

Since it represents the share of non-tradable labor income, 𝜌 is naturally bounded between 0 and 1 and gauges the extent to 
which country 𝑗 is exposed to fluctuations in the non-tradable sector, as opposed to fluctuations in the tradable one. The following 
Lemma highlights the role of 𝜌 as a sufficient statistic to capture the partial equilibrium (i.e., holding wages fixed) transmission of 
consumption to real labor income: 

Lemma 1.  Consider a zero-measure country 𝑗. Then, 𝜌 is equal to the partial equilibrium elasticity of real labor income to consumption:
𝜕 log𝑍𝑗𝑡
𝜕 log𝐶𝑗𝑡

= 𝜌

Proof.  See Appendix B. □

Note that this result only relies on the homotheticity of the consumption and labor aggregators, and does not rest on the specific 
CES forms we imposed. Lemma  1 shows how accounting for the presence of non-tradable goods is crucial to connect the local 
consumption and income responses following an aggregate shock.

3. Heterogeneous transmission of monetary policy

In this section we analyze how ex-ante differences in legacy public debt affect the transmission of monetary policy in a monetary 
union. First, we describe analytically the channels that drive the heterogeneous effects of monetary policy in our framework. Next, 
we solve our model quantitatively in order to inspect the mechanism in greater detail. We emphasize how the redistribution between 
high and low public debt countries, induced by interest rate changes, matters for the heterogeneous transmission of monetary policy.

3.1. Analytical decomposition

When countries differ in their levels of public debt, monetary policy impacts governments’ fiscal space unevenly by influencing 
debt servicing costs. This can be seen by combining (10) with (11): 

𝐷𝑗𝑡 = −𝛾𝐿(𝐿𝑗𝑡 − 𝐿̄𝑗 ) − 𝛾𝐵(𝐵𝑗𝑡 − 𝐵̄𝑗 )
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

Fiscal rule
− 𝑟𝑗𝑡𝐵𝑗𝑡

⏟⏟⏟
Debt service costs

(18)

where 𝐷𝑗𝑡 ≡ 𝜏
𝑊𝑗𝑡
𝑃𝑗𝑡
𝐿𝑗𝑡 −𝑇𝑗𝑡 denotes primary deficits. High levels of legacy public debt result in a larger exposure of the government’s 

budget to monetary policy via debt servicing costs. Thus, high-debt countries cannot engage in counter-cyclical fiscal policy as much 
as low-debt ones when the central bank raises the common interest rate. Following a contractionary monetary policy shock, primary 
deficits—and, consequently, transfers to households—respond differently across member states. A key result of this paper is that 
the presence of a non-tradable sector and of households with realistic marginal propensities to consume (MPCs) implies that the 
country-level response to a shock is shaped by a National Keynesian Cross (NKC) multiplier (Bellifemine et al., 2023). Because of the 
heterogeneous responses of local public deficits and transfers, this multiplier gets activated differentially across the member states, 
resulting in the heterogeneous transmission of the monetary policy impulse across the union.

To see this more clearly, let us focus for simplicity on a zero measure, atomistic country 𝑗. Then, taking a first-order approximation 
of (17) we can derive the following characterization of the consumption response in country 𝑗 to a union-wide monetary policy shock:

𝒄̂𝑗 = 𝑴 𝑟𝒓̂𝑗
⏟⏟⏟

Direct effect
+ 𝑴 𝑡𝒕𝑗

⏟⏟⏟
Fiscal reaction

+ 𝜌𝑴𝒄̂𝑗
⏟⏟⏟
Multiplier

+ (1 − 𝜌)𝑴𝒄̂𝑇
⏟⏞⏞⏞⏞⏟⏞⏞⏞⏞⏟
Foreign demand

+ 𝑴𝒘𝑟
𝑗

⏟⏟⏟
Real wage

− 𝜈𝜌𝑴𝒘̂𝑁𝑇
𝑗 + 𝜃(1 − 𝜌)𝑴𝒔̂𝑗

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟
Expenditure switching

− 𝑴cap𝝅surprise𝑗
⏟⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏟
Revaluation effect

(19)
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where ̂𝒔𝑗 ≡ 𝒑̂𝑇 − 𝒘̂𝑇
𝑗  denotes the relative price of imports over exports, i.e., the terms of trade, 𝑴cap is the consumption Jacobian 

to surprise capital gains induced by unanticipated inflation, and 𝝅surprise𝑗  represents surprise inflation. See Appendix C for details on 
the derivations. Eq.  (19) provides an intuitive decomposition of the total consumption response ̂𝒄𝑗 to the real interest rate impulse 
𝒓𝑗 . As usual, there is the direct effect, or the intertemporal substitution channel of monetary policy, which is the initial impulse shaping 
the consumption response.

