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Abstra
t

We study �nan
ial linkages and risk sharing in four types of 
urren
y unions: segmented

markets; a banking union; a 
apital market union; and 
omplete �nan
ial markets. We analyze

how these e
onomies respond to various sho
ks. Broadly speaking, we �nd that a banking union is

e�
ient at sharing demand sho
ks (deleveraging, �s
al 
onsolidation), while a 
apital market union

is ne
essary to share supply sho
ks (in
luding quality/te
hnology sho
ks). We present theoreti
al

results where either type of union 
an exa
tly repli
ate the 
omplete market allo
ation, as well as


alibration of welfare gains.
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Failures of risk sharing lie at the heart of many e
onomi
 
rises, in
luding the one that re
ently

threatened the viability of the eurozone. Martin and Philippon (2017) de
ompose the Eurozone 
risis

into three 
omponents: private leverage 
y
les, sovereign risks, and sudden stops/banking 
rises. In

some 
ountries (e.g., Gree
e) the �s
al 
omponent dominates, while in some others (e.g., Spain) the

sudden stop 
omponent looms larger. The 
omparison with the United States is parti
ularly illuminat-

ing when we think about risk sharing. The private leverage 
y
les are large and heterogenous a
ross

U.S. states just as mu
h as a
ross E.U. 
ountries, and their immediate 
onsequen
es are also similar. In

Europe however, unlike in the U.S., private leverage 
y
les are ampli�ed by sudden stops and widening

spreads in funding 
osts a
ross 
ountries. As the 
osts of fund diverged between 
ountries within the

Eurozone, the weaker 
ountries sunk deeper into re
ession. These are 
lear signs of ine�
ient risk

sharing.

The 
reation of a banking union is a deliberate answer to these issues. Fo
using on banks is a

natural step for Europe sin
e banks intermediate most of its �nan
ial �ows. The funding 
ost of

banks has a dire
t impa
t on the funding 
onditions of households and �rms. The main purpose of

the banking union is to guarantee that funding 
onditions remain the same a
ross regions within the

Eurozone, and in parti
ular that they are not dire
tly a�e
ted by domesti
 sovereign risk. There is

broad agreement that some form of banking union is ne
essary to ensure the stability of the 
urren
y

union.
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There is no agreement, and essentially no a
ademi
 analysis, of the gains from adding a 
apital

market union to a banking union.

If we agree on the ne
essity of a banking union, the open question then be
omes: What other

features are ne
essary for a su

essful 
urren
y union? Considering the U.S. experien
e, two su
h

features immediately 
ome to mind: �s
al union and 
apital market union. A �s
al union improves

risk sharing via net �s
al transfers a
ross regions. A 
apital market union improves risk sharing via

�nan
ial markets, i.e. equity and �xed in
ome �ows apart from 
ross-border bank �ows.

This suggests two questions that we aim to answer in this paper. First, how large are the gains from

building a banking union? Se
ond, should Europe stop there, or are there large gains from building a


apital market union in addition to a banking union?

We study a 
urren
y union with nominal (wage) rigidities under four degrees of �nan
ial integration:

1

The prin
iple of a banking union is by now widely a

epted, but there is still disagreement about some features, in

parti
ular on the ne
essity of a full-�edged 
ommon deposit insuran
e s
heme. We take a high level view of BU, whi
h

we de�ne as a system to equalize funding 
osts a
ross regions of the 
urren
y union. We do not have mu
h to say about

whether a full-�edged deposit insuran
e (EDIS) is a ne
essary 
ondition for a
hieving this obje
tive. See Véron (2007)

for a pres
ient analysis of the role of banking union and S
hnabel and Véron (2018) for a dis
ussio of EDIS.
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(i) segmented markets as observed during the eurozone 
risis; (ii) a banking union where funding 
osts

are equalized a
ross regions; (iii) a 
apital market union with optimal 
ross border equity holdings;

and (iv) a 
omplete market e
onomy.

We then ask how these four model e
onomies respond to two types of sho
ks: demand sho
ks

(triggered by publi
 or private deleveraging), and supply sho
ks (in
luding quality and TFP sho
ks).

We �nd that a banking union is enough to deal with leveraging/deleveraging sho
ks, both publi
 and

private. However, a 
apital market union is ne
essary to attain (or approximate) the 
omplete market

out
ome when there are supply sho
ks.

The starting point of our analysis is Martin and Philippon (2017), who provide a framework and

an identi�
ation strategy to study 
ountry dynami
s within the Eurozone. Our 
ontribution is to

extend their analysis to study spillovers a
ross 
ountries, in parti
ular by modeling aggregate demand

spillovers and monetary poli
y, and to analyze the desirability of 
apital market integration within

a 
urren
y union. Martin and Philippon (2017) disentangle the sho
ks that hit the Eurozone and

quantify the relative importan
e of �s
al poli
y, private leverage and �nan
ial spreads. They �nd that


redit spreads play an important role in exa
erbating the Eurozone 
risis. They run 
ounterfa
tuals

where spreads are 
apped and they �nd that this would have signi�
antly redu
ed the re
ession in the

Eurozone periphery.

We think of a banking union as an institution that guarantees that (risk-adjusted) bank funding


osts remain the same in all regions irrespe
tive of the sho
ks that hit these regions. In parti
ular,

bank funding 
osts are not dire
tly a�e
ted by the health of their sovereigns. Sin
e banks are the

main sour
e of private funds for households and �rms, we model the banking union as a 
urren
y

union where the private se
tor 
osts of funds are equalized a
ross regions. We ask whether su
h a

banking union is su�
ient to repli
ate a 
omplete market e
onomy, and we show that it depends on

the sho
ks. For deleveraging sho
ks, publi
 or private, we �nd that the banking union is enough. Note

that deleveraging 
reates an aggregate drag on the e
onomy in any 
ase, but borrowing and lending

a
ross regions allows an e�
ient sharing of the burden of adjustment 
reated by the deleveraging.

