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Abstract

We study the propagation of unfunded fiscal shocks in a currency union. For a determi-
nate equilibrium, at most one fiscal authority can issue unfunded debt; we then accom-
modate multiple partially unfunded countries by introducing monetary-led and fiscal-
led parallel economies. Funded government spending shocks cause inflation to diverge
across countries, while unfunded shocks raise inflation union-wide, as the common
central bank accommodates fiscal inflation. Euro area local projections show that pos-
itive government spending shocks in France and Italy raise inflation abroad, while in
Germany they lower inflation abroad, consistent with French and Italian shocks be-
ing primarily unfunded and German shocks being primarily funded. A Bayesian-
estimated quantitative model confirms that unfunded fiscal shocks are a quantitatively
significant driver of euro area inflation dynamics. We recover the implied inflation tar-
get of the ECB, which averages near two percent over the sample but rose close to 2.5

percent during the post-pandemic episode due to fiscal pressures.
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1 Introduction

In the last 25 years, euro area countries have experienced episodes of large primary
deficits, as shown in Figure 1. The spikes in the primary deficit coincide with the fiscal
expansions during the financial crisis, the COVID-19 crisis, and the cost-of-living crisis
(roughly 2008, 2020-2021, and 2021-2023, respectively). The fiscal theory of the price
level distinguishes funded from unfunded fiscal expansions. In a closed economy, un-
funded expansions are inflationary: the central bank accommodates fiscal inflation to
satisfy the government’s intertemporal budget constraint. In this paper, we investigate
the propagation of unfunded fiscal shocks in the euro area and estimate the quantita-

tive importance of fiscal inflation of the last 25 years.

Figure 1: Primary deficit as % of GDP in the original euro area countries
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Notes: The original euro area countries are the member states of the euro area that adopted the euro on
January 1, 1999. We exclude Luxembourg and Finland for data availability reasons. Source: Eurostat.

The first contribution of this paper is to document price level determinacy and the
propagation of funded and unfunded shocks in a currency union. We develop a two-
country currency union model with bonds and goods trade, and show that for a de-
terminate equilibrium, at most one fiscal authority can issue unfunded debt. Building
on Bianchi, Faccini, and Melosi (2023), we introduce partially unfunded debt by de-
composing the economy into monetary-led and fiscal-led parallel economies. In the
model, funded and unfunded government spending shocks in country A have oppo-
site implications for inflation in country B. A funded government spending shock in A
raises demand for domestic goods but crowds out demand for foreign goods. Hence,
inflation in country A increases and in country B it decreases on impact. In contrast,



when the government spending shock in A is unfunded, inflation rates in both coun-
tries increase because the fiscal inflation spills over due to the absence of the central bank
response.

Second, we find new evidence on cross-country heterogeneity in fiscal spillovers
within the euro area, which, through the lens of the model, we interpret as coming
from different degrees of unfundedness. Using local projections and forecast-error
fiscal shocks following Auerbach and Gorodnichenko (2012, 2017), we find that in
2004-2025 government spending shocks in Germany lower inflation in other member
countries, whereas such shocks in France and Italy increase inflation in other member
countries. These results suggest that French and Italian government spending shocks
are primarily unfunded, whereas German ones are primarily funded.

Last, we develop a quantitative model extension with habit formation, non-tradables,
nominal rigidities, capital accumulation, and long-term bonds. We estimate the model
for Germany, France, and Italy each against the rest of the euro area. The historical
shock decomposition reveals that unfunded fiscal shocks are a quantitatively signif-
icant driver of euro area inflation, tracking the major shifts in fiscal stance: contrac-
tionary during the austerity phase of the sovereign debt crisis, and sharply expan-
sionary during the COVID pandemic and the subsequent energy crisis. We further
recover the model-implied inflation target of the ECB — the time-varying inflation ob-
jective driven by unfunded fiscal shocks — which exhibits persistent departures from
the ECB’s stated two percent mandate, peaking above 2.5 percent during the post-
pandemic episode.

Related literature. This paper addresses monetary—fiscal interactions in a currency
union and therefore bridges two strands of the literature: (i) price-level determinacy
and the interaction of monetary and fiscal policy, with Sargent and Wallace (1981),
Leeper (1991), Sims (1994), and Woodford (1994) as the pioneers, and (ii) monetary
and fiscal policy spillovers in a currency union. The empirical exercise also contributes
to the fiscal spillovers literature.

Price-level determinacy and monetary-fiscal interaction have been widely stud-
ied, with recent contributions by Cochrane (2021). Our model framework builds on
Bianchi, Faccini, and Melosi (2023) (BFM), which introduced a class of general equi-
librium models with partially unfunded debt. Among others, Beetsma and Jensen
(2005), Gali and Monacelli (2008), Ferrero (2009), and Hjortsoe (2016) study optimal
monetary—fiscal policy in a currency union during asymmetric shocks. More recently,
authors like Barbier-Gauchard and Betti (2021) study the spillover effects of fiscal pol-

icy in a monetary union.



Our paper lies at the intersection of those two strands of literature: we extend the
price determinacy literature to the currency union setting and allow for the analysis of
unfunded fiscal shocks. We derive the parameter space for a monetary-led regime and
a fiscal-led regime, and combine those as parallel economies following the approach of
Bianchi, Faccini, and Melosi (2023) for the closed economy. Bergin (2000) also exam-
ines price level determinacy in a currency union, but abstracts from goods and bond
trade and from the partially-unfunded debt framework of Bianchi, Faccini, and Melosi
(2023), both of which are central to our analysis. The funded vs. unfunded distinc-
tion determines the sign of cross-border inflation spillovers, which is a prediction ab-
sent from existing currency union models. The quantitative model further allows us to
identify episodes of fiscal inflation in the historical data and recover the time-varying in-
flation objective of the ECB implied by the fiscal positions of member states —a quantity
that is not directly observable from monetary policy decisions alone.

Fiscal policy spillovers are a growing strand of the literature, with contributors like
Goujard (2017), Debrun et al. (2021), Born, Miiller, and Pfeifer (2020), and Ascari et
al. (2024). Many study the channels of transmission — trade linkages, financial linkages,
or demand spillovers. Our paper links these spillovers and transmission channels to
whether fiscal shocks are funded or not, and uses a structural model to quantify the
contribution of unfunded fiscal shocks to observed euro area inflation dynamics over
the last 25 years.

The rest of the paper is organized as follows. Section 2 builds a stylized DSGE
model, documents the price-level determinacy conditions of a currency union, and
analyzes the propagation of funded and unfunded shocks. In section 3 we present
the empirical analysis and interpret the heterogeneous spillovers from fiscal shocks
through the lens of the model. In section 4 we estimate a quantitative model, identify
episodes of fiscal inflation in the historical data, and recover the model-implied ECB
inflation target. Concluding remarks are in Section 5.

2 Stylized model

In this section, we present a stylized model of a currency union and show that for a
determinate equilibrium, at most one fiscal authority in the union can pursue an active,
unfunded policy. To allow for partially unfunded debt, we follow the approach by
Bianchi, Faccini, and Melosi (2023) in which the economy is modelled as a mixture of
monetary-led and fiscal-led equilibria. Then, we analyze the propagation mechanisms
of funded and unfunded fiscal expansion shocks. The theory provides the structural
interpretation of the empirical findings in Section 3.



The stylized model considers a currency union of two countries, A and B, each with
a fixed endowment. The countries are inhabited by households who consume goods
from both countries with a home bias. Moreover, households in each country hold
bonds issued by the fiscal authority of both countries. The fiscal authority in each
country collects taxes and issues bonds, and the monetary authority targets an average
of the inflation rates in the two countries with an inflation-targeting rule. We allow for
partially unfunded debt as in Bianchi, Faccini, and Melosi (2023). Country B variables
are denoted with *, except for prices and the nominal interest rate which are the same

across the union. Equations are for the economy in country A unless otherwise stated.

2.1 Households

Households derive utility from a consumption bundle and receive an endowment Y.
They can smooth consumption by holding bonds issued in countries A and B, subject
to adjustment costs. They face the maximization problem:

max E Fn G4, 1
{Cf/BAi’/BBf} g tZ:(; ﬁ ! ( )
subject to:

PiCt + Bay + Bpy + Pt Ty

pyPiYbp —\2 (
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where f is the discount factor, C; is a bundle of consumption goods and P is its price,
defined as:
u/(p=1)
C; = [(1 - al)l/”(CAt)(P“l)/P‘ + a}/“(CBt)(”‘l)/“] , (3)
1— 1— 1/(1-w)
P, = [(1 —ap)P 4 a Pt , (4)

where Cy; is a good produced in country A, Cgs a good produced in country B, and
P4y and Pp; are their prices, respectively. aj is the share of imported goods and p is
the elasticity of substitution between domestic and imported goods. Ba; is nominal
holdings of bonds issued by the government in country A and Bg; is nominal holdings
of bonds issued by the government in country B, and R; is the gross nominal interest
rate in the currency union. We define real bond holdings (as shares of output) as
ba = % and bg; = %. Moreover, by = % and bg = I_If—; are steady-state real bond
holdings as shares of output. Households face adjustment cost ¢, for deviating foreign
bond holdings from steady state, but can trade domestic bonds without friction. T; are
real lump-sum net taxes.

The cost minimization problem for the consumption bundle results in the per-period
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relative demand between country A and country B goods, g—gt’ = 1a—f” (?—2;) , using de-
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mand equations Ca¢ = (1 — ay) (PP—Atf) Ct and Cp; = ag (PP—?) Ct. The intertemporal

optimization problem results in two Euler equations, one for each bond:

4 G
1= BR/E, ln”llml , (5)
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where I'l; = Py /P;_; is gross inflation.

We define the terms of trade as the relative price of the good produced in country

Dy
Pat*

B to the good produced in country A as Sy =

2.2 Fiscal authority
The fiscal authority of both countries issues bonds and collects taxes. The nominal
budget constraint for the fiscal authority is thus the following;:

B + PyT = Ry-1Bs1, (7)

where taxes T; coincide with the real primary surplus and B; is the supply of bonds.

The government follows a fiscal rule:

T s v
t =( b,t—l) €Ct, (8)

T Sp

where 7; = % is the surplus-to-output ratio and sy; = % is the real market value of
debt as a share of output. Parameter y determines how strongly the government adjusts
primary surpluses with debt levels. ; is a lump-sum tax shock, following an AR(1)
process. In Section 2.6 we explain how we introduce partially unfunded government
debt.

2.3 Monetary authority

The central bank of the currency union follows a simple inflation-targeting rule:
¢

, (9)

R _ (™

R
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where ITMY = Ht@)l_[jl"@ = (%) (P—t) is gross union-wide inflation. Parameter
- t-1

¢ determines how strongly the central bank adjusts nominal interest rate with inflation
movements.



2.4 Equilibrium

The equilibrium of this economy is characterized by a sequence of prices {Pa:, Ppt, R¢}
and allocations {C 4, Cpt, C%;r Cyyr Bat, Bt, B, B*Bt} such that goods markets clear for
the goods produced in countries A and B, and the bond markets clear for bonds sup-
plied by fiscal authorities in both countries.

The goods market clearing conditions for countries A and B are the following:
Y =Cat +C,, Y* = Cp + Cy,. (10)

The bond markets clear when the supply of bonds in countries A and B matches de-
mand:
Bi = Bat + B}, B; = Bpt + By,. (11)

Finally, we can express the dynamics of net foreign assets in country A with the current
account definition:

P,Yb —\2
%(b&—blg) . (12)

We linearize the relevant equilibrium conditions, such that the hatted variables are log-

CA; = PyY — PyCy = Bt — th — R (BB,t—l - qu/t_l) -

deviations from the steady state values. See Appendix B for the full set of equilibrium

conditions.

2.5 Existence and uniqueness of a solution

Leeper (1991) shows that for closed economy versions of such models, there are two
regions of the parameter space that deliver existence and uniqueness of a stationary
solution. In the first region monetary policy is active and stabilizes inflation, and the
fiscal authority keeps debt on a stable path: active monetary policy and passive fiscal
policy. In the second region fiscal policy does not commit to a stable path of debt,
such that monetary policy accommodates inflation driven by fiscal imbalances: passive
monetary policy and active fiscal policy. We extend the logic to the currency union and
characterize the determinacy regions of the general currency union model.

To characterize determinacy, we first derive the monetary and the fiscal block of the
economy. For the monetary block we combine the Fisher equation with the monetary
rule followed by the central bank, eq. (9). For the fiscal block, we combine the govern-
ment budget constraints with the fiscal rules from each country, eq. (8) (in country A)
and its counterpart (in country B).

We obtain the Fisher equation by adding the Euler equation of country A with re-

*

At’
the goods market clearing conditions (10). We use the log-linearized versions of the

spectto bat, eq. (5), to the Euler equation of country B with respect to b ,, and applying



equations from Appendix B:

Iy = By — @y, Ybpbg — (1 - @)wbyaégt (13)

t+1
The equation links the nominal interest rate to the expected inflation and portfolio ad-

justment costs. Combining the Fisher equation with the log-linear monetary rule,

ir = prMY, (14)
leads to the monetary block of the currency union:
E MY = paMY, (15)

for which we apply the no arbitrage conditions bp; = 0 and 132 ; = 0. The coefficient in
the monetary rule, ¢, determines the eigenvalue in the monetary block. For the fiscal

block, we combine the log-linear government budget constraints of country A and B,
1

Spt = 8 (85,021 + fi-1 — 7ir — (1 = B)4], (16)
Ak 1 A% 0 A% A%
i =5 [ + B = A - -t (17)
with fiscal rules of each country,
T = ¥8pt-1, (18)
T =78, 1 (19)
The fiscal block of the currency union consists of two equations:
A 1 A 2 .
Spr = 8 [(1=(1=B)y)3pe-1 + -1 — e, (20)
A% 1 *\ A% 0 A%
= [(1 — (L= BIYEy + i nt] , (21)

for which y and y*, the debt stabilization parameters, determine the eigenvalues. Equa-
tions (15), (20), and (21) describe the currency union model.