The initial impulse, which is common for all countries, propagates heterogeneously across the union because of the second term 
in (19), which is at the core of this paper. It captures the role of the fiscal response, and in particular changes in lump-sum transfers 
𝒕𝑗 , for the transmission of monetary policy. Because Ricardian equivalence fails in our framework, government transfers can affect 
aggregate demand and the entries in the matrix 𝑴 𝑡 are in general different from zero. Thus, the fiscal reaction channel acts to 
dampen the consumption response to monetary shocks whenever fiscal policy is countercyclical, i.e., 𝛾𝐿 > 0. Moreover, as Eq.  (18) 
shows, this dampening effect is decreasing in the level of legacy public debt, because of the debt servicing channel discussed above. 
Following a monetary contraction, debt servicing costs will crowd out fiscal space more in high public debt countries than in low 
public debt ones. Because of this, primary deficits in high-debt countries will behave less counter-cyclically and consumption will be 
more responsive. Thus, the heterogeneous fiscal response induced by differences in the levels of steady-state public debt generates 
heterogeneity in the transmission of monetary policy to real activity across member countries of the union, a central result in our 
paper.

Next, we have the aforementioned national multiplier term. The NKC multiplier captures indirect, second-round effects of the 
transmission mechanism. In particular, it captures the idea that the consumption response induced by the initial impulse generates a 
change in disposable income which in turn yields a further consumption response, and so on. Two objects shape the NKC multiplier 
term: the iMPC matrix, 𝑴 , determining the pass-through from disposable income to consumption, and the share of non-tradable 
income, 𝜌, which captures the exposure of country 𝑗 to local economic conditions.

Finally, the last four terms in (19) are standard. They represent (i) the effect of the response of union-wide demand for tradables 
on local income and hence on the local consumption response, (ii) a real wage channel as in Auclert et al. (2021b), (iii) an 
expenditure-switching term capturing the fact that changes in relative prices induce substitution for local households between 
non-tradable and tradable goods, and for foreign households among different varieties of tradable goods, and (iv) a revaluation 
effect, coming from the fact that the only asset in the economy is risk-free in nominal terms so that surprise capital gains (or losses) 
can arise as a result of unanticipated inflation.

Note that because it generates different responses of real economic activity across member countries, public debt matters for the 
response of nominal variables as well. In particular, local price inflation is going to respond more to interest rate impulses precisely 
in the countries where consumption reacts by more. This can be seen from our derived Phillips Curve relationship below: 

𝝅𝑗 = 𝜅𝑗𝑲
[

𝜑𝓵̂𝑗 + 𝜎𝒄̂𝑗 − 𝒘̂𝑟
𝑗

]

(20)

where 𝜅𝑗 and 𝑲 are both defined in Appendix A, which also provides details on the derivation. Countries where consumption 
is more responsive to monetary policy will also experience a larger inflation response on impact, via households’ labor supply 
and consumption in the non-tradable sector. Moreover, the dispersion in local inflation responses will be larger as the share of 
non-tradable labor income 𝜌 increases, since union-wide tradable goods act to equalize inflation across member countries.

Overall, (18)–(20) showcase the implications that differences in legacy public debt have for the transmission of monetary policy 
to both real and nominal economic variables across members of a monetary union.

3.2. Quantitative illustration

Before proceeding with a precise calibration, we illustrate how our model can generate heterogeneous country-level responses 
to a monetary policy impulse. To this end, we solve the model for a monetary union that consists of ten hypothetical countries, 
each with a different ex-ante level of steady-state debt. For illustrative purposes, we choose debt-to-GDP ratios that range from 8% 
to 180%. These numbers loosely correspond to the highest and lowest levels of sovereign debt that are observed among euro area 
members. Fig.  2 demonstrates rich heterogeneity in the national aggregate consumption responses to a 1 p.p. annualized interest 
rate shock. The consumption response to this union-wide shock ranges from 38 to 55 basis points among member countries. The 
pecking order of responses lines up monotonically with the degree of national fiscal space: high-debt (low-debt) countries are more 
(less) responsive to the same shock. The following sections delve deeper into the mechanisms behind this result.

3.3. Calibration to core and periphery of the euro area

We calibrate our model to the quarterly frequency. Table  1 reports our parametrization choices. For the remainder of the paper, 
we study the special case of a two-country union, with the two members differing only in their steady-state debt-to-GDP ratios. Our 
approach loosely corresponds to the ‘‘core–periphery’’ divergence commonly referenced in the euro area context.3 More precisely, the 
two countries share exactly the same parameters, with the exception of the level of steady-state lump-sum transfers to households, 

3 The core and periphery duality arises naturally in currency areas. The type of country that stands to gain more from relinquishing its own currency is a 
small open economy (SOE) that trades heavily with a larger partner, has a history of high inflation, and/or exhibits a high business cycle correlation with that 
same partner. Once the union is adopted, the SOE becomes the ‘‘periphery’’ and the larger partner becomes the ‘‘core’’ (Alesina and Barro, 2002).
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Fig. 2. Heterogeneous consumption responses to monetary policy shocks.
Note: consumption responses to a shock that increases the interest rate 𝑖𝑡 by 1 p.p. (annualized) on impact, with quarterly persistence of 0.85.