We �nd that a 
apital market union is ne
essary for the e�
ient sharing of supply sho
ks. We

also show numeri
ally that part of the welfare gains of a CMU are uninternalized. This is be
ause

of aggregate demand externalities indu
ed by nominal rigidities (Farhi and Werning (2017)) as well

as pe
uniary externalities. Greater risk sharing by savers stabilizes the e
onomy and implies welfare

gains also for borrowers.
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Table 1: Summary of Results

De�nition Demand Sho
ks Supply Sho
ks

Segmented Markets (SM) Rj,t 6= R̄t < BU < BU

Banking Union (BU) Rj,t = R̄t = COMP < CMU

Capital Market Union (CMU) Foreign equity share ϕ = COMP = COMP

Complete Markets (COMP) Ba
kus-Smith 
ondition Agg. D. Externalities Pe
uniary Ext.

Pareto E�
ient (EFF) Planner's solution See Farhi and Werning (2017).

Table 1 summarizes our results.

Admitedly, we take a very ma
ro-level view to a banking union by modeling an idealized banking

union with no di�eren
es in funding 
onditions a
ross 
ountries. This exer
ise is useful for two reasons.

First, it highlights the potential welfare gains that 
an in prin
iple be attained through a banking

union. Se
ond, our analysis unders
ores the limitations of a banking union: even a perfe
t banking

union 
annot share supply sho
ks. Future resear
h should dig deeper into the various poli
y proposals

aimed at lowering the divergen
e in funding 
onditions a
ross 
ountries.

We model a 
apital market union as a union with optimal 
ross-border holdings of equity. Equity

represents a 
laim to �rm 
apital or the pro�t stream from the �rms. In this sense our 
apital market

union is about the optimal ownership of 
apital. On the other hand, various poli
y proposals related

to a CMU are about defaultable debt not equity. However, 
orporate debt is also a 
laim to �rm


apital. We do not expe
t our results to 
hange if we in
lude defaultable debt as long as the �nan
ing

stru
ture of �rms is irrelevant so that the 
lassi
 result of Modigliani and Miller (1958) holds.

Finally, while our main model assumes that the sole input to produ
tion is labor, we extend the

main model of the paper to in
lude 
apital and investment. We use this model to quantitatively

evaluate the welfare bene�ts of a banking and 
apital market union. We �nd that a banking union


learly lowers 
onsumption volatility espe
ially during a 
risis period. A 
apital market union 
an also

bring substantial welfare bene�ts through more e�
ient allo
ation of ownership of 
apital.

Related Literature Our paper is related to several lines of resear
h in e
onomi
 integration, open

e
onomy ma
roe
onomi
s and ma
roe
onomi
s models in the New Keynesian tradition, as well as

studies of the 
auses and 
onsequen
es of the Eurozone 
risis.

Lane (2012) provides a detailed a

ount of the prin
ipal drivers of the Eurozone 
risis; the spe
i�


role of the boom/bust 
y
le in 
apital �ows is analyzed by Lane (2013) and Gourin
has and Obstfeld

(2012).

There is a large literature on risk sharing in 
urren
y unions. Bayoumi and Masson (1995) dis
uss
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the issue of risk sharing and �s
al transfer before the 
reation of the Euro, and Asdrubali et al. (1996)

provide eviden
e for the US. The Eurozone 
risis spurred interest in this topi
. Hepp and von Hagen

(2013) provide eviden
e from Germany. Allard and Brooks (2013) summarizes the existing eviden
e.

Farhi and Werning (2017) analyze risk sharing in a 
urren
y union in a model with nominal rigidities.

They show that �xed ex
hange rates in
rease the value of risk sharing and that 
omplete markets do

not lead to 
onstrained e�
ient risk sharing.

Blan
hard et al. (2014) address the issue of 
ross-border �s
al multipliers. Bolton and Jeanne

(2011) analyze the transmission of sovereign debt 
rises through the banking systems of �nan
ially

integrated e
onomies.

Cole and Obstfeld (1991) analyze a two-
ountry, two-good endowment e
onomy with fully �exible

pri
es, and show that the welfare gain from allowing trading of assets a
ross borders is small, sin
e

adjustments in the terms of trade provide insuran
e against 
ountry spe
i�
 sho
ks. Heath
ote and

Perri (2002) analyze produ
tion e
onomies and �nd that models with asset market segmentations

mat
h 
ross-
ountry 
orrelations better than 
omplete markets model. The analysis in Kehoe and

Perri (2002) goes a step further in that it endogenies the in
ompleteness of markets by introdu
ing

enfor
ement 
onstraints that require ea
h 
ountry to prefer the allo
ation it re
eives by honoring it's

liabilities than living in autarky from any given time onward. The model goes some way towards

explaining 
ross-
ountry 
orrelations observed in data, but at the 
ost of generating 
ounterfa
tually

low 
ross-border investment.

In 
ontrast to studies whi
h preserve the basi
 stru
ture of the real business 
y
le model (the IRBC

literature), studies in the new open e
onomy (NOE) literature, following Obstfeld and Rogo� (1995),

introdu
e nominal rigidities in the style of New Keynesian business 
y
le models as well as market

in
ompleteness into the open e
onomy framework. S
hmitt-Grohe and Uribe (2013) emphasize the

role of downward wage rigidity in the Eurozone re
ession. An important short
oming of models in

this tradition is that they are unable to pin down a unique, endogenously determined steady state,

and are inherently non-stationary. Ghironi (2006) provides a su

in
t dis
ussion of the evolution of

this literature and attempts to deal with these issues. More re
ent studies, for example Gali and

Mona
elli (2008), 
ir
umvent the issue entirely by assuming 
omplete asset markets. This is the

approa
h followed, for example, in Blan
hard et al. (2014) who model the Eurozone as a two-
ountry

(
ore and periphery) version of Gali and Mona
elli (2008).