Proposition 1 (Determinacy regions of the currency union). Consider a currency union
with two endowment economies and cross-border bond holdings subject to portfolio adjustment
costs, characterized by the monetary block (15) and the fiscal block (20) and (21). The eigen-
values of this system are:
1-(-py  _1-0-py’
’ 3 = —.
p p

For existence and uniqueness of a bounded rational-expectations equilibrium (Blanchard-Kahn

M=¢, A= (22)

conditions), exactly one eigenvalue must be outside the unit circle. The three determinate
regimes are:



Regime ¢ y y* Interpretation

Monetary-led  >1 >1 >1 CB controls m; both govts fund debt
Fiscal-ledby A <1 <1 >1 Govt A: unfunded; CB accommodates
Fiscal-ledby B <1 >1 <1 GovtB: unfunded; CB accommodates

When two or more eigenvalues are outside the unit circle, the equilibrium is non-existent. When
no eigenvalues are outside the unit circle, the equilibrium is indeterminate.

Proof. Step 1: Eigenvalues. The system consists of three independent difference equa-
tions for ﬁiwu, Spt, and §; , yielding eigenvalues as in eq. (22). Note that [A;| > 1if and
only if y < 1 and analogously for Az: |A;| > 1 requires ‘ﬁ| > 1. Since g € (0,1)
and y > 0, we have a positive numerator 1 — (1 — )y > 0 for y < 1/(1 — B). So, the
condition is 1 — (1 — )y > B, which requires y < 1.

Step 2: Blanchard-Kahn conditions. The system has one non-predetermined (forward-
looking, jump) variable, zMY, and two predetermined (backward-looking, state) vari-

b,t-1°
ues outside the unit circle to equal the number of non-predetermined variables, which

ables, 5, ;—1 and § The Blanchard-Kahn conditions require the number of eigenval-

is one.

Step 3: Determinate regimes.

1. Monetary-led: ¢ > 1,y > 1, and y* > 1, for which A; is the unstable eigen-
value outside the unit circle. The central bank reacts more than one-to-one to in-
flation, pinning down inflation expectations. Both fiscal authorities adjust taxes
with debt changes, stabilizing debt. Tax adjustments to debt changes are suffi-
ciently large that the fiscal authorities stabilize demand by signaling that higher
debt levels are matched by future taxation. In a monetary-led economy, monetary

policy is active and fiscal policy in both countries is passive.

2. Fiscal-led by A: ¢ < 1,y < 1, and y* > 1, for which A, is the unstable eigen-
value outside the unit circle. Country A’s fiscal authority does not stabilize debt,
generating an explosive path for 5j; that is resolved by inflation through the in-
tertemporal government budget constraint. The central bank accommodates this
fiscal-led inflation. Country B’s authority stabilizes debt. In this fiscal-led econ-
omy, monetary policy is passive, fiscal policy in country A is active, and fiscal pol-
icy in country B is passive.

3. Fiscal-led by B: By symmetry with the regime fiscal-led by A, interchanging y
and y”~.



Step 4: Indeterminate and non-existent equilibria. A system with two or more eigenvalues
outside the unit circle is over-determined: no bounded equilibrium exists. A system
with zero eigenvalues outside the unit circle is indeterminate: multiple bounded equi-

libria (sunspot equilibria) exist. m|

Corollary 1 (At most one active authority in a currency union of N countries). With N
fiscal authorities and one central bank, at most one fiscal authority can issue unfunded debt by
setting vy < 1 while maintaining a determinate equilibrium.

Proof. With N fiscal authorities and one central bank, there are N fiscal eigenvalues
and one monetary eigenvalue, but still only one non-predetermined variable, AMY,
the aggregate inflation rate of the currency union. Hence, at most one of the N + 1
eigenvalues can be outside the unit circle, implying at most one fiscal authority can

have y < 1. O

2.6 Introducing partially unfunded debt

This section explains how we model the monetary-led and fiscal-led economy in the
above section in one economy, allowing for debt to be partially unfunded. We follow

the framework developed by BFM but extend it to a currency union setting: we keep

F
bt’

total government debt, s;;. The superscript F denotes that the variable is fiscal-led. To

track of unfunded government debt in country A, s;,, which is a component of the
implement an economy in which country A holds unfunded debt, i.e. the fiscal-led

economy, we decompose each variable in the monetary rule and fiscal rules as follows:
M F

. s vY(GF 14
Fiscalrule A = = Z’t_l) (ﬁ) o', (23)
T S Sp
bt-1
* VM* Fx VF*
. T, Spi-1 S5pt-1
Fiscal rule B ==\ — , (24)
T Sl’),*i’—l Sb
¢ oF IRV R B
M Ry |[[1L; HtF IT, 1_ItF
onetary rule ==||=F — = — , (25)
R IT; IT IT, IT

for which superscripts M and M* denote monetary-led variables and parameters, and
F and F~ the fiscal-led ones. In the fiscal-led part of the economy, country A’s gov-

ernment is not committed to bring debt to a stable path: yf < 1. In contrast, country

Fx
bt’

holds unfunded debt in this economy: »f* > 1. The monetary authority accommodates
fiscal-led inflation rates, Hf and Hf *, with qu < 1and qu * < 1. The remaining part
of the economy is monetary-led, so that both countries are on a debt stabilizing path,

B’s government stabilizes debt in the fiscal-led economy, s; *, because only country A

9



yM > 1 and yM* > 1, and the central bank reacts more than one-to-one to inflation
(pM > 1 and cpM* > 1. CiVI is monetary-led, hence the funded fiscal shock and Cf is the
fiscal-led, unfunded fiscal shock in country A. Because of symmetry, we do not present
the shocks in country B in the stylized model.

To characterize the determinacy of the model, we construct the monetary block and
the fiscal block of the economy, as in the previous section. We linearize the above three

equations to obtain:
T (§b,t_1 _sf t_l) Rl v+ (26)
B =M (3,0 - 85 )+t (27)
=0 oM (A - ) + oFRE| + (1-©) oM (R - Af ) + P AT (28)
Substituting the linear monetary rule that allows for inflation coming from unfunded

debt, equation (28), into the Fisher equation (15), we obtain the monetary block of this

economy:

B = pMAMU + 0 (¢F - M) Af + (1 - ©) (pF - o) A"

_ . . (29)
—OyYbpbp: — (1 = O)PpYbyby,,

where we use pM* = M. Similarly to the closed-economy case, the parameter on the

monetary rule, ™, determines the eigenvalue in the monetary block. For the fiscal

block, we substitute the two fiscal rules allowing for unfunded debt, equations (26)

and (27), into the government budget constraints (16) and ( 17):

§bt—l (1_(1_5))/ )Sbt1+(1 5)7/ btl (30)
Bl =pfsy, +ia - R - (=B (G + )|

. l|a-a-pyMys; + (- ﬁ)VMMz];:*t 1

Sbt = E _(1 ﬁ)yp*sbt ) + Zt—l _ . (31)

Again, the debt stabilization parameters ™ and y™* characterize the eigenvalues of
the fiscal block.

To close the model, we need to pin down the dynamics of fiscal-led inflation 7t} and
ﬁf * and the fiscal-led government debt §£ ; and § 5 t* . To do so, as in BEFM, we construct a
shadow economy which keeps track of the fiscal-led variables. The monetary block of

this shadow economy is:

EAMUF = oFaAMUF _ @y Ybgbh, — (1 - @)y YD AbY;. (32)

obtained by aggregating the monetary block in each country:
t+1 qf; lpbYEBl;gt' (33)
Afil oAl — BB, (34)

10



and using ¢f = ¢*. This parameter governs how the central bank reacts to fiscal-led
inflation and determines the eigenvalue of the monetary block in the shadow economy.
The fiscal block of the shadow economy is characterized by the government budget
constraints combined with the fiscal rules:

s, = ; op vl - AE-a-pt], (35)
= (e i Al -] (36)
where
i =8, 0+, (37)
t=r 8 (38)

*F

and where 7;_, is the part of the nominal interest rate that responds to fiscal-led in-

flation. Following the monetary rule (28), this component can be written as zA'tF =
O¢pF AL + (1 - ©)¢pF*Al*. The debt stabilization parameters, yf and yf* determine the
eigenvalues in the fiscal block of the shadow economy.

The equations that characterize the currency union model with partially unfunded
debt are: the monetary and fiscal block of the actual economy, (29)—(31) and the mon-
etary and fiscal block of the fiscal-led, shadow economy, (32), (35), and (36). There

AMU and nMu

are two non-predetermined variables, 7, and two eigenvalues outside
the unit circle in equations (29) and (35) such that Blanchard-Kahn conditions are sat-
isfied and there is a unique and stable equilibrium.

As in BFM, we exploit the linearity of the model to prove that the non- fiscal led

components of inflation and debt —so ﬁfw =Tty — ﬁF nM* =7 —nf*, Ai)\f = Spr — bt’ and
§é\f* =5, 55 [ —are indeed the inflation and debt of a fully monetary-led economy. See

Appendix C for details.

2.7 Calibration

The calibration of the stylized model is straightforward and follows the literature. A
summary of the calibration of the quantitative model is in Table 1, which includes pa-
rameters from the stylized model. The discount factor § is 0.99, the degree of trade
openness a; is 0.25 to allow for home bias according to Eurostat (2023), and the elas-
ticity of substitution between goods produced in country A and B 1 is 1. The countries
are of equal size, which means that ® = 0.5. All shocks have a persistence of 0.5.

Debt adjustment cost 1, is 0.001. We calibrate the steady-state real market value of
debt as share of output, 5, as 0.80, which is the average debt-to-GDP ratio of France

and Germany for the period 2004-2024, the main countries and period we focus on in

11



the empirical section that follows (Eurostat Data, 2025). The countries are symmetric
such that the net foreign asset position is 0 in steady state.

We follow BFM for the parameters specific to the model with partially unfunded
debt. The weight on the monetary-led part of inflation, pM = ¢M* = 2, whereas the
central bank disregards the fiscal-led part of inflation, ¢ = ¢ = 0. The fiscal gov-
ernments stabilize the monetary-led part of government debt with ™ = yM* = 20 and
disregard the fiscal-led part of debt with yf = y* = 0.

Time-varying inflation and debt target With this calibration, the linear fiscal and
monetary rules from eqs (26)—(28) simplify to:

2 =yM (éb,t_l - §§,t_1) + M+ (39)
T = VM*§Z,t—1' (40)
i :@[¢M (ﬁt—ﬁf)] +(1-0) [¢M* (ﬁ;—ﬁf*)]. (41)

ft! is the fiscal inflation arising from issuance of unfunded debt §£ ;- S0, the Taylor rule
targets inflation deviations from this time-varying inflation target, which is fiscal infla-

tion. Similarly, the fiscal rule in A targets debt deviations from their unfunded share of
debt.

2.8 Results

The results of the stylized model provide intuition on how funded and unfunded fiscal
shocks propagate through a currency union and generate testable predictions for the
empirical analysis that follows. We perform the quantitative exercises, including model
estimation and historical shock decompositions in the next Section 4.

First, we consider the results for a lump-sum tax shock, or a shock to the primary
surplus, in country A. The results are in Figure 2. The top row shows the results for
a funded tax shock, whereas the bottom row shows those for an unfunded tax shock.
The funded 1% decline in taxes is followed by an increase in future taxes. Hence, debt
increases temporarily. Households anticipate the future tax increase, so demand, and
also prices, are unchanged. Therefore, the shock does not spill over to the country B
economy.

In contrast, the unfunded 1% decline in taxes is not followed by an increase in fu-
ture taxes. The intertemporal government budget constraint requires the real value of

debt to decrease, achieved by an increase in domestic inflation.! Inflation in country

1. The intertemporal government budget constraint states that the real market value of outstanding
debt must equal the present discounted value of future primary surpluses: BI’,—;l =E; Z;'io B/ Tisj-

12



Figure 2: Impulse responses to funded and unfunded tax shocks in country A

Inflation Real rate Government debt Prim. surplus/taxes
0.01 0.01 0
- 0.01 i
£
S 0r-= 0
e 0.005 -0.5
-0.01 -0.01 0 -1
0 4 8 12 0 4 8 12 16 0 4 12 16 0 4 8 12 16
0 0 - 0-
2 0.06 -0.02 .
< .
£ 0.04 -0.04 -0.01 + 0.5
5 0.02 -0.06 /
0 0.024 -1

0 4 8 12 16 0 4 8 12 16 0 4 8 12 16 0
‘—Country A - - -Country a

Notes: Impulse responses to a 1% decline in primary surplus/taxes in country A. The funded shock (top
row), i.e. monetary-led, is a shock to wa , and the unfunded shock (bottom row) is a shock to Cf , both
with persistence 0.5. The two countries are of equal size. The y-axis is in terms of percentage deviations
from steady state. The x-axis is in quarters. Inflation and interest rates are annualized.

B rises by the same amount as in country A, because in the flexible-price endowment
economy the terms of trade are pinned by real fundamentals only, forcing the nominal
price levels of both goods to move proportionally. The real value of debt in country
B decreases more than in country A: although inflation is identical in both countries,
country A issues additional nominal bonds to finance the tax cut, partially cushion-
ing its real-debt decline, whereas country B’s nominal debt expands only through the
smaller passive fiscal response. The monetary authority does not react to inflation fol-
lowing an unfunded shock — fiscal inflation — that raises the inflation target in the
Taylor rule. Hence, the ex-post real rate declines in both countries.” This is consistent
with BFM’s closed-economy finding that the real interest rate responds negatively to
unfunded fiscal shocks.

Second, we analyze the results for a government spending shock. Government
spending enters the model via the government budget constraint and the goods market
clearing.® The results are in Figure 3. The funded increase in A’s government spend-
ing, followed by a future decline, increases government debt in country A. Since gov-
ernment spending absorbs country A’s goods, a funded spending shock creates a real

2. We define the real interest rate as #; = i; — #t; (Appendix B, eq. (B.19)), matching the empirical
definition in Section 3. With flexible prices, inflation adjusts within the period, so this contemporaneous
measure is the economically relevant one here.