Table 1
Model parametrization.
 Parameter Description Value Comment

 𝛽 Discount factor 0.996 Standard  
 𝜎 Inverse IES 1 Standard  
 𝜑 Frisch elasticity 1 Chetty et al. (2011)  
 𝜔 Non-trad. consumption preference 0.66 Hazell et al. (2022)  
 𝛼 Non-trad. labor supply preference 0.66 Hazell et al. (2022)  
 𝜈 Cons. elasticity of subs. btw sectors 1.5 Hazell et al. (2022)  
 𝜃 Elasticity of subs. btw tradables 6 Corsetti et al. (2010)  
 𝜂 Labor elasticity of subs. btw sectors 0.45 Berger et al. (2022)  
 𝜌𝑒 Pers. of log-productivity process 0.966 McKay et al. (2016)  
 𝜎𝑒 Std. of log-productivity process 0.504 McKay et al. (2016)  
 𝑏 Borrowing limit 0 Standard  
 𝜖 Union market power 21 Schmitt-Grohé and Uribe (2005)  
 𝜓 Wage rigidity 466 0.18 annual NKPC slope (Beraja et al., 2019) 
 𝜏 Income tax rate 30% Eurozone average  
 𝐵̄1∕𝑌1 Debt-to-GDP ratio in country 1 134% Italy, 2019 (source: AMECO)  
 𝐵̄2∕𝑌2 Debt-to-GDP ratio in country 2 60% Germany, 2019 (source: AMECO)  
 𝛾𝐿 Response of deficits to 𝐿 1 Galí and Perotti (2003)  
 𝛾𝐵 Response of deficits to debt 0.07 Galí and Perotti (2003)  

which we vary in order to match our chosen debt-to-GDP calibration targets. For illustration purposes, we calibrate the two countries 
to the debt-to-GDP ratios of Italy and Germany as of 2019: 134% and 60%, respectively.

For the remaining parameters, we assign standard values and rely on the existing literature. We calibrate the fiscal rules based on 
the results in Galí and Perotti (2003) in the case of euro area countries. The parameter 𝛾𝐿 is meant to capture both the discretionary 
and the automatic response of government deficits to employment fluctuations. We thus set it to 1, which corresponds to the sum 
of the estimates for discretionary and non-discretionary deficits in Galí and Perotti (2003). We set the quarterly discount factor 𝛽
to 0.996. The inverse intertemporal elasticity of substitution (IES) and the Frisch labor supply elasticity are both equal to unity 
following Kaplan et al. (2018). We parametrize the triad {𝜔, 𝛼, 𝜈} following Hazell et al. (2022), and set 𝜃 to 6 as in Corsetti et al. 
(2010). The elasticity of labor substitution across sectors is set at 0.45 following Berger et al. (2021). The parameters governing 
the idiosyncratic log-productivity process {𝜌𝑒, 𝜎𝑒} are set to standard values following McKay et al. (2016). We target an annual 
slope of the wage New Keynesian Phillips Curve of 0.18, as estimated in Beraja et al. (2018) and set 𝜃 = 466 accordingly. Finally, 
following Schmitt-Grohé and Uribe (2005), we assume that the union market power parameter 𝜖 is equal to 21.

3.4. Quantitative inspection of the mechanism

The discussion of Eq.  (19) provided some important analytical insights on the main channels via which heterogeneity in the 
level of public debt can affect the transmission of monetary policy across countries within a monetary union. We now study these 
effects quantitatively in the properly calibrated version of our model that we solve numerically. We first consider a contractionary 
monetary policy shock that increases the annualized nominal interest rate by 1% on impact with a quarterly persistence of 0.85, as 
depicted in the first panel of Fig.  3.
9 



M. Bellifemine et al. Journal of International Economics 156 (2025) 104092 
Fig. 3. Heterogeneous effects of ECB monetary policy shocks.
Note: responses to a shock that increases 𝑖𝑡 by 1 p.p. (annualized) on impact, with quarterly persistence of 0.85.