A 
ommon thread in both IRBC and NOE resear
h is that the 
omposition of �nan
ing �ows
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is not dis
ussed in detail beyond distinguishing between 
omplete markets and non-
ontingent bond

e
onomies, as explained in Devereux and Sutherland (2011) and Coeurda
ier and Rey (2012). The

authors provide a simple approximation method for portfolio 
hoi
e problems in general equilibrium

models that are solved using �rst order approximations around a non-sto
hasti
 steady state.

An ex
eption to this theme are papers whi
h spe
i�
ally address one of the enduring puzzles in

open e
onomy ma
roe
onomi
s, the home equity bias puzzle. Coeurda
ier and Gourin
has (2011) solve

jointly for the optimal equity and bond portfolio in an environment with multiple sho
ks. In Heath
ote

and Perri (2013), home bias arises be
ause endogenous international relative pri
e �u
tuations make

domesti
 assets a good hedge against labor in
ome risk. Coeurda
ier et al. (2010) emphasize trade in

sto
ks and bonds: domesti
 equity hedges labor in
ome risk while terms of trade sho
ks are hedged

using domesti
 and foreign bonds. Sihvonen (2018) studies the aggregate e�e
ts of equity home bias

in a model with nominal rigidities and �xed ex
hange rates. Even though overweighting home sto
ks

may be privately optimal, investment in home sto
ks is typi
ally ex
essive from a so
ial point of view.

Following Bernanke and Gertler (1989), many ma
roe
onomi
 papers introdu
e 
redit 
onstraints

at the entrepreneur level (Kiyotaki and Moore (1997), Bernanke et al. (1999), or Cooley et al. (2004)).

In all these models, the availability of 
redit limits 
orporate investment. As a result, 
redit 
onstraints

a�e
t the e
onomy by a�e
ting the size of the 
apital sto
k. Curdia and Woodford (2009) analyze the

impli
ation for monetary poli
y of imperfe
t intermediation between borrowers and lenders. Gertler

and Kiyotaki (2010) study a model where sho
ks that hit the �nan
ial intermediation se
tor lead to

tighter borrowing 
onstraints for entrepreneurs. We model sho
ks in a similar way. The di�eren
e is

that our borrowers are households, not entrepreneurs, and, we argue, as do Mian and Su� (2010), that

this makes a di�eren
e for the model's 
ross-se
tional impli
ations. In parti
ular, a striking feature

of the data is the strong 
orrelation between household leverage and employment a
ross regions and

over time, as do
umented in Midrigan and Philippon (2010) for the US.

2

Our framework builds on the

tradition of Campbell and Mankiw (1989), that feature impatient and patient 
onsumers. This type

of model has been used by Gali et al. (2007) to analyze the impa
t of �s
al poli
y on 
onsumption and

by Eggertsson and Krugman (2012) to analyze ma
roe
onomi
 dynami
s during the Great Re
ession.

Fornaro (2014) and Benigno and Romei (2014) study the e�e
t of deleveraging sho
ks in open

e
onomies with nominal rigidities. Fornaro (2014) 
ompares the 
onsequen
es of a tightening of the

2

For instan
e, Mian and Su� (2010) �nd that the predi
tive power of household borrowing remains the same in


ounties dominated by national banks. It is also well known that businesses entered the re
ession with histori
ally

strong balan
e sheets and were able to draw on existing 
redit lines (Ivashina and S
harfstein (2008)).

6



exogenous borrowing limit in Bewley e
onomies with and without nominal rigidities and �xed ex
hange

rates. Benigno and Romei (2014) 
onsider a two-
ountry model where one 
ountry is a debtor and

the other a 
reditor in the steady state, and analyze the e�e
t of a tightening in the borrowing limit.

In 
ontrast to these studies, we analyze a model where ea
h 
ountry is populated by both borrowers

and savers. This is an important distin
tion be
ause we know from the extensive resear
h on the US

experien
e that deleveraging in a 
losed e
onomy (or in an open e
onomy without a sudden stop) 
an

in itself 
reate a re
ession.

In re
ent work Ho�mann et al. (2018) �nd that the introdu
tion of the euro led to a more integrated

interbank market yet had little e�e
t on 
ross-border bank to �rm lending. They argue that the former

type of market integration did not lead to signi�
ant improvements in risk sharing. They impret the

eviden
e using a stylized DSGE model and also analyze the bene�ts of 
apital market integration.

However, we provide analyti
al results about the spe
i�
 types of sho
ks that 
an e�
iently shared

be in BU or in CMU. Moreover, we provide numeri
al results using a more standard ma
roe
onomi


model that also endogenizes portfolio holdings.

1 Model

We 
onsider a 
urren
y union 
omposed of several regions, ea
h of whi
h is populated by a (potentially

di�erent) measure of in�nitely lived households. Ea
h region produ
es a tradable domesti
 good and

households 
onsume both the domesti
 and the foreign goods. We will 
onsider two main spe
i�
ations.

One with two regions, home and foreign, as in standard models of international trade, and another

with a 
ontinuum of 
ountries, ea
h one small relative to the union, as in Gali and Mona
elli (2008).

Some results are easier to establish in one setup than in the other.

Following Mankiw (2000) and Eggertsson and Krugman (2012), we assume that within ea
h region,

households are heterogeneous in their degree of time preferen
e. Spe
i�
ally, in ea
h region there is a

fra
tion χ of impatient households, and 1−χ of patient ones. Patient households (indexed by i = s for

savers) have a higher dis
ount fa
tor than borrowers (indexed by i = b for borrowers): β ≡ βs > βb. We

denote the regions home and foreign, and indi
ate foreign variables and parameters with supers
ript ∗.

The e
onomies di�er with respe
t to the menu of traded assets whi
h a�e
t savers' budget 
onstraints.