3. We modify the government budget constraint and the goods market clearing condition for country
A as follows and do similarly to country B. We assume the steady state government spending-to-GDP
ratio to be 0.2.

By + PyT; = Ry_1Bi—1 + G4
Y:CAt""Czt‘i‘Gt

(42)
(43)
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Figure 3: Impulse responses to funded and unfunded government spending shocks in
country A

Inflation 0.9 Real rate Government debt Govt. spending Terms of trade
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Notes: Impulse responses to a 1% increase in government spending in country A. The funded shock
(top row), i.e. monetary-led, and the unfunded shock (bottom row), i.e. fiscal-led, are both with
persistence 0.5. The two countries are of equal size. The y-axis is in terms of percentage deviations from
steady state. The x-axis is in quarters. Inflation and interest rates are annualized.

demand effect, in contrast to the fully Ricardian funded tax shock. Inflation in coun-
try A rises on impact because of the increase in government spending, and the terms
of trade appreciate. Since government spending crowds out consumption in country
A, demand for country B’s goods declines as well, decreasing inflation in B on im-
pact. Hence, inflation rates diverge after a funded government spending shock. After
the initial period of the shock, the increase in government debt triggers an increase in
lump-sum taxes, since the fiscal rule is passive. So, demand falls and inflation in coun-
try A turns negative. Since the central bank targets an average of the inflation rates, the
nominal rate remains constant, such that the monetary policy stance is expansionary
for country A and contractionary for country B on impact.

After an unfunded government spending shock in country A, domestic inflation
increases and the real value of debt decreases, so that the government budget constraint
holds. The terms of trade appreciate. In country B, the terms of trade depreciate and
the imported good becomes relatively more expensive. Hence, inflation increases in
country B and decreases the real value of debt on impact. The passive fiscal rule in
B reduces taxes as the real value of debt falls below steady state. The reduction in
taxes additionally stimulates domestic demand, further amplifying inflation in country
B. Since the monetary authority does not react to fiscal inflation, the real rate in both
countries declines. So, after an unfunded shock in country A, inflation in both countries
increases while the real rate declines.

So, under a funded government spending shock in country A, we see that infla-
tion rates diverge within the currency union, whereas under an unfunded govern-
ment spending shock, the inflation rates both increase. The model thus delivers a
testable prediction: funded government spending shocks generate negative spillover
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inflation, while unfunded shocks generate positive spillover inflation across the union.
We test this prediction in Section 3 and find that the propagation of German govern-
ment spending shocks is qualitatively similar to that of a funded shock, whereas the
propagation of French and Italian shocks is similar to that of unfunded shocks. In Sec-
tion 4 we build and estimate a medium-scale DSGE model to quantify the mix of funded
and unfunded shocks in those countries and explain the different inflation spillovers
through those shocks.

3 Empirical analysis

The stylized model predicts that funded government spending shocks generate diver-
gent inflation responses across currency union members, while unfunded shocks cause
inflation to co-move. We test these predictions using local projections a la Jorda (2005)
and forecast-error fiscal shocks for Germany, France, and Italy—the three largest euro
area economies. We establish two facts: fiscal expansions in France and Italy are in-
flationary in other euro area countries, while expansions in Germany are deflationary.
These results suggest that the central bank accommodates inflation from French and

Italian fiscal expansions (fiscal inflation), but not from German ones.

3.1 Methodology and data

Fiscal shocks. We construct fiscal shocks using the OECD Economic Outlook (OECD,
2025). The Economic Outlook, published twice a year, includes point forecasts of macroe-
conomic variables—including government spending—for the next few quarters. Asin
Auerbach and Gorodnichenko (2012, 2017) and Boehm (2020), we construct govern-
ment spending forecast errors as a share of GDP for each country.* We have quar-
terly data starting from Economic Outlook No 74 (December 2003), so our sample spans
2004Q1-2026Q1.

We use government consumption in volume (constant-price) terms and extract fore-
casts for Q1 and Q2 of each year from the second Economic Outlook of the previous
year, and for Q3 and Q4 from the first Economic Outlook of the same year. For ex-
ample, the 2016Q1-Q2 forecasts come from the second Economic Outlook of 2015. We
scale the forecasted growth rate by lagged GDP to obtain a government spending fore-

cast as a percentage of GDP. The forecast error FE;;_; is the realized minus forecasted

4. Staehr, Tkacevs, and Toiger (2026) apply the same forecast-error identification strategy to EU coun-
tries using European Commission (AMECO) primary balance forecast errors rather than OECD govern-
ment spending forecasts.
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government-spending growth rate (as a share of GDP), where realizations come from
the most recent Economic Outlook.

Even though FE;;_; is already the unpredictable innovation in government-spending
growth (as in Auerbach and Gorodnichenko (2017)), we further purge predictable
components by regressing it on lags of macroeconomic variables, using the residuals
as the fiscal shock. Appendix A shows all forecast errors in Figure A.1 and their corre-
lations in Table A.1. Purged government spending shocks are weakly positively corre-
lated with next-quarter debt/GDP growth (r = 0.10--0.21 across countries) as shown in
Figure A.2, consistent with spending expansions being partially debt-financed, though

the relationship is unsurprisingly noisy given the many other drivers of debt dynamics.

Otherdata. All control variables are publicly available at the OECD. The harmonized
inflation rate and the short-term nominal interest rate are expressed in annualized per-
centage points. The real rate is the difference between the nominal rate and inflation.
We focus on the original euro area countries to include countries that have shared a
central bank for the longest period.”

Local projection specification. We estimate three types of local projections: (i) country-
specific, for domestic inflation and real rate; (ii) spillover panel, for inflation and real
rate in other countries; and (iii) short-rate, for the union-wide nominal interest rate.

To allow for asymmetric fiscal transmission, we decompose the shock into a posi-

tive part shock , = max(shock, s, 0) (fiscal expansions) and a negative part shock, =

c,t
min(shock, ¢, 0) (fiscal contractions), and include both as separate regressors. We fo-
cus on the expansion coefficient ,8;“ ,» the contraction term enters as a control to ensure
B : , is identified from expansion variation only.
The country-specific specification (y is domestic inflation or the real rate) is:
3

Yei+h — Yot = ,B:hshock:/t + B, pshock, , + Z Ve, jXei—j + €ctvhs (44)
j=0
where ¢ € {Germany, France, Italy}. y. .5 is the inflation or real rate of country c at
time t + h. X ;-; includes the control variables: government spending growth, GDP
growth, inflation, and their lags.® We estimate (44) separately for domestic inflation
and real rate, up to h = 8 quarters ahead, with Newey-West HAC standard errors.

5. Austria, Belgium, Germany, Spain, France, Ireland, Italy, Netherlands, Portugal. We exclude Lux-
embourg and Finland for data availability reasons.

6. For the real rate local projections, we add the lags of the change of the real rate as controls. More-
over, we include euro area wide GDP and inflation, since those are naturally confounded with the euro
area wide short-term interest rate, included in constructing the dependent variable.
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The spillover specification estimates inflation and real rate in other euro area coun-

tries:

3
Yige +h = Yizet = P yshock?, + B shock, , + Z Vih,jXit-j + Qigc + Eizcprn,  (45)
j=0

where i ranges over all sample countries and ¢ € {Germany, France, Italy} is the source
country. The dependent variable and country fixed effects pertain to receiver countries
(i # c). Controls mirror the country-specific specification, augmented with contempo-
raneous and lagged euro area-wide inflation and GDP growth from both receiver and
source countries. Quarterly time fixed effects are excluded: the source-country shock
is identical across receiver countries and collinear with them. The spillover projections
use Driscoll-Kraay standard errors with GDP weights.

The short-rate specification replaces y.; with the euro area-wide short rate 7;:

3
. . + —_ -
i — i = ﬁ:f’hshockclt + B, yshock. , + Z Ve, jXet—j + Ectih- (46)
j=0

Controls additionally include contemporaneous and lagged euro area-wide inflation
and GDP growth, and lags of Ai;. The euro area short rate fell below zero in 2014Q2
(the ELB onset), so short-rate and real-rate projections use data up to 2014Q1.

3.2 Results

Figure 4 shows the effect of a fiscal expansion on (i) domestic inflation and (ii) other
countries’ inflation. Results for (iii) the short-term interest rate, (iv) domestic real rate,
and (v) other countries’ real rate are in Figure A.3. Column labels indicate the source
country.

Figure 4 shows the effect of fiscal expansions in Germany, France, and Italy on do-
mestic (top row) and other-country inflation (bottom row). On one hand, German ex-
pansions are significantly deflationary for other euro area countries. On the other hand
in France and Italy, fiscal expansions raise inflation abroad. Domestic results are not
significant since domestic specifications are single-country regressions with approxi-
mately 80 observations, whereas spillover results pool eight receiver countries into a
panel.

The more powerful spillover results admit a structural interpretation: French and
Italian expansions raise inflation in the rest of the euro area, consistent with fiscal infla-
tion from unfunded shocks and central bank accommodation. German expansions are
deflationary for the rest of the euro area, consistent with funded shocks. The local pro-
jections qualitatively match the spillovers from the previous section, albeit with more
persistence than the flexible-price stylized model results. Both France and Italy exhibit-
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Figure 4: Impulse responses to a 1 pp increase in govt spending (% of GDP)
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Notes: The own country and short rate local projections use Newey-West HAC standard errors. For
spillover effects to other countries, the results are pooled estimates from panel local projections with
Driscoll-Kraay standard errors and countries weighted by GDP. Shaded area shows 90% confidence in-
terval. Sample period is 2004Q1-2026Q1.

ing the signature of unfunded shocks is consistent with the theoretical determinacy
conditions in Section 2: the partially-unfunded-debt framework allows each country
to simultaneously carry some unfunded debt, as long as neither is fully fiscal-led.”
Appendix A reports robustness exercises. Figure A.4 uses 2 lags of controls instead
of 3. Figure A.5 repeats the exercise with unpurged shocks; Figure A.6 varies the stan-
dard error specification. Figure A.7 adds lags of fiscal shocks as controls; Figure A.8
adds contemporaneous weighted fiscal shocks of other countries and their lags. Fig-
ure A.9 removes within-semester reallocation variation from the forecast errors before
re-estimating.® All are consistent with the baseline. We also report local projections on

sovereign spreads in Figure A.10.

7. In Figure A.3, we show the responses of the nominal and the real rate to each of the fiscal expan-
sions. Since we limit the sample period to avoid the effective lower bound, 2004Q1-2014Q1, the results
do not bear significance.

8. For each country and semester (S1: Q1-Q2, S2: Q3-Q4), we compute the quarterly forecast error
as before, but replace each quarter’s error with the semester average of the two quarterly forecast errors.
This keeps the semester-level surprise in government spending but removes within-semester timing
reallocation (e.g., if spending was expected in Q3 but realized in Q4). We then apply the same purging
step and re-estimate all local projections with the same controls and horizons.
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4 Quantitative model

In this section, we build a medium-scale currency union model with partially unfunded
debt. The model features habit formation by households, production of tradable and
non-tradable goods with nominal rigidities, capital formation, and long-term bonds.
The model aims to capture euro area business cycles, enabling estimation of the unob-
served fiscal inflation. The Online Appendix contains a detailed derivation of the model.

Appendix D summarizes the model with the relevant log-linear model equations.

4.1 Households

Households derive utility from consumption C; and disutility from providing labor
L;. Internal consumption habits link utility to the household’s own previous-period
consumption. The per-period utility function is:

In (Ct - et —h (Ct_l - sfgl)) - L

1+yx ¢t

where § is the habit parameter, x the inverse-Frisch elasticity of labor supply, ¢

exp(et ), (47)

an 1ID labor supply shock, and ¢! is an IID forced-savings shock that enters inside
the habit term. Letting A; denote the marginal utility of current consumption, internal
habitimplies mrs; = At )(l ¢ +s . Asin Ferroni, Fisher, and Melosi (2024) and Cardani
etal. (2022), we use these two shocks to accommodate the COVID-19 pandemic period
(2020Q1-2021Q2) in the estimation.

Households derive income from renting out capital K; at rate Rx; to tradable goods
producers and exerting labor for wages W;. The price of a unit of capital is Q; and the
depreciation rate is 6. Households can invest in capital through perfectly competitive
capital producers. They can also save and smooth consumption through one-period
government bonds B; which are in zero net supply, and through long-term govern-
ment bonds from both country A, B4, and country B, Bg;, in nonzero net supply. The
one-period bonds pay interest rate R; which is set by the central bank. We follow Wood-
ford (2001) and model long-term bonds as a perpetuity with geometrically declining
coupons with average maturity of (1 — p)~! quarters, where p € [0,1] is a constant
rate of decay. Households can purchase the long-term bonds from country A and B at
price PF and P! respectively. Arbitrage conditions determine the price of these bonds,

together with country specific risk premium shocks &;" ;- and &, Las

P

t+1
t+1e = I

L
Pt

1+ pPt

R; = E,RL eft, (48)
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and

rp*

1+pPE | .
SR (49)

_ Lx* érp* — t+1
Rt = EthHe L= Et PL*
t

The per-period household budget constraint is:

Pi(1 + tct)Ct + QiK; + PEBa; + PH* By + By
= Wi(1 = t0¢)Ls + PrZs + [RKt(l — )ikt — a(uke) + Qi(1 — 5)] Ki-1 + Ri-1Bi1

+ (14 pPE) Basr + (14 pPE) Bgos - % (bme - EB)Z, (50)

where Z; are lump-sum transfers from the government and 7¢¢, 71+, and 7x; are con-
sumption tax, labor income tax, and capital income tax, respectively. uk; is the capital
utilization rate and a(uk;) the resource cost. As in the stylized model, domestic long-
term bond holdings are frictionless while foreign long-term bond holdings are subject
to a quadratic adjustment cost around their steady state.