Fig.  3 reports the results. We observe that via the counter-cyclical fiscal rule, primary deficits and transfers increase in both 
countries following the shock. However, because of the debt servicing cost channel discussed above, the high-debt country is more 
exposed to interest rates changes and experiences a larger increase in interest expenses. Thus, it has less space to engage in counter-
cyclical fiscal policy following the interest rate hike, with primary deficits and transfers responding by less. Since our framework 
features realistic within-country distributions of MPCs and a failure of Ricardian equivalence, this implies that consumption is more 
responsive in the high-debt country than in the low-debt one. Via the Phillips Curve relationship, price changes are, therefore, more 
responsive in the high-debt country as well. This greater deflation, in turn, makes real public debt balances in the high-debt country 
even larger. As a result, this puts further pressure on the government’s budget as the real interest rate increases by more in the 
country whose public sector is more exposed to it. The heterogeneous consumption and inflation responses across the two countries 
also have implications for international competitiveness and trade flows. In particular, on impact, the high-debt (low-debt) country 
experiences a reduction (increase) in its terms of trade. Over time, the relative prices of tradable varieties must return to their 
steady-state levels, causing the terms-of-trade responses to reverse.

Monetary policy also has consequences for trade flows. Following a contractionary shock, goods flow from the high-debt country 
to the low-debt country, i.e., the low-debt country runs a trade surplus. This result can also be interpreted in light of between-country
redistribution that monetary policy induces in our framework. This is similar to the between-household redistributive effects of 
monetary policy in standard closed-economy settings (Kaplan et al., 2018; Auclert, 2019). The high public-debt country is a net 
borrower overall (i.e., after consolidating the private and public sectors), with the low-debt country being a net saver. Thus, when 
interest rates increase, resources are redistributed away from the high-debt region and towards the low-debt one. This can also be 
seen from the behavior of net foreign assets, which we plot in Appendix E. As a result, consumption in the high-debt country needs 
to go down by more, while households in the low-debt country experience a consumption contraction that is milder. This showcases 
how monetary policy in a heterogeneous monetary union can have large redistributive consequences. Moreover, these effects are 
going to be greater if monetary policy is more active in moving the interest rate via its systematic component. We further expand 
on the trade-offs associated with this cross-country redistribution channel in the next sections.

3.5. Testing the mechanism in the data

We now to turn to testing our theoretical mechanism in the data. In particular, our model predicts that the differential response to 
an increase in the interest rate is driven by (i) high public-debt countries experiencing a larger increase in debt servicing costs and, as 
10 
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Fig. 4. Testing the mechanism in the data.
Note: estimates for 𝛽𝑞ℎ from (21) in response to a contractionary monetary policy shock raising the EONIA rate by 1 percentage point. Shaded areas represent 
90% confidence intervals. Standard errors are clustered at the country level.

a result, (ii) having to run tighter fiscal deficits at some point in time, in order to satisfy their intertemporal budget constraint. We test 
these two predictions by splitting the 20 eurozone countries into three groups based on debt-to-GDP terciles. Next, following Jordà 
(2005) and Jordà and Taylor (2024), we run the following panel local projection separately for countries in the first and the third 
terciles: 

𝛥𝑌𝑗𝑡+ℎ = 𝛼𝑗ℎ + 𝛽
𝑞
ℎ × 𝑖𝑡 +

4
∑

𝓁=1
𝛤 𝑞𝓁ℎ𝒁 𝑡−𝓁 +

4
∑

𝓁=1
𝛾𝑞𝓁ℎ𝛥𝑌𝑗𝑡−𝓁 + 𝑢𝑗𝑡ℎ (21)

where 𝑌𝑗𝑡 is our variable of interest—either the interest expenses-to-GDP ratio or the primary deficits-to-GDP ratio—in country 𝑗
and period 𝑡, 𝛥𝑌𝑗𝑡+ℎ ≡ 𝑌𝑗𝑡+ℎ−𝑌𝑗𝑡−1

𝑌𝑗𝑡−1
 represents the cumulative change ℎ quarters ahead, 𝛼𝑗ℎ is a country fixed effect, 𝑖𝑡 is the EONIA 

interest rate, which we instrument with the ECB monetary policy shocks constructed in Almgren et al. (2022), 𝒁 𝑡 is a vector of 
euro-wide variables which includes the EONIA rate, the eurozone industrial production index, and the euro area CPI. See Appendix 
D for details on data construction. Finally, because we run the regression separately for different debt-to-GDP terciles, all coefficients 
are indexed by 𝑞, which denotes the debt-to-GDP tercile that country 𝑗 belongs to. We weigh our regressions by population and 
cluster standard errors at the country level.