3

3

For ease of exposition the equations presented below are valid when the two regions' populations are of equal measure;

we relegate the general model to the appendix.
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1.1 Preferen
es and te
hnology

Households of ea
h type and in ea
h region derive utility from 
onsumption and labor:

Et

∞
∑

t=0

βt [logCi,t − ν (Ni,t)] , for i = b, s,

where Ci,t is a 
omposite good that aggregates goods produ
ed by the home (Ch) and foreign (Cf )


ountries

logCi,t = (1− α) log (Ch,i,t) + α log (Cf,i,t) ,

and α < 1
2 is a measure of the openness to trade of the e
onomy; equivalently, 1 − α measures home

bias in 
onsumption. With these preferen
es, the home 
onsumption-based pri
e index (CPI) is

Pt = (Ph,t)
1−α

(Pf,t)
α
,

where Ph,t and Pf,t are the time t produ
er pri
e indi
es (PPI) in the home and foreign 
ountries,

respe
tively. Assuming the law of one pri
e, the foreign pri
e index is P ∗
t =

(

P ∗
f,t

)1−α (

P ∗
h,t

)α

.

The home and foreign goods are in turn 
ompositions of intermediate goods produ
ed in ea
h of the


ountries, whi
h are aggregated into the �nal 
onsumption goods using the following 
onstant elasti
ity

of substitution te
hnologies:

Ch =

[∫ 1

0

c (j)
ǫ−1

ǫ
dj

]

ǫ
ǫ−1

.

The PPIs in ea
h region are therefore:

Ph,t =

[∫ 1

0

pt (j)
1−ǫ

dj

]

1
1−ǫ

,

where pt(j) are pri
es of intermediate goods. The produ
tion of intermediate goods is linear in labor

Nt, so the marginal 
ost of produ
tion for ea
h intermediate produ
er is simply the wage rate Wt.

1.2 Wage setting

We assume that wages are sti
ky and we ration the labor market uniformly a
ross households. This

assumption simpli�es the analysis be
ause we do not need to keep tra
k separately of the labor in
ome

of patient and impatient households within a 
ountry. Not mu
h 
hanges if we relax this assumption,
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ex
ept that we lose some tra
tability.

4

Wage dynami
s are determined by a Phillips 
urve with slope

κ

Wt = Wt−1 (1 + κ (Nt −Nss)) ,

where Nss is steady-state employment. The assumption that wages are sti
ky is not important for

the theoreti
al results though matter for the numeri
al welfare bene�ts of BU and CMU. The monop-

olisti
ally 
ompetitive intermediate goods produ
ers set their pri
es �exibly every period. It follows

that:

pt (j) = Ph,t = µWt, ∀j, t,

where µ ≡ ǫ/ (ǫ− 1) is a markup over the marginal 
ost Wt. Sin
e intermediate goods produ
ers


harge a markup over marginal 
ost, they earn pro�ts

Πt = (Ph,t −Wt)Nt = (µ− 1)WtNt.

1.3 Borrowers' budget 
onstraint

The budget 
onstraint of impatient households (borrowers) in ea
h 
ountry is given by

Bt+1

Rt
+WtNt − T b

t = PtCb,t + Bt.

Where Bt is the fa
e value of debt issued in period t− 1 by borrowers, Rt is the nominal interest rate

between t and t+1 and Tt are lump sum taxes. Borrowing is denominated in units of the 
urren
y of

the monetary union and is subje
t to an exogenous limit B̄t+1:

Bt+1 ≤ B̄t+1.

We will assume throughout that borrowers are impatient enough that they always borrow up to the


onstraint, so Bt+1 = B̄t+1.

4

In response to a negative sho
k, impatient households would try to work more. The predi
tion that hours in
rease

more for 
redit 
onstrained households appears to be 
ounter-fa
tual however. One 
an �x this by assuming a low

elasti
ity of labor supply, whi
h essentially boils down to assuming that hours worked are rationed uniformly in response

to sla
k in the labor market. Assuming that the elasti
ity of labor supply is small (near zero) also means that the natural

rate does not depend on �s
al poli
y. In an extension we study the 
ase where the natural rate is de�ned by the labor

supply 
ondition in the pseudo-steady state ν′
(

n⋆
i

)

= (1− τj)
wj

xi,j
. We 
an then ration the labor market relative to their

natural rate: ni,j,t =
n⋆
i (τ)∑

i n⋆
i
(τ)

nj,t where n⋆
i (τ) is the natural rate for household i in 
ountry. This ensures 
onsisten
y

and 
onvergen
e to the 
orre
t long run equilibrium. Steady state 
hanges in the natural rate are quantitatively small,

however, so the dynami
s that we study are virtually un
hanged. See Midrigan and Philippon (2010) for a dis
ussion.
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1.4 Monetary and �s
al poli
y

The monetary poli
y rule is not important for the theoreti
al results. However, in the 
alibrations we

assume that it takes the form of a Taylor rule. That is, the nominal interest rate in the 
urren
y union

R̄ is set by the 
entral bank a

ording to

R̄t = Rss

((

Yt

Yss

)(

Y ∗
t

Y ∗
ss

))φY
((

πt

πss

)(

π∗
t

π∗
ss

))φπ

,

where Rss, Yss and πss are the steady state interest rate, output and in�ation, respe
tively. The

government budget 
onstraint is:

Bg
t+1

Rt
= Ph,tGt − Tt +Bg

t , (1)

The rate on government debt is Rt and tax re
eipts are Tt = χT b
t + (1− χ)T s

t .

1.5 Savers' budget 
onstraint in ea
h of the e
onomies

Segmented Markets (SMU) and Banking Union (BU) Savers save at the rate Rs
t . The savers'

budget 
onstraint is

St +WtNt − T s
t +

Πt

1− χ
= PtCs,t +

St+1

Rt
,

where Πt are per-
apita pro�ts from intermediate good produ
ers. Only savers in ea
h 
ountry have


laims to these pro�ts, so

Πt

1−χ are pro�ts per saver. Under BU, the interest rate at home is always

equal to the interest rate in the union: Rt = R̄t for all t. Under SMU, on the other hand, we 
an have

Rt 6= R̄t.