C; is a constant elasticity of substitution (CES) aggregate of tradable goods Cr; and
non-tradable goods Cn;, and P; is the price of the aggregate bundle:

pn/(un—1)
Cr = | (1= an )i (Crg) vy a1 (Cg i | s)
] M0
Pr= |- anp ™ anpy (52)

where C1; and Cyn; are consumption of tradable and non-tradable goods, respectively,
and Pr; and Py; their prices. ay is the share of non-tradable goods in the consumption
basket and uy the elasticity of substitution between tradable and non-tradable goods.
The tradable bundle Cr; and its price Pr; correspond to the consumption good and its
price in the stylized model.

4.2 Wage setting

We introduce differentiated labor and wage rigidities as in Christiano, Eichenbaum,
and Evans (2005). We assume that each household supplies a unique labor type L¢(I) at

nominal wage W;(I), where I € [0, 1]. A labor union then transforms the differentiated

labor outputs into aggregate labor L; using a CES aggregator, L; = ( /01 L:(1) e l) m,
where €, is the elasticity of substitution across labor types.

With probability (1 — 0y), each labor type can reset its wage each period. When
the labor type is not re-optimizing its wage, the wage evolves via the following index-
ation, Wi(I) = Wt_l(l)I'Iffl, where I1; is gross price inflation and x, € [0, 1] the degree
of wage indexation. When the labor type is re-optimizing its wage, it maximizes ex-
pected household utility, E; 357 (864)°[In Cffs — Lyys(DX exp(efﬂrs)/(l + x)], taking
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into account labor type demand, wage indexation, the household budget constraint,
and the associated marginal utility A;.s. Thus the wage objective uses actual effective
consumption, Cfﬁ =Ct — 8§C - h(Ci—q - effl), rather than an unadjusted consumption
proxy. The first-order condition, after applying the symmetry condition W;(l) = W;
and log-linearizing, gives the standard wage Phillips Curve:

TL
1-71

AT _ N7 A — ~real
7t = BT + Xw -1 + Ko (mrst - w,; ) — Kuw

Toe +u,’, (53)

1_910 1- Gw
where Ko = : 610(1)'("610‘8)() :
baum, and Evans (2005), we set the gross desired wage markup to 1.05, which implies

€w = 1.05/(1.05 — 1) = 21. Its country-B analogue enters «}, = (1;;‘5(;1)4{—:(5(%)'

and 1, isa wage markup shock. Following Christiano, Eichen-

4.3 Firms
4.3.1 Capital producers

Capital producers transform final goods into investment subject to adjustment costs as
in Christiano, Eichenbaum, and Evans (2005). The optimization problem for the capital

2
producers is max;, It Ztoio At 111 th -1- % (I—f - ) ] I;, where At 41 = PArs1/Ar is

I
the stochastic discount factor and ¢; the investment adjustment cost. Investment turns
into capital K;, which evolves according to the law of motion Ky = (1 — 8)K;_1 + I;. We

assume that capital is only used in the tradable sector.

4.3.2 Final goods producers

Final goods producers aggregate differentiated intermediate goods from monopolisti-
cally competitive firms in both the tradable and non-tradable goods sector, using a CES
aggregator: Yr; = (fol YTt(i)%di)E and Yy; = (/01 YNt(j)%dj) " wherei € [0, 1] rep-

resents the continuum of firms in the tradable goods sector, producing goods Yr(i),

€ _
e

and j € [0,1] the continuum of firms in the non-tradable sector, producing goods
Ynit(i). € is the elasticity of substitution between the differentiated goods.

4.3.3 Tradable goods producers

There is a continuum of tradable goods firms i € [0, 1] who produce differentiated
intermediate inputs Yr¢(7) for the final goods producer using the following produc-
tion technology: Y1+(i) = ATt(thKt_l(i))“LTt(i)l_“, where « is the output elasticity of
capital. Cost minimization implies Rx; = aMCr:Yr:/(uk:K¢-1), while the household’s
utilization choice satisfies (1 — 7x¢)Rx¢ = a’(ukt). Are is the labor augmenting tech-

nology and follows an AR(1) process. The firms are under monopolistic competition
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and are subject to Calvo (1983) price rigidities. Hence, the optimization problem of the

firm is:

S Pa(i) . .
E 03 A - MC Y , 54
PA,(i),r{lT?é‘(),Kt(i) 0 SZ:;) AV S| l(PA,Hs t+s (1) | Y7, 145(7) (54)

subject to the production function and the demand for differentiated tradable goods.
(1 — Or) is the fraction of firms that can set their price in each period and MC;(i) is the
real marginal cost for firm i. After applying the symmetry conditions P4;(i) = P4; and
MC;(i) = MC; and log-linearizing, the optimization problem gives rise to the standard
New Keynesian Phillips Curve (NKPC):

A — A T
flar = xrmers + PEifta 1 + u, (55)

1-67)(1-67) — N A . . .
where k1 = %, mcry = w;e”l + Itt — U1t is the log-linear real marginal cost of

the firm, and u! is a tradable goods markup shock.

4.3.4 Non-tradable goods producers

There is a continuum of non-tradable firms j € [0, 1] producing differentiated inter-
mediate inputs Yy(j) for the final goods producer. In contrast to the tradable goods
producers, they only use labor as a production input: Yn:(j) = AntLne( j)l‘“. ANy is the
labor augmenting technology and follows an AR(1) process. Like tradable firms, non-
tradable producers face monopolistic competition with Calvo (1983) price rigidities;
the labor demand and NKPC are analogous.

4.4 Monetary authority

The monetary policy rule responds to the GDP-weighted union inflation gap and is

augmented relative to the stylized model with a transitory monetary policy shock ¢}":
i = priioa + (1= pp (MY — MU e, (56)

where p, governs interest-rate smoothing, ﬁi\/f U=0n, +(1 —@)ﬁ’te is union CPl inflation,
and ntF’M U= @ni (1= @)ng*t is the union inflation target.”

9. In ongoing work, we additionally subject the nominal interest rate to an effective lower bound
(ELB), implemented as an occasionally binding constraint using the piecewise-linear method of Guer-
rieri and lacoviello (2015). When the ELB binds, the interest rate is fixed at the lower bound and the
monetary policy shock innovation is shut down.
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4.5 Fiscal authority

Assuming a zero net supply of one-period government bonds, the nominal government

budget constraint is:
PFBas + T R ke Kio1 + TrsWiLy + T PrCr = (1 + thL) Bajs-1+PiGy + PiZs. (57)

The government raises revenue through distortionary taxes on capital income at rate
k¢, labor income at rate 77, and consumption at rate 7¢c; = 7¢ (held constant), to-
gether with lump-sum transfers Z;. The steady-state tax rates are calibrated to euro
area averages: Tx = 0.25, T, = 0.38, and 7¢ = 0.20. The fiscal authority adjusts distor-
tionary taxes, government spending-to-output g; = G;/Y;, and lump-sum transfers-to-
output z; = Z;/Y; in response to the lagged debt gap:

Tke = pxlx-1 + (1= pr)yk (§b,t-1 - S,f/A/t) / (58)
Tt = prire-1+ (1= prL)yr (§b,t—1 - Sl};,A,t) , (59)
= ngt—l -(1- Pg)Vg (§b,t—1 - SflA/t) + é‘tg, (60)
N . R . 1
2t = pzZi-1 = (1 - p2) [7/2 (Sb,t—l - slf,A,t) + ¢zyyf] + ﬁCtz (61)

where px are persistence parameters and yx the debt feedback coefficients on the debt-

: _ PBas F o _  F u
to-GDP ratio sp; = Y The debt target evolves as Spar = PsSy a1 T Eqyp and the
starred country-B rules use their corresponding starred parameters and target sg e

As in Bianchi, Faccini, and Melosi (2023), transfers also respond to output fluctuations,

and (; is the funded transfer disturbance.

Relationship to the stylized decomposition. The estimated quantitative model is
a single floating-target economy rather than an explicit ML-FLA-FLB superposition.
The debt targets summarize the fiscal-led debt component from the stylized decompo-
sition, while the inflation targets enter the single union Taylor rule directly. The FLA
and FLB labels therefore do not denote separately solved economies in the estimated
model.

4.6 Equilibrium

The equilibrium of this economy is characterized by a sequence of prices

{PAt/ PBt/PNt/P;\]tI Wt/ Wt*’ Rt’RKt’ R}t} 4

23



and allocations
{YTi’/ Y’;’t! YNt/ Y;[tl Ki’/ K:/ UKt , y*Ktl It/ I;/ Gt/ G:/ CTl’/ C;"tl CNi’/ C;\]t/ LTt/ L*Tt/ LNt/ L*Nt/
BAt/ BBtl qutl BE,}} ’

such that goods, labor, and bond markets clear. We express the dynamics of net foreign

assets in country A with the current account definition:

yP;Y;bg _\2 P 1 2
CAt EPAtYTt - PTtCTt — lp% (bBt — bB) — PAtIt 1+ lp? (ﬁ - 1) - PAth - PAta((uKt)Kt—l
= By = By, — Rit By = B, ) (62)

4.7 Estimation

We discipline the structural parameters through Bayesian estimation of the two-country
model and obtain the posterior by combining priors with the likelihood function, eval-
uated via the Kalman filter. We estimate the model separately for each country pair,
with country A being either France, Germany, or Italy, and country B being the GDP-
weighted aggregate of the remaining euro area countries. The Online Appendix con-

tains more details about the estimation.

Fiscal economy estimation strategy. We follow Guo, Han, and Smit (2026) and es-
timate time-varying inflation targets and unfunded debt targets. The monetary rule
responds to country inflation-target gaps, while each fiscal rule responds to its country-
specific debt-target gap. A single unfunded shock egt drives both targets simultane-
ously: slf’c,t = pssl’zc,t_1 + egt and ch/t = (ppnf,t_l + Pru egt, where Guo, Han, and Smit
(2026) analytically derive ps; and ¢r; we use their solutions, which are isomorphic to
the shadow economy but substantially reduce the computational burden. The shock
thus relaxes the debt-target gap that fiscal rules respond to and simultaneously raises
the central bank’s inflation target, so the monetary rule accommodates higher inflation.
We calibrate ¢, = 0.10 following Guo, Han, and Smit (2026). See Appendix D and
the Online Appendix for details.

Data and shocks. We use the publicly available large datasets for the euro area, col-
lected by Barigozzi, Lissona, and Tonni (2025), for 2000Q1-2025Q3. For each country
pair, we construct 21 observables: ten per region (real consumption, real government
spending, real investment, hours, real GDP, and gross debt-to-GDP in growth rates,
wage and CPI inflation, the long-term interest rate, and transfers growth) plus one

shared short-term interest rate. We construct the data for transfers ourselves with data
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from Eurostat, similarly to Bianchi, Faccini, and Melosi (2023). See the Online Ap-
pendix for details.

The shocks we introduce into our model for the estimation are: technology (trad-
able and non-tradable), monetary policy, funded fiscal disturbances, unfunded fiscal
disturbances, risk premia, preferences, price markups (tradable and non-tradable),
wage markups, investment, and government spending. We add measurement errors
for investments, consumption, hours, wages, output, debt, government spending, the

long-term interest rate, the short-term interest rate, and transfers in each region.

Priors. Table 1 shows the parameters that are fixed in the estimation. These are matched
to data or standard literature values. The discount factor g = 0.99 implies a 4% steady-
state annualized real rate. Baseline trade openness a; = 0.25 matches the euro area
import share (Eurostat, 2023). The country-specific import shares are af =2(1-0)a;g
and af = 20aj; this adjustment preserves balanced bilateral trade and reduces to a;
when © = 1/2. The non-tradable consumption share an = 0.6 and the tradable-non-
tradable elasticity uy = 1 follow the literature. The relative country size ® equals
country A’s GDP share in the estimation sample. Habit persistence 1 = 0.70 follows
the literature.

Capital depreciates at 6 = 0.025 following Christiano, Eichenbaum, and Evans
(2005). The output elasticity of capital @ = 0.40 and investment adjustment cost ¢ =
2.00 follow the literature. The rate of decay pt = 0.975 matches EMU data, imply-
ing 10-year average bond maturity. The bond adjustment cost ¢, is 0.00074 following
Schmitt-Grohé and Uribe (2003). We take the steady-state real market value of debt,
5p = 0.80, from Eurostat Data (2025).

The coefficient M has a prior mean of 2, consistent with active monetary policy.
We calibrate the inflation-target loading ¢, = 0.10 and the inflation- and debt-target
persistences ¢r = ps = 0.98, following Guo, Han, and Smit (2026). For the fiscal debt-
stabilization parameters, we deviate from BFM’s value of 20 and instead calibrate yM =
yM+ = 6 = 96+ = 0.30. BFM’s choice of 20 implies very aggressive debt stabilization
that is not consistent with the data; 0.30 is sufficient to satisfy Blanchard-Kahn stability
conditions in the currency union.

Table 2 shows prior distributions. We estimate region-specific structural parame-
ters for both countries, including the Frisch elasticity x, Calvo price and wage stickiness
(601, On, Oy ), and wage indexation x,. A single pooled trade elasticity u applies to bi-
lateral demand in both regions. Capital utilization cost 1, interest rate smoothing
pr, and ¢pM are also common parameters. The prior mean of the inverse Frisch labor

elasticity is 2 (Normal), Calvo probabilities are 0.75 (Beta), wage indexation is 0.25
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Table 1: Calibrated parameters

Parameter Description Value Source
Households

B Discount factor 0.99 literature

ag Degree of trade openness 0.25 Eurostat (2023)

aN Share of non-tradable goods 0.6 literature

UN Elasticity of subst. trad. vs. non-trad. goods 1 literature
e GDP share of country A - data; sample-specific?
h Habit persistence 0.70 literature

€w Elasticity across labor types 21 Christiano, Eichenbaum, and Evans (2005)

Firms

) Capital depreciation rate 0.025  Christiano, Eichenbaum, and Evans (2005)
a Output elasticity of capital 0.40 literature

7] Investment adjustment cost 2.00 literature

Monetary

Gru Inflation-target shock loading 0.10 Guo, Han, and Smit (2026)

OF Inflation-target persistence 0.98 Guo, Han, and Smit (2026)
Fiscal

ot Rate of decay long-term bond 0.975 EMU Criterion

Yy Bond adjustment cost 0.00074 Schmitt-Grohé and Uribe (2003)
Sp Steady-state real market value debt 0.80 Eurostat Data (2025)

yM M= Fiscal rule debt-stabilization (ML) 0.30 calibrated
yC,y6 Govt. spending debt-stabilization (ML) 0.30 calibrated

Ps Debt-target persistence 0.98 Guo, Han, and Smit (2026)

2@ is set to country A’s average GDP share in the estimation sample (2000Q1-2025Q3), computed from the same Barigozzi, Lissona, and
Tonni (2025) dataset used for the observables. This gives © ~ 0.21 for France, ® ~ 0.30 for Germany, and ® = 0.18 for Italy.