Fig.  4 plots the estimates from (21). The left panel shows that, following a 1 percentage point increase in the nominal interest 
rate, eurozone countries that belong to the top tercile of the debt-to-GDP distribution experience a larger rise in debt servicing 
costs as a share of output. Interest expenses go up by more simply because high public-debt countries have a larger stock of debt 
to begin with, so they are more exposed to interest rate changes. This, combined with the fact that governments need to respect 
an intertemporal budget constraint, implies that high-debt countries need to run smaller primary deficits at some point in time in 
order to make up for the larger debt servicing costs. This is depicted clearly in the right panel of Fig.  4. Following the interest rate 
hike, high public-debt countries do not significantly change their primary deficit, while low public-debt countries mildly increase it. 
Overall, these two empirical patterns are entirely consistent with the corresponding impulse responses from our model, which can 
be seen in the left and center panels in the middle row of Fig.  3, thus lending further credibility to the model mechanisms.

4. Stabilization–synchronization trade-off

In this section, we explore how the central bank’s concerns for inflation stability, captured by the Taylor coefficient 𝜙, impact 
the ergodic volatility and synchronization of key economic aggregates across countries, specifically inflation and consumption. For 
illustration purposes, in this section we focus on demand shocks. In Appendix E, we reproduce our results for the case of supply 
shocks. All shocks in our paper are union-wide and symmetric.

4.1. Hawk vs. dove central bank

To illustrate the stabilization–synchronization trade-off that arises within our framework, we consider the ergodic behavior of 
consumption and inflation under a dovish central bank (𝜙 = 1.1) and a hawkish one (𝜙 = 10). This comparison is visually represented 
in Fig.  5, which shows model simulations for consumption and inflation under different monetary stances. The Figure consists of four 
panels: the top-left and bottom-left panels depict consumption and inflation under the dovish stance; the top-right and bottom-right 
panels, instead, depict consumption and inflation dynamics under the hawkish stance. Every panel presents the time series for the 
high-debt and the low-debt country conditional on the monetary regime.

A dovish central bank, which does not respond aggressively to inflation, allows demand shocks to pass through to inflation 
without substantially moving its policy tool, the nominal interest rate. Consequently, the heterogeneous transmission of monetary 
policy, as described in the previous section, is less salient, resulting in inflation and consumption moving in tandem in both low- 
and high-debt countries. This is why the time-series dynamics are highly synchronized in the two left panels of Fig.  5.
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Fig. 5. Ergodic behavior of the economy under different monetary stances.
Note: simulations for consumption and inflation under different Taylor coefficients on inflation, 𝜙. Fluctuations are driven by discount factor shocks only, with 
a quarterly persistence of 0.95 and innovation standard deviation of 0.005.

Conversely, when the central bank prioritizes inflation stabilization, the nominal interest rate becomes highly responsive to 
inflation via the Taylor rule. Due to the heterogeneous transmission of monetary policy across members of the monetary union, 
a central bank aiming to stabilize average inflation across the eurozone is going to de-synchronize consumption patterns between 
countries as a byproduct of its price stabilization efforts. Specifically, when the stance of the central bank is hawkish enough, 
consumption in the high-debt country decreases in response to a positive demand shock. This is because the hike in interest rates aimed 
at stabilizing inflation also induces a large increase in debt servicing costs in the high-debt country and a fiscal contraction. This 
phenomenon is depicted in the top-right and bottom-right panels of Fig.  5. As the ECB’s monetary stance becomes more aggressive, 
cross-country dispersion in consumption and inflation responses increases, while the correlation decreases, going all the way to zero. 
In other words, when the central bank aggressively tries to stabilize union-wide prices, economic activity across member countries 
is de-synchronized. This dynamic gives rise to what we call a ‘‘stabilization–synchronization trade-off’’.

Note that the fluctuations in Fig.  5 are driven by demand shocks only—or ‘‘efficient’’ shocks. In this setup, a well-known ‘‘divine 
coincidence’’ result holds (Blanchard and Galí, 2007): strict inflation targeting is the optimal policy for the monetary authority, as 
it allows to perfectly close both the inflation and the output gaps. In our setting, the divine coincidence still holds at the union 
level, meaning it is possible for the central bank to stabilize average union-wide inflation and consumption. However, the divine 
coincidence breaks down at the country level. As countries respond differently to monetary policy, it is impossible for the central 
bank to perfectly stabilize inflation and consumption in every single member country of the fragmented union.

4.2. Stabilization–synchronization possibility frontier

To further crystallize the central banker’s trade-off between stabilizing union-wide inflation and synchronizing business cycles 
across individual member states, we plot in Fig.  6 what we call the stabilization–synchronization possibility frontier. The figure plots the 
frontiers for demand shocks. See Appendix E for the frontier in the case of supply shocks. This frontier illustrates the attainable set 
of union-wide inflation time-series volatility (y-axis) and cross-country synchronization metrics (x-axis), traced out as we vary the 
Taylor coefficient on inflation, 𝜙. The frontiers are plotted for four types of synchronization metrics: average cross-country standard 
deviations and correlations, one each for consumption and inflation. The left panel of Fig.  6 shows the relationship between the 
standard deviation (over time) of eurozone inflation and the cross-country standard deviation of consumption and inflation (averaged 
across time periods). Each point on the curve represents a different value of the Taylor coefficient 𝜙, ranging from 1.1 (dovish) up 
to 10 (hawkish). The right panel depicts the same standard deviation for eurozone inflation against cross-country correlations of 
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Fig. 6. Stabilization–Synchronization possibility frontier.
Note: stabilization–synchronization possibility frontier, plotting the menu of union-wide inflation volatility and cross-country dispersion and correlation in 
consumption and inflation achievable by the central bank for different Taylor coefficients on inflation, 𝜙.