Capital Market Union (CMU) In a 
apital market union savers 
an trade a non-
ontingent bond,

a home sto
k and a foreign sto
k. The savers' budget 
onstraints in the home region is

St+WtNt−T s
t +ϕt

(

Vt +
Πt

1− χ

)

+(1− ϕ∗
t )

(

V ∗
t +

Π∗
t

1− χ

)

= ϕt+1Vt+
(

1− ϕ∗
t+1

)

V ∗
t +PtCs,t+

St+1

Rt
.

Similarly, abroad we have

S∗
t +W ∗

t N
∗
t −T ∗

t +ϕ∗
t

(

V ∗
t +

Π∗
t

1− χ

)

+(1−ϕt)

(

Vt +
Πt

1− χ

)

= ϕ∗
t+1V

∗
t +(1− ϕt+1)Vt+P ∗

t C
∗
s,t+

S∗
t+1

Rt
,
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where ϕt are the home savers' aggregate holdings of the home sto
k and ϕ∗
t are the foreign savers'

holdings of the foreign sto
k. Moreover, Vt and V ∗
t are the pri
es of the home and foreign sto
k,

respe
tively, that represent 
laims to the aggregate pro�t streams in the 
ountries.

Complete Markets In the 
omplete markets e
onomy, savers have a

ess to a full set of state


ontingent se
urities. We denote pur
hases at time t of se
urities paying o� one unit of 
urren
y at

time t+1 
ontingent on the realization of state st+1 following history st by Dt+1 (st+1, s
t); this se
urity

has a time t pri
e Qt (st+1, s
t):

St +WtNt − T s
t +

Πt

1− χ
+

∫

st+1

Qt

(

st+1, s
t
)

Dt+1

(

st+1, s
t
)

= Dt

(

st+1, s
t
)

+ PtCs,t +
St+1

Rt
.

1.6 Equilibrium 
onditions

Let us summarize the key equations of the model. Demand fun
tions for the home and foreign 
on-

sumption bundles by savers and borrowers are given by

Ph,tCh,i,t = (1− α)PtCi,t (2)

Pf,tCf,i,t = αPtCi,t.

Sin
e borrowers are always at their borrowing limit, their 
onsumption is determined by their budget


onstraint

PtCb,t =
B̄t+1

Rt
+WtNt − Tt − B̄t. (3)

Savers are un
onstrained and their 
onsumption is determined by their Euler equation and budget


onstraint (whi
h di�ers a
ross e
onomies, as presented in se
tion 1.5):

1

PtCt
= βRtEt

[

1

Pt+1Ct+1

]

. (4)

Market 
learing in goods is given by

Nt = χCh,b,t + (1− χ)Ch,s,t + χ∗C∗
h,b,t + (1− χ∗)C∗

h,s,t +Gt,

11



where Gt is spent on home goods only. Substituting in for demand fun
tions and expressing in nominal

terms, nominal output is

Ph,tNt = (1− α) (χPtCb,t + (1− χ)PtCs,t) + α∗
(

χ∗P ∗
t C

∗
b,t + (1− χ∗)P ∗

t C
∗
s,t

)

+ Ph,tGt. (5)

Finally, market 
learing for bonds requires

(1− χ)St+1 + (1− χ∗)S∗
t+1 = χBt+1 + χ∗B∗

t+1 +Bg
t +Bg∗

t , (6)

and (if available) for Arrow-Debreu se
urities Dt (st+1, s
t) = D∗

t (st+1, s
t) for all st+1.

2 Deleveraging Sho
ks under SMU and BU

2.1 Small Open E
onomies in a BU

In this se
tion we study demand sho
ks under BU, 
oming from private borrowing or �s
al poli
y. We

�rst derive analyti
al results for the impa
t of these sho
ks on a small open e
onomy. We then study

the 
ase of two regions. Finally, we also study the e�e
t of a deleveraging sho
k large enough to make

the zero lower bound on the nominal interest rate binding.

5

Under BU, the funding 
ost is the same in all regions. Let us �rst de�ne the k-period dis
ount rate

from the savers' perspe
tive as Rt,k ≡ Rt × ..×Rt+k−1, with the 
onvention Rt,0 = 1. We also de�ne

Ỹt ≡ Ph,tNt − Tt as private disposable in
ome and Ft as nominal exports (in the 
ase of two regions

this is simply Ft = α∗P ∗
t C

∗
t ).

The �rst step is to write the 
urrent a

ount equilibrium in market values. We then have the

following Lemma:

Lemma 1. The inter-temporal 
urrent a

ount 
ondition for 
ountry j is

α

(

(1− χ)St − χBt + Et

∞
∑

k=0

Ỹt+k

Rt,k

)

= (1− χ)St − χBt −Bg
t + Et

∞
∑

k=0

Ft+k

Rt,k
. (7)

Proof. See Appendix.

On the left we have the net present value of all future imports, whi
h is a share α of private wealth,

5

To solve the model when the ZLB o

asionally binds we use Guerrieri and Ia
ovello's O

Bin toolbox; see Guerrieri

and Ia
ovello (2014) for details.
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whi
h itself equals �nan
ial wealth plus the value of disposable in
ome. On the right we have net

foreign assets plus the value of exports (Ft). The key point here is that the inter-temporal 
urrent-

a

ount 
ondition pins down the NPV of disposable in
ome, as a fun
tion of 
urrent assets and foreign

demand. With unit demand elasti
ity (log-preferen
es) nominal exports are exogenous to the small

open e
onomy.

The next step is to 
onsider the program of the savers. With log-preferen
es, we 
an write the

savers' problem as

maxEt

∑

t≥0 β
t log (PtCs,t)

s.t. PtCs,t +
St+1

Rt
= St + Ỹ s

t .