(Beta), and ¢M is 2 (Normal). We estimate the volatilities of the funded government-
spending and transfer shocks, aé\“ and oé\“ (and their counterparts GQAL*, aéVIL*), with
diffuse inverse-Gamma priors. The AR(1) persistence parameters of the funded fis-
cal shocks (pgm, pZC\AL, pz, and their starred counterparts) are estimated with Beta pri-
ors. We also estimate common COVID shock scales 05, and o, for both regions” het-
eroskedastic labor-supply and forced-savings wedges with Gamma priors. Remaining
persistence and standard deviation parameters use standard Beta and inverse-Gamma

priors.

Posteriors. Table 2 presents the posterior distributions of each parameter for the esti-
mation with Germany as country A and the rest of the euro area as country B. In Table
A.2 and A3 in Appendix A we show the posterior distributions from an estimation
with France and Italy as country A. Estimated values are broadly consistent with the
literature. Of particular relevance for the paper’s identification, the posterior mode of
the Taylor rule inflation coefficient ¢ is around 2 in all three estimations, confirming

the active monetary regime that the partially-unfunded-debt framework requires.

4.8 Results

We present the historical shock decomposition of euro area headline inflation and the
model-implied ECB inflation target. The quantitative results complement the reduced-

form evidence in Section 3: whereas the local projections identify the sign of fiscal
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Table 2: Priors and posteriors of the two-country Bayesian estimation (Germany vs.

rest of EA)
Prior Posterior

Param. Description Type Mean Std. Mode Median 90% HPD CI
Region A structural
X Inverse Frisch elasticity of labor supply N 2.00 050 28922 29122 2.5023, 3.3397
Xw Wage indexation B 025 0.10 0.3061 0.1925 0.0927, 0.2969
Or Calvo probability tradable prices B 0.75 0.10 0.9209 0.8921 0.8469, 0.9409
On Calvo probability non-tradable prices B 0.75 0.10 0.8253 0.8110 0.7787,0.8459
Oy Calvo probability wages B 0.75 0.10 04912 0.5225 0.4447, 0.5990
Region B structural
X* Inverse Frisch elasticity B N 2.00 050 1.2730 1.4617 1.0126, 1.9725
Xo Wage indexation B B 025 0.10 0.0675 0.0746 0.0230, 0.1367
07 Calvo probability tradable prices B B 075 0.10 0.6990 0.6745 0.6148, 0.7537
0y Calvo probability non-tradable prices B B 0.75 0.10 07642 0.7486 0.6969, 0.8019
0., Calvo probability wages B B 075 0.10 0.0788 0.0878 0.0649, 0.1117
Common structural
u Elasticity of substitution across tradable goods G 1.50 0.30 1.8500 1.8428 1.7920, 1.9041
Py Capital utilization cost B 0.50 0.15 0.0337 0.0255 0.0071, 0.0492
Monetary / target policy
ML Taylor rule inflation coefficient (ML) N 200 025 22799 23294  [2.0937,2.6529]
pr Taylor rule interest rate smoothing (ML) B 050 025 09061 09114 [0.8987, 0.9241]
Shock persistence
Pa Technology shock persistence B 0.80 0.10 0.7469  0.7068 0.6285, 0.7931
Prp Risk premium shock persistence B 0.80 0.10 0.8787  0.8467 0.8012, 0.8924
pd Preference shock persistence B 0.50 0.15 05935 0.5167 0.3408, 0.6390
Pu Tradable markup shock persistence B 0.80 0.10 0.8761 0.9139 0.8398, 0.9534
PuN NT markup shock persistence B 0.80 0.10 0.6287 0.6574 0.5902, 0.7321
Pw Wage markup shock persistence B 0.80 0.10 0.5493  0.5412 0.4549, 0.6294
0z Transfer rule persistence A (BFM Eq. 19) B 0.80 0.10 0.9930  0.9905 0.9836, 0.9968
Py Transfer rule persistence B (BFM Eq. 19) B 0.80 0.10 09205 0.9582 0.9343, 0.9817
Pk MEI shock persistence B 050 0.15 0.1996 0.1573 0.0791, 0.2377
ng’A Govt spending persistence A (ML) B 080 010 09960 09952  [0.9906,0.9991]
Pg LB Govt spending persistence B (ML) B 0.80 0.10 09123 09647  [0.9244, 0.9938]
pcmr  Funded transfer shock persistence A (ML) B 0.50 0.25 0.3537 0.2430 0.0746, 0.3927
pc-,mr  Funded transfer shock persistence B (ML) B 050 025 0.0197 0.0548 0.0007, 0.1334
Shock volatilities
Oa St.dev. technology shock IG 050 inf 0.6850  0.5539 0.1699, 0.9116
OaN St.dev. NT technology shock 1G 0.50 inf 1.8783 1.8991 1.6851,2.1190
Orp St.dev. risk premium shock 1G 0.25 inf 0.0323 0.0351 0.0289, 0.0417
04 St.dev. preference shock 1G 050 inf 1.1821 1.2142 0.9054, 1.5141
oy St.dev. tradable markup shock 1G 050 inf 0.2652 0.2669 0.1915, 0.3508
OuN St.dev. NT markup shock 1G 0.50 inf 04614 0.4896 0.4204, 0.5650
Ow St.dev. wage markup shock 1G 050 inf 0.5021 0.4764 0.3852, 0.5702
Ok St.dev. MEI shock 1G 050 inf 8.5520 8.5704 7.6430, 9.5399
I3 St.dev. monetary policy shock 1G 025 inf 0.1206 0.1202 0.1021, 0.1384
(;g“‘ St.dev. transfer shock A (ML, funded) IG 050 inf 0.1842 01873  [0.1646,0.2122]
G%AL’B St.dev. transfer shock B (ML, funded) IG 050 inf 01726 0.1798 [0.1576, 0.2024]
O-%/[L,A St.dev. govt spending shock A (ML) IG 050 inf 08175 0.8385 [0.7374, 0.9469]
og LB Stdev. govt spending shock B (ML) IG 050 inf 0.8147 0.8270 [0.7276, 0.9316]
op St.dev. COVID labor supply shock G 50 250 82087 11.3218 [8.1806,13.9182
ot St.dev. COVID consumption (forced-savings) shock G 50 250 10.7392 10.0748 8.2899, 11.8219
Target-shock volatilities
ou,A St.dev. unfunded debt-target shock A 1G 050 inf 39.4298 41.4997 [36.7747,45.6175]
ou,B St.dev. unfunded debt-target shock B 1G 050 inf 02749 5.5866 2.5359, 8.3812
ont,a  St.dev. independent inflation-target shock A 1G 0.50 inf 0.2357 0.2974 0.1331, 0.5278
Onl,B St.dev. independent inflation-target shock B 1G 050 inf 02587 0.2622 0.1870, 0.3274

Notes: Results of the estimation of the structural parameters. N = Normal, B = Beta, G = Gamma, IG =
Inverse-Gamma, AR coeff. = autoregressive coefficient, St.dev. = standard deviation, HPD = highest
posterior density.
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spillovers for individual source countries, the structural model traces the aggregate
time-series path of fiscal inflation over the full sample period. The individual country-
pair results are in Appendix A. Since results are broadly consistent across the three
estimations, we present the average for a euro area-wide picture that is robust to the
choice of reference country. The three estimations serve as mutual robustness checks.

First, Figure 5 presents the historical shock decomposition of euro area headline
inflation, decomposing observed quarterly inflation into contributions from unfunded
fiscal shocks, monetary policy shocks, and all remaining disturbances. Following the
onset of the global financial crisis in 2008, monetary policy shocks raised inflation while
the unfunded fiscal shocks pulled it down. Between the introduction of negative rates
in 2014Q2 and the launch of quantitative easing (QE) in 2015Q1, monetary easing
shocks are largely absent, while unfunded fiscal shocks continued to exert downward
pressure. Negative unfunded fiscal shocks correspond to fiscal consolidation: for in-
stance, tax increases not reversed by future cuts. These shocks are consistent with the
austerity measures implemented after the global financial crisis. At the start of the
COVID-19 pandemic in 2020, we see an immediate increase in positive unfunded fis-
cal shocks. From 2021, both unfunded fiscal shocks and monetary policy shocks con-
tributed to higher inflation. The accommodative monetary stance during this period
is consistent with the 2021 Strategy Review of the European Central Bank (European
Central Bank, 2021), announcing a symmetric two percent inflation target, replacing
the previous “close to, but below two percent”. In the last two years of our sample,
2024-2025, we observe tension between monetary contractions to fight inflation and
unfunded fiscal expansions exerting upward pressure on inflation.

Second, Figure 6 presents the model-implied target inflation rate of the European
Central Bank. The model-implied target is the time-varying inflation objective inferred
from unfunded fiscal shocks as discussed in Section 2.7. This is a positive concept:
it is the rate of inflation that the central bank effectively accommodated, not a claim
about the ECB’s stated or intended objectives. Although the sample average of the
implied target is slightly above two percent—consistent with the ECB’s price stability
mandate—the series exhibits substantial variation. Following the onset of the financial
crisis in 2008, the implied target declined steadily, reaching a trough of approximately
one percent around 2014. It began to recover gradually around the launch of quantita-
tive easing in 2015, rose sharply during the COVID pandemic and subsequent energy
crisis, and peaked close to 2.5 percent in 2022. The implied target has since remained
persistently above two percent, driven by fiscal pressures, consistent with the shock
decomposition in Figure 5.

Together, the two figures establish the quantitative importance of unfunded fiscal
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Figure 5: Shock decomposition of euro area inflation
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Notes: Historical shock decomposition of euro area headline inflation (annualized quarterly, pp de-
viations from the sample mean), averaged across three Bayesian estimations with Germany, France, and
Italy individually as country A and the remaining euro area as country B (sample: 2000Q1-2025Q3).
Unfunded fiscal shocks (red) pool home and foreign unfunded debt-target disturbances (ei1,4, €u,B)
and independent inflation-target disturbances (ex,17,4, €x,u,8). The latter are not classified as fiscal or
unfunded shocks. Monetary policy shocks are the interest-rate innovation ¢g; all remaining structural
shocks are collected in “Rest.” The black line is observed inflation.

Figure 6: Model-implied ECB target inflation rate
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Notes: Model-implied ECB target inflation rate (annualized, percentage points), simple average of
three Bayesian estimations with Germany, France, and Italy individually as country A and the remain-
ing euro area as country B (sample: 2000Q1-2025Q3). The implied target is the time-varying inflation
objective 7! recovered from the estimated path of the independent inflation-target shocks; see Section

2.7. Individual country-pair estimates are in Figure A.13 in Appendix A.
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shocks in the euro area. Unfunded fiscal shocks account for a substantial share of in-
flation variation over the sample period. The model-implied ECB target reflects the
channel more directly: despite an unconditional average close to two percent, it ex-
hibited persistent and substantial departures from the ECB’s price stability mandate,

peaking close to 2.5 percent during the post-pandemic episode.

5 Conclusion

This paper studies how unfunded fiscal shocks propagate in a currency union with one
central bank and multiple fiscal authorities. We combine evidence from local projec-
tions for euro area countries with a two-country New Keynesian model that allows for
partially unfunded debt. The central aim is to identify episodes of fiscal inflation and
quantify the effect it had on observed euro area inflation.

First, we investigate the price determinacy conditions of a currency union and the
propagation mechanism of funded and unfunded shocks in a stylized model. We show
that at most one fiscal authority can issue unfunded debt when countries share a com-
mon central bank. Moreover, we find that funded fiscal government spending shocks
increase inflation at home while decreasing inflation abroad, because it shifts demand
toward domestic goods. Unfunded government spending shocks increase inflation in
both countries because the central bank accommodates fiscal inflation.

Our empirical analysis documents substantial heterogeneity in spillovers, consis-
tent with the predictions of the model. Fiscal expansions in France and Italy are asso-
ciated with inflationary effects in other countries, while fiscal expansions in Germany
have a deflationary effect in other countries. These patterns suggest that the central
bank accommodates fiscal inflation originating in France and Italy, implying fiscal ex-
pansions in those countries are less funded than fiscal expansions in Germany.

The quantitative model extends the stylized model to a richer environment with
habit formation, nominal rigidities, non-tradables, capital accumulation, and long-term
bonds, with the aim to identify episodes of fiscal inflation in the euro area business cy-
cles. Bayesian estimation across three country pairings—Germany, France, and Italy
each against the rest of the euro area—reveals that unfunded fiscal shocks are a quan-
titatively significant driver of euro area inflation, with their contribution tracking the
major shifts in fiscal stance: contractionary during the austerity phase of the sovereign
debt crisis, and sharply expansionary during the COVID pandemic and the subse-
quent energy crisis. We also recover the model-implied ECB inflation target—the time-
varying inflation objective driven by unfunded fiscal shocks—which exhibits persistent
and substantial departures from the ECB’s stated two percent mandate, peaking close
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to 2.5 percent during the post-pandemic episode. Together, these findings show that
the fiscal positions of member states are a significant source of inflationary pressure
in the euro area, underscoring the importance of fiscal backing for price stability in a

monetary union.
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Appendix

A Additional figures

Figure A.1: Forecast errors of government spending (percentage point of GDP)

Austria Belgium France

Germany Ireland ltaly

Netherlands Portugal Spain

Notes: Purged government spending forecast errors for each country in the sample, 2004Q1-2026Q1.
Each series is the residual from a within-country regression of raw forecast errors on lagged macroe-
conomic controls (output growth, inflation, interest rates), removing predictable variation. Units are
percentage points of lagged GDP.
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Table A.1: Correlation of forecast errors

Austria Belgium France Germany Ireland Italy Netherlands Portugal Spain

Austria 1.00 0.26 0.31 0.32 029 040 0.27 0.19 -0.08
Belgium 0.26 1.00 0.47 0.42 -0.06  0.37 0.36 0.18 0.23
France 0.31 0.47 1.00 0.52 023 051 0.79 0.39 0.68
Germany 0.32 0.42 0.52 1.00 0.07  0.35 0.36 0.16 0.26
Ireland 0.29 -0.06 0.23 0.07 1.00  0.29 0.46 0.63 0.40
Italy 0.40 0.37 0.51 0.35 0.29 1.00 0.58 0.25 0.57
Netherlands  0.27 0.36 0.79 0.36 046  0.58 1.00 0.55 0.78
Portugal 0.19 0.18 0.39 0.16 063 025 0.55 1.00 0.38
Spain -0.08 0.23 0.68 0.26 040 057 0.78 0.38 1.00

Notes: Pairwise Pearson correlation coefficients of purged government spending forecast errors
across countries. Computed over the common sample using pairwise-complete observations.