consumption and inflation. We normalize the standard deviation measures so that the figure is bounded above by 1. Correlation 
measures are not normalized.

We find the stabilization–synchronization trade-off to be quantitatively large. Moving to the (optimal) strict inflation targeting 
limit results in a two-fold increase in the cross-country standard deviation of both consumption and inflation. Similarly, the same 
change in the Taylor coefficient completely de-synchronizes consumption behavior across member countries, bringing the correlation 
to zero. For sufficiently large Taylor coefficients, the consumption correlation can even turn negative. This is because stabilizing 
inflation in response to demand shocks also involves stabilizing euro-wide consumption. However, since countries respond differently 
to interest rate changes, in order for the average response to a positive demand shock to be zero, one country needs to experience 
a negative consumption response.

In Appendix E we provide an alternative visualization of the stabilization–synchronization trade-off. As 𝜙 increases, we generally 
see that cross-country correlations in consumption and inflation dynamics fall while cross-country standard deviations rise. These 
patterns are particularly stark in the case of demand shocks.

In summary, the stabilization–synchronization possibility frontiers highlight a significant trade-off faced by monetary policy: 
balancing the stabilization of average union-wide price levels with the synchronization of business cycles across member countries. 
In the context of the euro area, this implies that fiscal coordination and some form of integration may be desirable, a point we now 
turn to in the next section.

5. Policy experiments

In this section we analyze three policy proposals that have been put forth in the context of monetary unions generally and the euro 
area more specifically. We will pay special attention to how these proposals impact the trade-off between economic stabilization 
and cross-country synchronization faced by the central bank. We begin by studying deficit caps, which have been proposed and 
implemented in practice, for example, in the context of the EU ‘‘Stability and Growth Pact’’ (see Galí and Perotti, 2003 for a detailed 
discussion). We then consider the case of fiscal unions and full-blown political unions. We characterize conditions under which they 
can help synchronize fluctuations across member states. Finally, we introduce cross-country consumption inequality concerns into 
an otherwise traditional Taylor rule and study the impact of synchronization-conscious central bank on the union’s economy.

5.1. Deficit caps

We begin by studying the consequences of introducing hard ceilings on deficit-to-GDP ratios. Public deficit caps have been present 
since the early days of the European Union, first introduced with the 1992 Maastricht Treaty and then further developed as part of 
the 1997 Stability and Growth Pact and the 2013 Fiscal Compact. In recent years, the EU has been strongly considering a further 
reform to its fiscal rules. In our model experiment, we implement the cap such that it does not bind for either country in the steady 
state but can bind along the transition path following exogenous shocks. We then look at the consumption response to the same 
contractionary monetary shock as we considered in Fig.  3, in cases with and without the deficit cap.

Fig.  7 shows the results from this quantitative exercise. We observe that relative to the frictionless baseline, deficit caps amplify
the dispersion in the consumption response across the two countries. This can be clearly seen from the right panel of the Figure. 
Aggregate consumption of the high-debt (low-debt) country falls by more (less). Thus, in spite of enhanced debt sustainability, 
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Fig. 7. The role of deficit caps.
Note: responses with and without a deficit cap to a shock that increases 𝑖𝑡 by 1 p.p. (annualized) on impact, with quarterly persistence of 0.85.

introduction of the deficit cap has unequal, potentially unintended consequences on cross-country consumption inequality. These 
distributional effects also have aggregate implications as the union-wide consumption decline is greater by about 10 basis points.

The intuition is rather simple. The high-debt country runs larger deficits to begin with, because of higher debt servicing 
costs. Accordingly, following the monetary contraction, it is the high-debt country which is more likely to hit the deficit cap. 
Once the constraint begins to bind, differences in the counter-cyclicality of fiscal policies across the two countries become even 
bigger, resulting in larger disparity in the responses to the same shock. Thus, while being silent on the effectiveness of deficit 
caps in achieving convergence in the level of public debt across countries, our exercise suggests that they can be a driver of de-
synchronization at the business-cycle frequency. Broadly speaking, this observation suggests that the policy instrument chosen to 
enhance fiscal resilience matters substantially.