The inter-temporal budget 
onstraint of savers is

Et

∞
∑

k=0

Pt+kCs,t+k

Rt,k
= St + Et

∞
∑

k=0

Ỹ s
t+k

Rt,k
, (8)

where Ỹ s
t = WtNt − T s

t + Πt

1−χ is the disposable in
ome of savers. Savers have a 
laim on 
orporate

equity and might fa
e di�erent taxes than borrowers who earn Ỹ b
t = WtNt − T b

t . To derive our �rst

result, we need to make a 
onne
tion between the disposable in
ome of savers Ỹ s
t that enters Equation

(8), and the average disposable in
ome Ỹt = (1− χ) Ỹ s
t + χỸ b

t that enters Equation (7). If taxes are

arbitrary, there is of 
ourse very little that we 
an say. We therefore restri
t our attention to a 
lass

of �s
al poli
ies where the following 
ondition holds.

Condition 1. The present value of savers's in
ome is a simple fun
tion (linear, a�ne, et
.) of

that of average disposable in
ome

Et

∞
∑

k=0

Ỹ s
t+k

Rt,k
∼ Et

∞
∑

k=0

Ỹt+k

Rt,k
.

Condition 1 imposes restri
tions on �s
al poli
y, but it holds in many natural settings. The simplest

example is uniform �at taxation of all in
ome at rate τt, i.e., T
b
t = τtWtNt and T s

t = τt

(

WtNt +
Πt

1−χ

)

.

In that 
ase, Ỹ b
t = (1− τt)WtNt and Ỹ s

t = (1− τt)
(

WtNt +
Πt

1−χ

)

= (1− τt)WtNt

(

1 + µ−1
1−χ

)

. There-

fore all taxes, in
ome and pro�ts are proportional to WtNt. In parti
ular Ỹt = µ (1− τt)WtNt, and

13



therefore Ỹ s
t = 1

µ

(

1 + µ−1
1−χ

)

Ỹt. All disposable in
omes are dire
tly proportional, period-by-period,

whi
h is mu
h stronger than Condition 1. Note the important fa
t that markups are 
onstant: we will

return to this issue in the next se
tion.

If we 
ombine Lemma 1 and Condition 1, we obtain the following result.

Lemma 2. Under Condition 1 and log-preferen
es, nominal spending by savers (PtCs,t) does not rea
t

to private 
redit sho
ks (B̄t+1) or to �s
al poli
y (neither Gt nor Tt). Spending only rea
ts to interest

rate and foreign demand sho
ks.

Proof. Lemma 1 shows that the net present value of disposable in
ome is a fun
tion of exa
tly four

variables:

Et

∞
∑

k=0

Ỹt+k

Rt,k
≡ Ω

(

St, Bt, B
g
t ,Et

∞
∑

k=0

Ft+k

Rt,k

)

,

where the �rst three variables (saving, household debt, publi
 debt) are predetermined at time t and

the last one (exports in euros) is exogenous under log preferen
es. Therefore, equation (8) is in fa
t

Et

∞
∑

k=0

Pt+kCs,t+k

Rt,k
∼ St +Ωt.

So 
urrent spending of savers only depends on Ωt and the path of interest rates. In parti
ular, for

given Ωt and interest rates, it 
annot depend on 
ontemporaneous or future private 
redit and �s
al

poli
y.

Lemma 2 
lari�es the behavior of savers. Their nominal spending rea
ts neither to 
redit sho
ks

nor to �s
al sho
ks. This is surprising be
ause 
hanges in borrowing 
onstraints or in �s
al poli
y


reate �u
tuations in GDP and in disposable in
ome Ỹt. The key result is that the ma
roe
onomi


value of these inter-temporal disturban
es 
an
els out in a parti
ular way. Suppose Bt+1 goes up.

This in
reases demand by impatient households, 
reates a boom, and in
reases the disposable in
ome

of savers. However, when the debt is repaid, with interest, it lowers GDP in su
h a way that the net

present value of disposable in
ome does not 
hange. Changes in Bh
t+1, Gt+1, Tt+1 have no e�e
t on the

permanent nominal in
ome of patient agents. As a result, patients agents keep their nominal spending


onstant. These results hinge on our use of the preferen
es of Cole and Obstfeld (1991). In a small open

e
onomy, foreign demand is exogenous, so the proposition 
ompletely 
hara
terizes the equilibrium

behavior of savers. Finally, it is worth emphasizing that our results refer to expenditures, not real


onsumption. Even when expenditures remain 
onstant, real 
onsumption moves with in�ation; in
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realisti
 settings, in�ation responses are relatively small. We 
an now state our �rst main result.

Proposition 1. For a small open e
onomy subje
t to private and publi
 leveraging and deleveraging

sho
ks, the Banking Union a
hieves the Complete Markets allo
ation.

Proof. Under BU, the interest rate is the same in all regions and is independent of idiosyn
rati
 sho
ks

to the SOE. Given interest rates, savers' spending PtCs,t is 
onstant. On the other hand, the 
omplete

market out
ome is 
hara
terized by the Ba
kus-Smith 
ondition, whi
h, with log preferen
es, takes the

form

C∗
s,t

Cs,t
∼

Pt

P ∗
t

.

Sin
e sho
ks to an SOE do not a�e
t foreign pri
es or quantities, it follows that the 
omplete market


ondition is also that PtCs,t remains 
onstant. Hen
e, in response to deleveraging sho
ks, the BU

repli
ates the 
omplete market e
onomy.