Figure A.2: Correlation of government spending shocks and debt-to-GDP growth

Germany France ltaly

r=0.14 r=0.17 r=0.09
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1
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Govt spending forecast error at t (pp of GDP)

Debt/GDP growth at t+1 (%, log-diff)

Notes: Scatter plots of purged government spending forecast errors at time ¢ against the log-change
in gross government debt-to-GDP at t +1, for Germany, France, and Italy (2004Q1-2026Q1). The debt-to-
GDP ratio is constructed from the EA-MD-QD dataset by Barigozzi, Lissona, and Tonni (2025) following
the same deflation procedure used in estimation. The correlation coefficient r is reported in each panel.
The fitted line is estimated by OLS.
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Figure A.3: Impulse responses to a 1 pp increase in govt spending (% of GDP)

Germany France Italy
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Notes: The own country and short rate local projections use Newey-West HAC standard errors. For
spillover effects to other countries, the results are pooled estimates from panel local projections with
Driscoll-Kraay standard errors and countries weighted by GDP. Shaded area shows 90% confidence in-
terval. Sample period is 2004Q1-2026Q1 for inflation responses, and 2004Q1-2014Q1 for rate responses.
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Figure A.4: Impulse responses to a 1 pp increase in govt spending (% of GDP) with 2
lags of controls

Germany France Italy
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Notes: Same specification as Figure A.3 except using 2 lags (rather than 3) of each control variable.
The own country and short rate local projections use Newey-West HAC standard errors. For spillover
effects to other countries, the results are pooled estimates from panel local projections with Driscoll-
Kraay standard errors and countries weighted by GDP. Shaded area shows 90% confidence interval.
Sample period is 2004Q1-2026Q1 for inflation responses, and 2004Q1-2014Q1 for rate responses.
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Figure A.5: Impulse responses to a 1 pp increase in govt spending (% of GDP) with
unpurged shocks

Germany France Italy
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Notes: The own country and short rate local projections use Newey-West HAC standard errors. For
spillover effects to other countries, the results are pooled estimates from panel local projections with
Driscoll-Kraay standard errors and countries weighted by GDP. Shaded area shows 90% confidence in-
terval. Sample period is 2004Q1-2026Q1 for inflation responses, and 2004Q1-2014Q1 for rate responses.
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Figure A.6: Impulse responses to a 1 pp increase in govt spending (% of GDP) with
different standard errors
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Notes: The own country and short rate local projections use heteroskedastic standard errors. For
spillover effects to other countries, the results are pooled estimates from panel local projections with
two-way standard errors and countries weighted by GDP. Shaded area shows 90% confidence interval.
Sample period is 2004Q1-2026Q1 for inflation responses, and 2004Q1-2014Q1 for rate responses.
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Figure A.7: Impulse responses to a 1 pp increase in govt spending (% of GDP) with
lags of past shocks as extra controls
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Notes: The own country and short rate local projections use Newey-West HAC standard errors. For
spillover effects to other countries, the results are pooled estimates from panel local projections with
Driscoll-Kraay standard errors and countries weighted by GDP. Shaded area shows 90% confidence in-
terval. Sample period is 2004Q1-2026Q1 for inflation responses, and 2004Q1-2014Q1 for rate responses.
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Figure A.8: Impulse responses to a 1 pp increase in govt spending (% of GDP) with
contemporaneous weighted other-country fiscal shocks and its lags as extra controls

Own inflation
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Notes: The own country and short rate local projections use Newey-West HAC standard errors. For
spillover effects to other countries, the results are pooled estimates from panel local projections with
Driscoll-Kraay standard errors and countries weighted by GDP. Shaded area shows 90% confidence in-
terval. Sample period is 2004Q1-2026Q1 for inflation responses, and 2004Q1-2014Q1 for rate responses.
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Figure A.9: Impulse responses to a 1 pp increase in govt spending (% of GDP) with
timing fix
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o =
o »un o
‘

Own inflation
S
3

1
—_
o

12 3 45 6 78 123 456 78 123 45 6 7 8

Other inflation

-1'5123456781234567812345678

Short rate

12 3 456 78 123456738 123 456 7 8

Own real rate

® 4 2345678 12345678 123458678

10

Other real rate

12 3 4 5 6 78 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Quarters

Notes: The own country and short rate local projections use Newey-West HAC standard errors. For
spillover effects to other countries, the results are pooled estimates from panel local projections with
Driscoll-Kraay standard errors and countries weighted by GDP. Shaded area shows 90% confidence in-
terval. Sample period is 2004Q1-2026Q1 for inflation responses, and 2004Q1-2014Q1 for rate responses.
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Figure A.10: Impulse responses of sovereign spreads to a 1 pp increase in govt spending
(% of GDP)

Germany France Italy
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Notes: The dependent variable is the 10-year sovereign bond spread vis-a-vis Germany in basis
points. Local projections use Newey-West HAC standard errors. Shaded area shows 90% confidence
interval. Sample period is 2004Q1-2026Q1. Controls include source country controls, receiving country
controls (if not the same as source country), German controls, and euro area aggregate controls.
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Table A.2: Prior and posteriors of the two-country Bayesian estimation (France vs. rest

of EA)
Prior Posterior

Param. Description Type Mean Std. Mode Median 90% HPD CI
Region A structural
X Inverse Frisch elasticity of labor supply N 2.00 050 19487 1.9977 1.5750, 2.4871
Xw Wage indexation B 025 0.10 0439  0.3697 0.2865, 0.4516
Or Calvo probability tradable prices B 0.75 010 0.6484 0.6604 0.5928, 0.7303
On Calvo probability non-tradable prices B 0.75 010 0.7904 0.8004 0.7560, 0.8441
Ow Calvo probability wages B 0.75 0.10 0.0728 0.0786 0.0606, 0.0970
Region B structural
X Inverse Frisch elasticity B N 200 050 24417 2.6223 2.2582, 3.0697
Xo Wage indexation B B 025 0.10 0.2718 0.2890 0.1741, 0.3728
07 Calvo probability tradable prices B B 0.75 0.10 05686 0.5842 0.5039, 0.6445
0y Calvo probability non-tradable prices B B 0.75 0.10 0.9003  0.8930 0.8434, 0.9407
0, Calvo probability wages B B 075 010 01134 0.1171 0.0974, 0.1389
Common structural
u Elasticity of substitution across tradable goods G 1.50 030 15394 1.5479 1.4549, 1.6414
Py Capital utilization cost B 050 0.15 0.0439 0.0461 0.0174, 0.0773
Monetary / target policy
quL Taylor rule inflation coefficient (ML) N 2.00 025 20524 20177 [1.8404, 2.2248]
pr Taylor rule interest rate smoothing (ML) B 050 025 09025 0.8998  [0.8846,0.9150]
Shock persistence
Pa Technology shock persistence B 0.80 0.10 0.8159  0.8459 0.7655, 0.9289
Prp Risk premium shock persistence B 0.80 0.10 0.5281 0.5323 0.4248, 0.6461
pd Preference shock persistence B 050 0.15 0.7122  0.6903 0.6058, 0.7655
Pu Tradable markup shock persistence B 0.80 0.10 0.6030 0.5966 0.5350, 0.6607
PuN NT markup shock persistence B 0.80 0.10 0.6754 0.6767 0.5998, 0.7519
Pw Wage markup shock persistence B 0.80 0.10 0.6553  0.6890 0.6105, 0.7836
0z Transfer rule persistence A (BFM Eq. 19) B 0.80 0.10 09448 0.9344 0.8921, 0.9729
Py Transfer rule persistence B (BFM Eq. 19) B 0.80 0.10 09739 0.9736 0.9564, 0.9901
Pk MEI shock persistence B 050 0.15 0.3143 0.3140 0.2204, 0.4222
ng’A Govt spending persistence A (ML) B 080 010 07198 07175  [0.6318,0.8065]
Pg LB Govt spending persistence B (ML) B 0.80 0.10 0.9910 0.9908  [0.9836, 0.9972]
pcmr  Funded transfer shock persistence A (ML) B 050 025 0.0572 0.1167 0.0058, 0.2360
pc-,mr  Funded transfer shock persistence B (ML) B 050 025 0.1957 0.1738 0.0346, 0.3347
Shock volatilities
04 St.dev. technology shock 1G 0.50 inf 02364 0.2983 0.1354, 0.5128
N St.dev. NT technology shock 1G 050 inf 13632 1.3576 1.1748, 1.5459
Orp St.dev. risk premium shock 1G 0.25 inf 0.0341 0.0345 0.0289, 0.0405
o4 St.dev. preference shock IG 050 inf 13517 1.3698 1.1271, 1.6100
ou St.dev. tradable markup shock 1G 050 inf 0.7300 0.6982 0.5939, 0.8051
OuN St.dev. NT markup shock 1G 050 inf 0.1455 0.1572 0.1087, 0.2096
Ow St.dev. wage markup shock 1G 050 inf 0.3082 0.2874 0.2126, 0.3634
O St.dev. MEI shock IG 050 inf 6.6954 6.6216 5.6960, 7.5162
o St.dev. monetary policy shock IG 025 inf 01119 0.1148 0.0980, 0.1326
a%L’A St.dev. transfer shock A (ML, funded) 1G 050 inf 0.1697 0.1759 [0.1540, 0.1995]
G%AL’B St.dev. transfer shock B (ML, funded) IG 050 inf 0.1550 0.1582 [0.1381, 0.1784]
O-%/[L,A St.dev. govt spending shock A (ML) IG 050 inf 17254 1.7642 [1.5362, 2.0088]
og LB Stdev. govt spending shock B (ML) IG 050 inf 05316 0.5365 [0.4723, 0.6052]
op St.dev. COVID labor supply shock G 50 250 14.0199 15.8844 [14.0043,18.4740]
otC St.dev. COVID consumption (forced-savings) shock G 50 250 62271 6.1778 [4.9075, 7.5450]
Target-shock volatilities
ou,A St.dev. unfunded debt-target shock A IG 050 inf 02545 3.5761 [0.1370, 6.3270]
ou,B St.dev. unfunded debt-target shock B IG 050 inf 15.8285 17.3576 [15.1095,19.7599]
ont,a  St.dev. independent inflation-target shock A 1G 050 inf 02429 0.3139 0.1334, 0.5759
Onl,B St.dev. independent inflation-target shock B 1G 050 inf 02258 0.2177 0.1655, 0.2684

Notes: Results of the estimation of the structural parameters. N = Normal, B = Beta, G = Gamma, IG =

Inverse-Gamma, AR coeff. = autoregressive coefficient, St.dev. = standard deviation, HPD = highest
posterior density.
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Table A.3: Prior and posteriors of the two-country Bayesian estimation (Italy vs. rest of