5.2. Fiscal unions

We now turn to fiscal unions. At the core of our stabilization–synchronization trade-off is the presence of a single monetary 
authority but multiple local fiscal authorities, each reacting differently to the initial shock. Thus, the introduction of a centralized 
fiscal union seems like a natural solution to this problem. We consider a homogeneous fiscal union, which we model as an authority 
that issues bonds in order to distribute lump-sum transfers homogeneously across countries and households. The union is inactive 
in the steady state, with zero debt and transfers. The bond issuance and transfer programs are only active during transition periods, 
following the same fiscal rule as in (11). This version of a fiscal union is very close to the ‘‘Eurobonds’’ solution that was proposed 
during the eurozone debt crisis (Frankel, 2012).

In Fig.  8 we plot the stabilization–synchronization frontier for consumption and inflation under different levels of centralized 
fiscal integration and in the case of supply shocks. The curve shifts outwards in the presence of the fiscal union. This means that 
the fiscal union makes the trade-off faced by the central bank worse, i.e., to achieve a given level of union-wide inflation volatility 
the central bank must tolerate a larger level of cross-country consumption (and inflation) dispersion. This takes place because of the 
general equilibrium effects that fiscal integration has on interest rates. During recessions, the presence of the federal fiscal authority 
increases the total amount of debt issued in the single asset market, thus putting upward pressure on interest rates. Higher interest 
rates then tighten the fiscal space for the government in the high-debt country, thus making national fiscal policy in that country 
less counter-cyclical.

On one hand, results from this experiment are consistent with the notion that countries that are members of a currency union 
benefit from aggregate risk sharing in the presence of incomplete markets, as is the case in our framework (Farhi and Werning, 
2016, 2017). We do find that both countries are better off with a fiscal union than without it. However, we do not observe that 
the fiscal union solves the stabilization–synchronization problem. A caveat to this analysis is that we still consider only symmetric 
aggregate disturbances. The benefits of fiscal unions are generally greater the more asymmetric the shocks are Farhi and Werning 
(2017). Thus, our findings potentially point to a lower bound on the total benefits of fiscal unions.
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Fig. 8. The role of fiscal unions.
Note: stabilization–synchronization frontier with and without a fiscal union.

.

Fig. 9. The role of political unions.
Note: stabilization–synchronization frontier with and without a political union.

.

5.3. Political unions

Next, we introduce a political union which, more specifically, means a fiscal union with active cross-border redistribution. 
As we highlighted in Fig.  3, in our framework any action of the central bank is inherently accompanied by a redistribution of 
resources between countries. It seems natural, hence, to study the role of a federal fiscal authority with the power to counteract the 
redistributive effects of monetary policy. We model the redistributive political union as running a balanced budget every period. 
As such, it does not issue any bonds and does not act countercyclically. It simply transfers resources across the two national fiscal 
authorities.

We assume that the political union transfers resources across borders with the goal of dampening the difference in the fiscal 
response across the two countries by a share 𝛿. Thus, when 𝛿 = 0 we are in the baseline case of no political unions, while 𝛿 = 1
means that the fiscal response is fully equalized across countries. For our quantitative illustration we set 𝛿 = 0.35, which implies 
partial redistribution. Just like in the case of the fiscal union, we assume that the political union is inactive in the steady state and 
only operates during transition dynamics.

Fig.  9 presents our results. Because the political union runs a balanced budget in every period, it is not able to stabilize aggregate, 
euro-wide fluctuations by design. However, it can be very effective at harmonizing economic activity across countries and therefore 
at tackling our stability-synchronization trade-off. This can be clearly seen in Fig.  9: under a political union, the possibility frontier 
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shifts inwards and becomes steeper for both consumption and inflation. Thus, we can conclude that the political union can alleviate 
the trade-off and prevent the de-synchronization of the union. In other words, for the same level of union-wide inflation volatility, 
the central bank’s actions lead to less cross-country divergence.

The practical cost of a full-blown political union is potentially very high if transfers are non-reversible. This is not the case in 
our experiment. The defining feature of this political union is that the direction of cross-country transfers varies over the business 
cycle. In particular, as can be seen in Appendix E, transfers flow from the low-debt to the high-debt country during recessions, and 
the opposite happens during expansions. Neither country receives positive net transfers on average over time. Thus, our version 
of a political union could be potentially more feasible politically than other versions circulating in the policy debate. There are 
two additional, important caveats to this analysis. First, as mentioned previously, we abstract from the non-trivial issue of moral 
hazard considerations (Persson and Tabellini, 1996). Second, our model does not include sovereign default risk and equilibrium 
credit spreads (Corsetti et al., 2013; Costain et al., 2024). A complete treatment of political integration in monetary unions should 
take both of these channels into account.