Proposition 1 shows that a banking union is enough to deal with any 
ross-se
tional distribution

of debt deleveraging and �s
al sho
ks. Martin and Philippon (2017) show that segmented markets,

on the other hand, 
an be very ine�
ient. They �nd that spreads go up during episodes of private

deleveraging, mostly be
ause of stress in the banking se
tor. This leads savers (or �rms under Q-

theory) to 
ut spending pre
isely when the e
onomy is in re
ession, exa
erbating the downturn. Similar


on
lusions 
an be also be drawn from the numeri
al 
alibrations in this paper

Proposition 1 is di�erent from previous hedging results in the international ma
roe
onomi
s litera-

ture su
h as those in Coeurda
ier and Gourin
has (2011)and Coeurda
ier et al. (2010). They 
onsider

two 
ountry models with trading in two real bonds as well as equity 
laims. They �nd that 
ountries


an share risks using stati
 positions in the real bonds. Instead we 
onsider a setting with trading

in one nominal bond with a 
ommon interest rate. We show that 
ountries 
an share risks using

an essentially dynami
 
ross-
ountry borrowing strategy with this bond. Our result is also di�erent

from the resuls inEngel and Matsumoto (2009) who show that agents 
an hedge risks through a stati


forward position in foreign ex
hange.

2.2 Two Countries and ZLB

Our next task is to study the 
ase of sho
ks hitting a large e
onomy. Proposition 1 is exa
tly 
orre
t

in a SOE (i.e. a small periphery 
ountry). With two e
onomies, foreign demand depends (partly)
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on domesti
 demand and therefore on domesti
 deleveraging. In addition, the 
entral bank rea
ts by


hanging the risk free rate.

In spite of these di�eren
es we �nd that the result of Proposition 1 remains (approximately) 
orre
t.

The intuition is as follows. First, we know that savers do not rea
t in a SOE. With two 
ountries,

foreign demand is endogenous, but this e�e
t is small be
ause it depends on two 
onse
utive 
ross-

border spillovers: the pass-through of domesti
 demand onto foreign in
ome, and then from foreign

in
ome ba
k to foreign demand for home goods. The spillover is quantitatively small.

6

The se
ond important di�eren
e is the Taylor rule. Of 
ourse, the rea
tion of the monetary author-

ity has a dire
t impa
t on the dynami
s of the e
onomy. But the key point is that this impa
t is the

same under BU and under CM. Why? Be
ause savers fa
e the same interest rate in both 
ountries.

The impulse response to a domesti
 deleveraging sho
k in ea
h of the two-region e
onomies is

depi
ted in Figure 1. The responses of all variables ex
ept the Stand St+1 are virtually the same in

ea
h of the e
onomies. The ranking of the magnitude of equilibrium adjustment in domesti
 savings St

is intuitive: in the BU e
onomy greater adjustment is required than in the 
omplete markets e
onomy.

The aggregate (
urren
y union-wide) response to a deleveraging sho
k obviously depends on how

monetary poli
y rea
ts. Our results show that, 
onditional on whatever the 
entral bank does, the BU

and 
omplete market e
onomies behave in virtually identi
al ways after deleveraging sho
k. One might

wonder, however, if this result 
ould be over-turned if the 
entral bank is 
onstrained by the zero lower

bound. We �nd that this is not the 
ase: our result also holds at the ZLB. Figure 2 depi
ts impulse

responses to a deleveraging sho
k large enough to make the ZLB bind. Naturally, when the ZLB binds

the 
entral bank is unable to lower the interest rate enough to stabilize aggregate employment in the


urren
y union.

We 
on
lude that a su

essful banking union � or any union that guarantees that rates of returns

are equalized a
ross regions � is enough to deal with demand sho
ks stemming from �s
al poli
y or

from private 
redit 
y
les.

3 Bene�ts of a Capital Market Union: the Theory

In this se
tion we fo
us on the bene�ts of a 
apital market union. Spe
ial attention is given to

te
hnology sho
ks in the form of �quality� sho
ks to the goods sold by domesti
 �rms. Formally, we

6

Proposition 1 remains approximately 
orre
t also for other reasonable values for the elasti
ity of substitution pa-

rameter than one.
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Figure 1: Private Deleveraging in 2-Country Model
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Figure 2: Private Deleveraging in 2-Country Model with ZLB
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model these sho
ks as an unanti
ipated 
hange to α∗
, the preferen
e of foreigners for domesti
 goods.

In response to these sho
ks, domesti
 �rms be
ome more pro�table, while foreign �rms be
ome less

pro�table. The banking union will not be able to share this kind of risk. However, the 
apital market

union 
an in prin
iple share these types of sho
ks. This result is highlighted in the following proposition

that summarizes the types of sho
ks that 
an e�
iently shared in a CMU

Proposition 2. It is possible to repli
ate the 
omplete market allo
ation in a 
apital market union

subje
t to (home or foreign) quality, TFP as well as various preferen
es sho
ks using stati
 equity

positions and no-
ross 
ountry borrowing.

Proof. Given symmetri
 
ountries the 
omplete market 
ondition is PtCt = P ∗
t C

∗
t . Imposing sym-

metri
 and 
onstant sto
k positions as well as 
onstant taxes and borrowing limits (these are relaxed

later), the savers' budget 
onstraints are

B̄ +WtNt − T + ϕ
Πt

1− χ
+ (1 − ϕ)

Π∗
t

1− χ
= PtCs,t +

B̄

Rt

and

B̄ +W ∗
t N

∗
t − T + ϕ

Π∗
t

1− χ
+ (1− ϕ)

Π∗
t

1− χ
= P ∗

t C
∗
s,t +

B̄

Rt
.

Quality sho
ks a�e
t �rm pro�ts and labor in
ome. Subtra
ting the borrowing 
onstraints, imposing

the 
omplete market 
ondition and using the produ
tion fun
tion yields

(WtNt −W ∗
t N

∗
t )

(

1 +
(2ϕ− 1)(µ− 1)

1− χ

)

= 0

Away from the indetermina
y 
ase where labor in
ome in both 
ountries is always the same, we 
an

solve

ϕ =
1

2
−

1

2

1− χ

µ− 1
.

With these sto
k positions the 
omplete market 
ondition holds for arbitrary labor in
ome realizations.

The 
omplete market 
ondition also ensures that the Euler equations for the sto
ks and the bond hold.

Therefore the above sto
k positions and no-
ross 
ountry borrowing 
onstitute an equilibrium.