EA)
Prior Posterior

Param. Description Type Mean Std. Mode Median 90% HPD CI
Region A structural
X Inverse Frisch elasticity of labor supply N 2.00 050 1.0313 1.3302 0.9616, 1.7205
Xw Wage indexation B 025 0.10 0.0875 0.0869 0.0282, 0.1611
Or Calvo probability tradable prices B 0.75 010 0.8076 0.8357 0.7238, 0.9333
On Calvo probability non-tradable prices B 0.75 010 0.7737 0.7722 0.7182, 0.8235
Ow Calvo probability wages B 0.75 0.10 0.1659 0.1556 0.1181, 0.1960
Region B structural
X Inverse Frisch elasticity B N 200 050 19727 22677 1.8900, 2.6602
Xo Wage indexation B B 025 0.10 0.0445 0.0609 0.0180, 0.1113
07 Calvo probability tradable prices B B 0.75 0.10 0.4848 0.4545 0.3919, 0.5122
0y Calvo probability non-tradable prices B B 0.75 010 0.7330 0.7304 0.6669, 0.7917
0., Calvo probability wages B B 075 010 0.1210 0.1064 0.0840, 0.1304
Common structural
u Elasticity of substitution across tradable goods G 1.50 030 1.8152  1.8302 1.7808, 1.8850
Py Capital utilization cost B 050 0.15 0.0515 0.0582 0.0277, 0.0902
Monetary / target policy
ML Taylor rule inflation coefficient (ML) N 2.00 025 23550 2.3962 [2.0911, 2.6726]
pr Taylor rule interest rate smoothing (ML) B 050 025 09199 09196  [0.9075,0.9312]
Shock persistence
Pa Technology shock persistence B 0.80 0.10 0.7850  0.7487 0.6498, 0.8415
Prp Risk premium shock persistence B 0.80 0.10 0.5210 0.4683 0.3689, 0.5755
pd Preference shock persistence B 050 0.15 0.7852 0.7785 0.7037, 0.8518
Pu Tradable markup shock persistence B 0.80 0.10 09165 0.8720 0.7711, 0.9551
PuN NT markup shock persistence B 0.80 0.10 0.6084 0.6486 0.5365, 0.7831
Pw Wage markup shock persistence B 0.80 0.10 0.4530 0.5664 0.4338, 0.7153
0z Transfer rule persistence A (BFM Eq. 19) B 0.80 0.10 09654 0.9671 0.9466, 0.9863
Py Transfer rule persistence B (BFM Eq. 19) B 0.80 0.10 0.9809 0.9795 0.9662, 0.9923
Pk MEI shock persistence B 050 0.15 0.3593  0.3100 0.2189, 0.4032
ng’A Govt spending persistence A (ML) B 080 010 09821 09829  [0.9689,0.9960]
Pg LB Govt spending persistence B (ML) B 0.80 0.10 0.9952 0.9938  [0.9880, 0.9988]
pcmr  Funded transfer shock persistence A (ML) B 0.50 0.25 0.0242 0.0496 0.0007, 0.1175
pc-,mr  Funded transfer shock persistence B (ML) B 050 025 0.0800 0.1292 0.0108, 0.2467
Shock volatilities
Oq St.dev. technology shock IG 050 inf 02443 0.3391 0.1421, 0.5910
N St.dev. NT technology shock 1G 050 inf 1.3902 1.3270 1.1053, 1.5437
Orp St.dev. risk premium shock 1G 0.25 inf 0.0350 0.0361 0.0302, 0.0427
o4 St.dev. preference shock IG 050 inf 12273 1.2451 0.9953, 1.4961
ou St.dev. tradable markup shock 1G 050 inf 05129 0.6737 0.4601, 0.8729
OuN St.dev. NT markup shock IG 050 inf 05692 0.5274 0.4125, 0.6478
Ow St.dev. wage markup shock 1G 050 inf 04362 0.4400 0.3154, 0.5640
Ok St.dev. MEI shock IG 050 inf 6.5351 7.0144 6.0735, 8.0335
o St.dev. monetary policy shock IG 025 inf 0.1070 0.1099 0.0941, 0.1266
(;g“‘ St.dev. transfer shock A (ML, funded) IG 050 inf 02426 02494  [0.2183,0.2808]
G%AL’B St.dev. transfer shock B (ML, funded) IG 050 inf 0.1469 0.1503 [0.1318, 0.1688]
O-%/[L,A St.dev. govt spending shock A (ML) IG 050 inf 09034 09160 [0.8032, 1.0344]
og LB Stdev. govt spending shock B (ML) IG 050 inf 0.7503 0.7629 [0.6691, 0.8605]
op St.dev. COVID labor supply shock G 50 250 13.5432 13.9278 [11.6375,16.6359]
otC St.dev. COVID consumption (forced-savings) shock G 50 250 5.7595 6.2277  [4.9858,7.5109]
Target-shock volatilities
ou,A St.dev. unfunded debt-target shock A 1G 0.50 inf 19.8559 229831 [19.9089, 26.0496
ou,B St.dev. unfunded debt-target shock B 1G 0.50 inf 19.2462 20.0748 [17.3131,22.9836
ont,a  St.dev. independent inflation-target shock A 1G 0.50 inf 0.2313 0.3291 0.1257, 0.7026
Onl,B St.dev. independent inflation-target shock B 1G 050 inf 02777 0.2625 0.2072, 0.3195

Notes: Results of the estimation of the structural parameters. N = Normal, B = Beta, G = Gamma, IG =

Inverse-Gamma, AR coeff. = autoregressive coefficient, St.dev. = standard deviation, HPD = highest
posterior density.
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Figure A.11: Shock decomposition of inflation in Germany, France, and Italy
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(c) Inflation in Italy

Notes: Historical shock decomposition of domestic inflation in Germany, France, and Italy (annualized
quarterly, pp deviations from the sample mean). Each panel comes from the estimation with that coun-
try as country A and the remaining euro area as country B (sample: 2000Q1-2025Q3). Unfunded fiscal
shocks home (red) and foreign (yellow) are unfunded surplus and inflation-target disturbances; mon-
etary policy shocks are eg; all remaining shocks are “Rest.” The black line is observed inflation.
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Figure A.12: Shock decomposition of inflation in rest of euro area
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(c) Inflation in the rest of the euro area (vs. Italy)

Notes: Historical shock decomposition of inflation in the rest of the euro area (annualized quarterly, pp
deviations from the sample mean). Each panel comes from the estimation with the named country as
country A and the remaining euro area as country B (sample: 2000Q1-2025Q3). Unfunded fiscal shocks
home (red) and foreign (yellow) unfunded surplus and inflation-target disturbances; monetary policy
shocks are ¢g; all remaining shocks are “Rest.” The black line is observed inflation.
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Figure A.13: Model-implied ECB target inflation rate

p.p. ann.

NN
OO

‘ ——France — Germany — Italy

Notes: Model-implied ECB target inflation rate (annualized, percentage points) from three separate
Bayesian estimations, each with one of Germany, France, or Italy as country A and the remaining euro
area as country B (sample: 2000Q1-2025Q3). The implied target is the time-varying inflation objective
7t} recovered from the estimated path of unfunded fiscal shocks. The three series confirm that the main

pattern—a trough around 2014 and a sharp rise during the COVID and energy crisis episodes—is robust
to the choice of reference country.
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B Equations stylized model

We summarize the stylized model with the following equations, linearized around the

steady state as £; = In(X;) — In(X) ~

Agg. Euler equation &M

= Eid}y — (A IE)tﬂt+1 )

Cre1
— @y, Ybpbg — (1 - @%Yﬁlﬁlt (B.1)
Govt. budget constraint A Spr = ‘[13 [§b,t_1 i — Ry — (1- ,8)@] (B.2)
Govt. budget constraint B 8§, = % [ézlt_l +ipg - A —(1- ﬁ)%f] (B.3)
Fiscal rule A T = V8p -1+ Ct (B.4)
Fiscal rule B T =)5,,+G (B.5)
Monetary rule I = pAMUY (B.6)
Market clearing A 0=(1-ar)i +ac; +2uar(l — ar)s; (B.7)
Agg. goods market clearing 0=0¢+(1-0)¢ (B.8)
Bonds market clearing A SpSpr = babas + E}B;t (B.9)
Bonds market clearing B §Z§Zt = EBBBt + E;Bgt (B.10)
No arbitrage A Egt =0 (B.11)
No arbitrage B E;U =0 (B.12)
Terms of trade ay (8 —84-1) = 7ty — Aty (B.13)
Current account —C; — g8 = cuy (B.14)

Dynamics of NFA ca; = EBEB,; — E;B;U - % (EBBB/t 1— bAbAt 1)

(B.15)

Agg. inflation AMU =07 + (1 - O)ft; (B.16)

Inflation A fty = (1 — ap)firy + ayfty, (B.17)

Inflation B 7ty = arfiry + (1 — ap) i, (B.18)

Real interest rate A Pr=1; -y (B.19)

Real interest rate B i = I — iy (B.20)

where xMu = ©4; +(1-0)%; and bond holdings are in real terms (as shares of output),
e.g. ba = %—_%.

Ba
PY
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Steady state. From the Euler equations, we obtain the steady-state nominal interest

rate:

— 1
R = 5 (B.21)

For simplicity, we impose that in steady state the prices of the goods are unitary:
Pp=Pp=1 (B.22)

From the relative demand equations and the goods market clearing conditions, we get

the steady-state consumption values, assuming that the endowments Y = Y* = 1:

Ca=Cp=1-aq (B.23)

Cp=C,=ay (B.24)

C=C =1 (B.25)

With these steady-state values, we can get the government budget constraint in steady
state: _ B

B = mT (B.26)

We calibrate the debt-to-GDP ratio % = B = 0.80. See the Calibration section in the
main text for more details.
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C Solving the stylized model with partially unfunded
debt

In the model with partially unfunded debt in country A, we can keep all equations the
same as the model without, except the fiscal rules and the monetary rule which we
replace with equations (26), (27), and (28). Moreover, for every equation we add the
equivalent equation for the shadow economies.

To prove that the equations for the model with partially unfunded debt are correct,

we need to prove that the following is true: first, that § = Spt — and s =5, §5 0
i.e. the difference of the overall stock of debt and fiscal—led stock of debt is the monetary-
led stock of debt. Second, that ﬁiw =Tty — ﬁtF and M L= - nF *,i.e. the inflation rate

the central bank tries to stabilize in each economy is the overall inflation net of the
fiscal-led part of inflation.
To prove those claims, we follow BFM and construct another parallel economy to

characterize the part of inflation the central bank has control over, A and #AM*

OEAM + (1 - @AM = M — @, Ybgbp: — (1 — @)y Yb, b, (C.1)
171, X Y .
Syt = 8 [Szlxlt—l +i =~ (1= p)3 ] (C2)
AM= 1 AM= 2 A M= AM=*
sé\f = E [sé\ﬁ_l + zﬁ\fl M -1 -p)% M ] (C.3)
=Mt + (C.4)
%;M* = M*gy;_ L+ (C.5)
= @¢pMaAM + (1 - @)pM A (C.6)

We obtain the monetary and fiscal blocks of this parallel economy as with other economies
in the main text:

OF, M - O)EAM = @pMAM + (1 - @)pM AM*

t+1 ( t+1
— @Yy Ybpbg — (1 - @)Y Yb,b%, (C7)

i = ;, 0= =gl i - A - - k] (8
AM* — ‘B [(1 _ (1 ﬁ)yM*)é\l]?\/It* ) ’-‘ v ﬁi\/j* _ (1 _ ‘B)Ci\/j*] (Cg)

We prove iM = ft; — il by subtracting the equations for the monetary block of the

monetary-led economy (C.7) and fiscal-led economy (33) and (34) from the monetary

52



block equation of the overall economy (29):'Y

OL; [ﬁt+1 - ﬁiwl t+1] +(1-0O)E; [ ﬁ?ﬁ - ﬁfﬂ]

= @¢M (7 - A - ﬁt F)+ (- @M (#; - #M - 2} (C10)

where we multiply the fiscal-led economy equations with the respective country weights
before subtracting. Let d; = 7t; — ﬁiw - ﬁf and dj = 7tj — ﬁf/j* ﬁf*. Since qu = qu* >
1, the equation above reads E; [@dt+1 +(1- @)dt+1] = qu [@dt +(1- @)d;], an un-
stable forward-looking difference equation whose unique bounded solution sets the
union-weighted combination to zero for all t: ©d; + (1 — ©)d; = 0. By Lemma ??,

iy = A}, nf/f niw* F* ,s0d; = d*; combined with ©d; + (1 — ©)d; = 0, this

forces d; = d; =0, i.e. ﬁﬁw =Tty — nt and 7 nt =t — ﬁF* for all ¢.

Now, we prove that § é\f =5y —5 lf ;- Substituting the fiscal rule of country A and mon-

and fcf

etary rule that allow for partially unfunded debt, equations (26) and (28) respectively,
into the country A government budget constraint (16), we obtain:

B = (1= =™ s+ A= pryMs] L = A=y 8] L~ = (1B (¢ + )
+© M (Ry1 = A )+ OFRE | + (1= ©) [oM (7, - 7E,) + 0P R | (CaD)
We obtain the equivalent equations for the monetary-led and fiscal-led parallel economies:
Bt = (1= (1—-py™Mspt_ + @pMAM, + (1 - @)pMAM - AM - (1- )M (C12)
s =1 -(1-pyhHsl, +®¢Fn +(1-©)¢p" A —ff —(1-p)C)  (C.13)

Subtract [)’é and ﬁs from B3y to obtain:

ﬁ(ébt - i;w Sht) ( -(1-B)y ) (gb,f—l _éllzwt 1 Sth 1) - (ﬁt -7 _”tF)

M [~ ~M M [ ax ~ M A Fx

+ @M (7 — M, = AE )+ (1 - @)M (7, - Ay - 7P, ) (C14)
Using d; = 0 and d; = 0 established above, i.e. ﬁﬁw = — ﬁt and ﬁt =1 — ﬁf* for all
t, the recursion becomes homogeneous:

M

A AM AF_l_(l_ﬁ)V A _AM _AF

Sbt = Spp T Spp = 8 Sbt-175p 1= Sp 1)
All three economies coincide at the common non-stochastic steady state prior to the
shock,so 8, —1 = Si)VI 1= 5 ;=0 By induction on the recursion above, sbt b h §F =0
for all t > 0, hence séw = Spt — 5y, F for all periods. The proof for & sb =8, - 55;

analogous.

10. Impose the no-arbitrage conditions to simplify the adjustment cost term.
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D Equations quantitative model

We summarize the quantitative model with internal consumption habit using the fol-

lowing equations, linearized around the steady state as in Appendix B.