Finally, notice that the frontiers in Figs.  8 and 9 are plotted for the case where fluctuations are driven by supply shocks. With 
(efficient) demand shocks, an extra layer of stabilization always improves the trade-off faced by the central bank. The frontiers for 
both fiscal and political unions under demand shocks are available in Appendix E. Thus, our results suggest that a political union
robustly improves the stabilization–synchronization trade-off, no matter what the source of the shock is, while a fiscal union does 
not.

5.4. Taylor rules with cross-country consumption inequality

For our final policy instrument, we revert back to the baseline situation without any fiscal integration. We now consider 
a monetary authority that cares about cross-border consumption divergence explicitly. In our baseline model, the stability-
synchronization trade-off arises because the central bank’s sole duty is price stability. A natural solution would be to expand the 
central bank’s reaction function—the Taylor rule—with a metric that captures cross-country synchronization concerns. Specifically, 
we modify our baseline Taylor rule (13) as follows: 

𝑖𝑡 = 𝑟̄ + max
{

1, 𝜙 − 𝜙𝑆𝐷𝜎𝑐𝑡
}

𝜋𝑡 + 𝜀𝑖𝑡 (22)

where 𝜎𝑐𝑡 ≡ V𝑎𝑟𝑗𝑐𝑗𝑡 is the cross-sectional standard deviation of consumption deviations from steady state across member countries 
in period 𝑡, and 𝜙𝑆𝐷 is a non-negative parameter. Thus, the more dispersed consumption fluctuations across countries are, the more 
dovish the central bank becomes ‘‘endogenously’’.

Fig.  10 presents the results from this experiment. We plot the differences in country-level responses of consumption and inflation 
to union-wide demand and supply shocks under the expanded Taylor rule (𝜙𝑆𝐷 > 0) and for the baseline (𝜙𝑆𝐷 = 0). A positive 
response implies that the high-debt country reacts by more. For both demand and supply shocks, we see that when the central bank 
has synchronization concerns, euro-wide inflation rises by more while the spread in the consumption response is lower. Recall that 
changes in nominal interest rates transmit differentially across countries and generate cross-country dispersion in macroeconomic 
outcomes. The central bank that values cross-country synchronization is willing to permit higher inflation in response to the same 
shock. As a result, cross-border consumption inequality increases by less while aggregate inflation goes up by more. Thus, de-
synchronization of the monetary union can be potentially mitigated if the monetary authority—in the absence of fiscal or political 
coordination—cares about business-cycle synchronization explicitly.

We highlight two additional points with regards to our extended Taylor rule exercise. First, although our experiment is 
hypothetical in nature and departs from the practical central banking mandate of the ECB, unconventional Taylor rules have 
been studied extensively in the academic literature. For example, Cúrdia and Woodford (2010) and Boissay et al. (2021) analyze 
augmented Taylor rules that explicitly include credit spreads and financial-sector metrics, respectively. Second and finally, note 
that normative implications of our positive analysis are unclear. See, among others, Ferrero (2009) for the joint analysis of optimal 
monetary and fiscal policy in a currency union.

6. Conclusion

To study the role of fiscal integration in monetary unions we have developed a multi-country HANK model of a currency 
union with a single source of cross-country heterogeneity: fiscal space. Ex-ante differences in fiscal space—as proxied by legacy 
debt levels—can generate endogenous de-synchronization of economic activity in the union as local elasticities to aggregate 
shocks are not homogeneous and are driven by the domestic fiscal reaction. The central monetary authority faces a trade-off 
between synchronization of economic activity across member countries and stabilization of union-wide inflation. Deficit caps and 
homogeneous fiscal unions do not robustly relax this trade-off. A political union, on the other hand, can be effective at synchronizing 
economic activity but subject to important caveats such as sovereign default risk and moral hazard considerations, which we abstract 
from. Importantly, the political union exercise does not involve any systematic transfer from one country to another. In other words, 
net contributions to the union are zero on average, and no particular member of the union is forced to be a regular ‘‘donor’’ to the 
system. Finally, a central bank that follows an augmented Taylor rule with synchronization considerations can also successfully 
tackle the trade-off but subject to the practical questions regarding expanding the policy mandate.

Given the importance of differences in fiscal capacity for the heterogeneous pass-through of monetary policy, further exploring 
its effects on financial markets presents a fruitful area for future research. Another interesting area for future work involves the 
political economy of monetary and fiscal policies within a monetary union, especially in the context of member countries differing 
in their bargaining power.
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Fig. 10. Augmented Taylor rule with synchronization considerations.
Note: the left panels plot the difference in the consumption response between the two countries following demand and cost-push shocks, respectively, with 
persistence 0.85 and under different synchronization concerns 𝜙𝑆𝐷 . The right panels plot the union-wide inflation responses to the same shocks.
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