Demand
ffecti . ~eff _ 1 A =tC h A =
Effective consumption A ;" = 7 (ct - & ) 17 (Ct—1 & 1) (D.1)
1 h*
Effective consumption B ¢¢* = T (6: Nfc*) T (6:_1 ~fci*) (D.2)
: s A L [ eft reff 1 d d
Marginal utility A~ A; = T gn (cf —ﬁh]Etcf+1) +7 vy ( ; —ﬁh]EtEHl)
(D.3)
. 1 1 B ix— _ 1 reff+ h*E reff+ 1 * hx—E
Marginal utility E= T B (ct -B tCt+1) +7 [Tk (Et - B EE
(D.4)
Labor supply A — A+ xli + el = mrs, (D.5)
Labor supply B — A + x*I' + e = s, (D.6)
Agg. Euler equation ]Et;\?fﬁl = /A\{\/IU — (ft — Etﬁfﬁl) (D.7)

Agg. capital Euler equation MY = B AMU — AMU 4 g(1 — 5)E, 4 MY

t+1

~MU ?K

1= = o) |, - o

No arbitrage capital and ST bonds A - (ft - EtﬁtH) =§r — (1 = 0)EtGin

—[1-p(1 - O)]E; [ﬂml -

No arbitrage across LT bonds A b =0
No arbitrage across LT bonds B Z;Z ;=0
No arbitrage LT and ST bonds A Iy = Et?tLﬂ
No arbitrage LT and ST bonds B Iy = Et?tle

Return on LT bonds A

Return on LT bonds B
Demand trad./non-trad. A Crt — CNt =
Demand trad./non-trad. B 6*Tt - 6;\” =
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T

.
+&7

rp%
+&7

AL _ LpalL AL
ty=p"BPy —Pig

Alx _  Loalx ALx
r =0 0Bby P

—un (Pre — Pne)
—HN (ﬁ;‘t - ﬁ;\lt)

(O +(1- @)%;(M)] (D.8)

%K,Hl] (D.9)

(D.10)
(D.11)
(D.12)
(D.13)
(D.14)
(D.15)
(D.16)
(D.17)

d»
t+

)



Wages

Wage Phillips curve A 7}’ = 7t + XwTti—1 + Ky (mrst - w:eal)

~ K tr+u® (D.18)

L
1-7L
11 N N A —x K I
Wage Phillips curve B A} = Bt + x5,y + K5, (mrst - )

— K, — 2y (D.19)

vl U
Wage inflation indexation A iy =W, cal _ z?)lff’{l + 7 (D.20)
Wage inflation indexation B A = zb:’re”l - zb:’_rf“l + 7t} (D.21)

Following Christiano, Eichenbaum, and Evans (2005), the gross desired wage markup
is 1.05, so €, = 21, and

(=018 ., (1-6,)(1- B
Ol +ewy) v 051+ ewxt)

(D.22)

w

55



Supply
Tobin's Q A

Tobin’s Q B

Capital accumulation A

Capital accumulation B

Capital services A

Capital services B

Production function trad. A
Production function trad. B
Production function non-trad. A
Production function non-trad. B
Capital demand A

Capital demand B

FOC utilization A

FOC utilization B

Marginal cost trad. A
Marginal cost trad. B

NKPC trad. A

NKPC trad. B

NKPC non-trad. A
NKPC non-trad. B
Marginal cost non-trad. A

Marginal cost non-trad. B

—_—

qr =i

—_— —_—

[ —_—
s - . .
q; = Y1 |inv, —inv,_; — (EtanHl -

ét = (1 — 6)]2t_1 + 0 (;l;f + Ef)

kr=Q0-0)k_,+6 (Trz\vt + Et*)

IEf = Et—l + [k ¢

ki" =k + [y

9]‘1} =dar; + Oékf + (1 - a)th

ﬁ}t = d*Tt +ak"+(1- a)l}t

Une =ane + (1 - a)iNt

e = iy, + (1= )y,

mere + U1t — sz = 7kt

”%frt + U1 — ki* = e

T Sk T PO S

UKt = s Kt 1-7x Kt

p _ 1=y (f* K e )
K.t l,bu Kt 1— ?K Kt

— _ ~real | 7 ~
mcry = W + It — Ut

—=x _ _axreal | % Ak
mery = W, + Iy — Gy

A A — T
Ttar = PIEsTtA 41 + KTMCTE + U,

A _ N — % T
fipt = PEtAig 141 + KTMCT + U,

A o — N
TNt = BETIN 41 + KNTICNE + U4

A

—— _ ~real | ~
meny = Wi + Ine — e

—=x __ ~xreal T A%
meyy =, + th - Ny
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Fiscal (superscript F denotes a time-varying debt target exempted from fiscal stabi-
lization)

n 1., AL A N . A N
Govt. budget constraint A 5 = E [sb,t_l + th - nt] — WK p (TKt + 7ke + ki—1 + th)

~real

— WL p (”L’L + W + lt) —wcplr + wepr + wzpzr (D.45)

A

. A% 1 A% ‘Lﬁ(- Ak A% AX A* A%
Govt. budget constraint B §,, = E [Sb,t—l +i7 = nt] — WK,b (TKt + Ptk + th)

~%,real

= wLp (3, + 07 4 1) - e+ wepdi + wzaZ (D46)

The coefficients are steady-state revenue or expenditure shares relative to the corre-

sponding debt-to-output ratio:

—real— —
TkR K W L 7cC
wK/b - - K a)L/b = L_—_’ a)clb = %’ (D'47)
Ys Ys, Y'sp
E z
WGh ==, Wzp ==, (D.48)
Y sy Y'sp

with starred analogues defined using country-B steady states. The capital-revenue co-
efficient is based on the nonlinear tax base Tx¢ Rk ikt Ki-1.

. . . . 1
Transferrule A 2; = p,2;-1 — (1 - p2) [7/ (sb,t_l - Sg,A,t) + q)zyyt] + Z—/?Ct (D.49)
* Ak * * A% * A¥ 1 *
Transfer rule B = p.2;_1—(1-=p3) [)/ (Sb,t—l sb B t) + ¢z, 7 t] ﬁct (D.50)

(sss1-55,,) (D51
Capital tax rule B Tx s = Py i + (1= pr) Yy (§Z,t_1 — st ) (D.52)
Sa-sty,)  (DS3)

Labor tax rule B T r=pLt 4+ =po)yp (§Z 1St t) (D.54)

Capital tax rule A Tkt = prTr,t-1 + (1 — pr) vk (5

/\N

Labor tax rule A Tt = prire—1+ (1 —pL)yL

Govt. spending rule A &t =pg8t-1— (1= pg)yc (§b,t—1 - sgA t) +ef  (D.55)

Govt. spending rule B 8 =pe8i1—(1-pdvs (§Z,t—1 sf*B t) +e  (D.56)

Debt target A SgAt = ps 55,4 gt sgt (D.57)
Debt target B sg*Bt Ps sg*B it egt (D.58)
egt and eB , are unfunded fiscal shocks that move the country-specific debt target. A

positive shock raises the debt target, so that the fiscal rule excuses this unfunded debt
from debt stabilization.
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Monetary (superscript F denotes a time-varying inflation target)

Taylor rule lA't = przt—l +(1- Pr)(PM O(n: - ni,t) +(1-0)(7; - ngff)] * E;n

(D.59)
Inflation target A 70, , = Q7 , 4 + Pru sf"g (D.60)
Inflation target B nB ;= O nB*t 1t Pru EB ; (D.61)

e At Yand €p U are independent inflation-target shocks, not fiscal or unfunded shocks. A
positive 1nnovat1on increases the inflation rate accommodated by the central bank. By
contrast, s and eB , are unfunded fiscal shocks to the debt targets. Following Guo,
Han, and Srmt (2026), we calibrate ¢y = ¢, = 0.10 and ¢r = ¢} = ps = ps =
0.98, while the four country-specific shock volatilities 0,4, 07,8, 0u,4, and o, p are
estimated with diffuse inverse-Gamma priors. The inflation- and debt-target shocks are
mutually independent within and across countries. Starred fiscal-rule parameters are
shown separately above; restrictions that pool a country-B parameter with its country-
A analogue are imposed as explicit calibration restrictions.

Equilibrium Let wc = C/Y, wer = (1 — an)we, wr = Y7/Y, and oy = YN/Y =
anywc. Country-size-adjusted import shares are a4 = 2(1 — ®)ay and ag = 20Qaj.

Define
A _ wcT A _  1-Ouwcr
a)c,d = (1 - LIA)(U—T, a)C,x =ap e) w—T, (D62)
wer B _ © wcr
O)Cd_(l—ﬂB) T a)clx:aAl_@w—T, (D63)

uag(2 —aa — aB)wCTT (D.64)

=
© 3
M

Nt = paa2-aa - aB)

Market clearing trad. A 1t = a)é 461t + a)é T 17?§t
AT A An
+wpinvy + w58t + wy figs  (D.65)
Market clearing trad. B 4, = w2 & + w8 _érs — 0P8
g . Y1t = @ aCrt C,xCTt — 115 St

J——

+ a)fznvt + a)th -+ wSﬁ*Kt (D.66)

. I— G, a (1)1<
Current account wtTt — WwCTCTE — ;znvt - ;gt

[JKt — WTAASt = Cﬂt

(D.67)
Market clearing non-trad. A UNt = Nt (D.68)
Market clearing non-trad. B 5, = &y, (D.69)
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Here cu =7 / YT, =G / YT, and a)u =a (1)? /?]T. Bilateral trade balance follows
from @a Aa=(1- @)a B. The consumption, investment, and government coefficients in

each tradable resource constraint sum to one; utilization has zero steady-state level but

a nonzero first-order resource cost.

Labor market clearing A

Labor market clearing B

Dynamics of NFA

Bonds market clearing A

Bonds market clearing B

Definitions
Agg. output A
Agg. output B
Terms of trade
Agg. consumption A
Agg. consumption B
Tradable inflation A
Tradable inflation B
CPI inflation A
CPI inflation B
Union marginal utility
Union Tobin’s Q
Union capital return
Union CPI inflation
Union inflation target
Real interest rate A

Real interest rate B

It = wrlT + wNINt
N .
lt = a)Tth + a)Nth

S T *
cuy = Bobus Db - 5 (Bobos1 ~Babi )

gbgbt = bAbAt + bAb;lt

—% A% 7 n T A>(-
SpSpr = bBbBt + bBbBt

¥t = ottt + ONUN?

U = wtle + ONYN;

aa (8 —8i-1) = ftyy — fta
¢t = (1 —an)ers + anCnt

6: (1 - OZN)CTt + DZNCNt

=(1—aa)ftar + aatip

=
H

*

¢ = apfiar + (1 — ap)fip

= Y

A

t = (1 —an)ftr + an7ine
M; (1 - OCN)ﬁ*Tt + OéNﬁ*Nt
AME = @A+ (1-©)4;
4"t = @4 + (1-©)f;
@th + (1 @)f};t
=07 + (1 -0)f;

FMU _ o F Fe
T, —®7zAt+(1—®)nB,t

th

~real _
T =1 — Bfti

streal _ %
ry =i ]Etnt-rl
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(D.70)
(D.71)

(D.72)

(D.73)
(D.74)

(D.75)
(D.76)
(D.77)
(D.78)
(D.79)
(D.80)
(D.81)
(D.82)
(D.83)
(D.84)
(D.85)
(D.86)
(D.87)
(D.88)
(D.89)
(D.90)



Structural shock AR(1) processes

Technology trad. A

Technology trad. B

Technology non-trad. A

Technology non-trad. B

Risk premium shock A

Risk premium shock B

Preference shock A

Preference shock B

Tradable goods markup shock A
Tradable goods markup shock B
Non-tradable goods markup shock A
Non-tradable goods markup shock B

Wage markup shock A
Wage markup shock B
MEI shock A

MEI shock B

Monetary policy shock
COVID labor supply A
COVID labor supply B
COVID forced savings A

COVID forced savings B

where €tC =

~ a T
art = PalT,i-1 + &
A% Ak Tx
Ay = Paly ;g T &
a A N
ANt = PaldN,t-1 + &
A%
Ay = Pally ;1 + &
W

g = prpg

rpx VP* P*
5 prpé
"St = Pdét_l + {;‘t

* d» dx*
&t = pdcy_q + €

N=

T ul
U, = PT”t 1t &

T* = pT“t 1t E?T*

N _ uN
Uy PN”t 1T &

Nx* _ uN*
Uy PN”t 1t &
w _ w N/
Up = pwlly_q + &
w* __ w*
u" = poly + &

ét = Pkét 1 +Ef

& = pr&y + el

&' =¢

e ~ N(0, 07 1ecovip)
e/" ~ N(0, 03 1ecovip)

Ntc ~ N(0, 02~ 1iecovip)

~tC
8 ~ N(0, 07 1tecovip)

(D.91)
(D.92)
(D.93)
(D.94)
(D.95)
(D.96)
(D.97)
(D.98)
(D.99)
(D.100)
(D.101)
(D.102)

(D.103)
(D.104)
(D.105)
(D.106)
(D.107)
(D.108)
(D.109)
(D.110)
(D.111)

etC /C is the forced-savings wedge normalized to steady-state consump-

tion, following Cardani et al. (2022). The scales o, and o;c are shared across countries.
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Fiscal policy shock AR(1) processes

Funded transfer disturbance A Ct = pcCea + sf (D.112)
Funded transfer disturbance B G = pEC:_l + sf* (D.113)
Unfunded (debt target) A Sg,t ~ N(O, 05’ 2) (D.114)
Unfunded (debt target) B eg’t ~ N(O, oi,B) (D.115)
Inflation target A SZ’,? ~ N(0, szz,u,A) (D.116)

Inflation target B eg,’tu ~ N(0, ai,u,B) (D.117)

D.0.1 Steady state

We characterize the steady state around which we log-linearize. We impose zero steady-
state inflation (IT = 1) and normalize the steady-state price level as P = 1. The steady-

state gross nominal interest rate is R= pL.

Long-term bond price. With geometrically decaying coupons with rate p’, the steady-

state long-term bond price satisfies

—L —L =L /3
Pr=p(1+pP) = P = . D.118
—L—
Defining the real market value of government debt as 5}, = %, the steady-state gov-
ernment budget constraint implies the primary-surplus requirement
T-1"Ps — 5--LT (D.119)
p 1-p

Since Z denotes transfers to households, its steady-state output share is the residual

- = —real— - =

RxK W L 1-B_
KKz W Loz G _1-F (D.120)
Y Y Y Y P

=N

Capital and investment shares. In steady state Tobin’s Q is one, and the capital Euler
equation implies

p-(1-0)

D.121
= ( )

1=6((1-FORc+1-5) = Rx=

Using the tradable-sector capital demand condition Rx = aMC T% and the normal-

ization MCrt = 1, we obtain

R
X _aMcr (D.122)
Yr Rk

The capital law of motion impliesf = 6K. Let a)}/ =1/Y, a)é =G/Y,and wc =1- a)}/ -
a)é. Because investment and government purchases use tradables while nontradable
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output clears nontradable consumption,
wn = anwe,  wr=(1-an)wc+ o] + g =1-wn. (D.123)
Combining these identities with K/Y = awr/Rx gives
1—an+ aNa)Y
wr = —C, w=6—. (D.124)
1- OzN(Soz/RK RK

The tradable-resource coefficients are w; = w}/ [T, wg = a)é [wT,and w, = a’(l)f/?T =

(1 - ?K)oc.

Government spending share. We calibrate wé = G/Y = 0.20. The coefficient enter-
ing tradable market clearing is therefore wg = wé /wrT.
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