To e�
iently share quality sho
ks, savers should underweight home sto
ks. In pra
ti
e various

fri
tions might lead savers to do the opposite and overweight home sto
ks. This type of 
apital market

union with partially segmented equity markets is able to share some but not all of the risks related
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with the sho
ks.

Note that the proposition holds for various di�erent types of sho
ks in
luding quality sho
ks and

TFP sho
ks. It also holds for all types of preferen
e sho
ks that do alter the 
omplete market 
ondition.

This in
ludes sho
ks to the disutility of labor that 
ould a�e
t the Phillips 
urve for wages. Moreover,

here the number of sho
ks 
an be 
learly higher than the number of assets. This is against the standard

rule that obtaining the 
omplete market out
ome requires at least as many assets as sho
ks. However,

this result hinges on a spe
i�
 form for the produ
tion fun
tion.

Figure 3 shows the out
ome to a quality sho
k in a banking union, a partial 
apital market union

(with equal weights on home and foreign sto
ks), and 
omplete markets (equivalently, a CMU with

optimal weights). In a 
omplete market savers' spendings in the two 
ountries are equalized. Propo-

sition 2 shows that, if sto
k positions are 
hosen 
orre
tly, the 
apital market out
ome 
oin
ides with

the 
omplete market 
ase. However, with equal weights on home and foreign sto
ks, savers' spending

in the home 
ountry in
reases relative to that in the foreign 
ountry. However, this in
rease is milder

than in a banking union.

Note that our de�nition of a banking union features perfe
t home bias in equity. On the other

hand we de�ne a 
apital market union as the optimal 
ross-border holdings of equity. Under a banking

union some fri
tion prevents savers from optimally diversifying their equity holdings. E�e
tively a


apital market union 
an be de�ned as the removal of the fri
tion leading savers to underdiversify.

Su
h a fri
tion 
an represent for example information 
olle
tion 
osts. However, we do not expli
itly

model this fri
tion. For more elaborate mi
rofoundations for equity home bias as well as related

dis
ussion see for example Coeurda
ier and Rey (2013) and Sihvonen (2018).

Simultaneous Supply and Demand Sho
ks Proposition 1 shows that a banking union is able

to share demand sho
ks using dynami
 borrowing. Proposition 2 argues that a 
apital market union


an share quality sho
ks using stati
 equity positions. These propositions 
an be 
ombined to yield

the following proposition that e�e
tively shows that the above two propositions mostly add up ni
ely

Proposition 3. When ea
h 
ountry is small, it is possible to repli
ate the 
omplete market allo
ation

in a 
apital market union subje
t to both (idiosyn
rati
) deleveraging and arbitrary foreign quality and

various preferen
e sho
ks using stati
 equity positions and dynami
 
ross-
ountry borrowing.

Proof: See Appendix.
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Figure 3: Quality Sho
ks in BU and CMU

2 4 6 8 10
9

9.5

10
*

2 4 6 8 10
1

2

3
n

2 4 6 8 10
-3

-2

-1
n*

2 4 6 8 10
-1

0

1
n+n*

2 4 6 8 10
0

1

2
pc

s

2 4 6 8 10
-2

-1

0
p*c

s
*

2 4 6 8 10

3

3.5

4
pc

b

2 4 6 8 10
-4

-3.5

-3

p*c
b
*

2 4 6 8 10
-1

0

1
R

2 4 6 8 10
2.5

3

3.5
y

2 4 6 8 10
-3.5

-3

-2.5
y*

2 4 6 8 10
0

10

20

30
s

2 4 6 8 10
-30

-20

-10

0
s*

2 4 6 8 10
0

1

2

p
h

2 4 6 8 10
-2

-1

0
p

h
*

2 4 6 8 10
2.5

3

3.5

2 4 6 8 10
-3.5

-3

-2.5
*

Notes: Impulse responses to 10% sho
k to α∗
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ks.
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4 A Model with Capital

In this se
tion, we extend the model to in
lude physi
al 
apital and study the 
onsequen
es of 
orporate


apital �nan
ing. We also study standard TFP sho
ks. These sho
ks have di�erent impli
ations in

terms of employment and in�ation 
ompared to the �quality� sho
ks above. Adding 
apital to the model

does not a�e
t the key results of the paper. However, introdu
ing investment quantitatively a�e
ts the

welfare bene�ts of a banking and 
apital market union. This o

urs partly be
ause investment lowers

the 
orrelation between dividends and labor in
ome redu
ing the hedging bene�ts of foreign equity.

We use this extended model for the evaluating the numeri
al welfare gains of a BU and CMU.

4.1 Model Stru
ture

Final goods produ
ers As before, 
ompetitive �nal goods produ
ers produ
e the 
onsumption the

good using a CES te
hnology that aggregates intermediate goods:

Yt =

(∫ 1

0

Y
ǫ−1

ǫ

j,t dj

)

ǫ
ǫ−1

.

Intermediate goods produ
ers Intermediate goods, however, are produ
ed by monopolisti
ally


ompetitive �rms using a Cobb-Douglas te
hnology with labor and 
apital as inputs:

Yj,t = AtN
1−η
j,t Kη

j,t.

Where At is an aggregate, 
ountry spe
i�
 produ
tivity sho
k. Intermediate goods produ
ers are owned

by shareholders in the home and foreign 
ountry and maximize dividend payo�s to shareholders (dj,t),

dis
ounted using the average dis
ount fa
tor (m̄0,,t) of savers in the two 
ountries

maxEt

∞
∑

s=0

m̄t,t+sdj,t+s

The weights for the dis
ount fa
tors are given by the sto
k positions. For example if home savers hold

most of the equity of home �rms, home �rms put more weight on the dis
ount fa
tor of home savers.

The �rms 
an transfer the aggregate 
onsunption good into 
apital through investment. Dividends

are:

dj,t = Pj,tYj,t −WtNj,t − PtIj,t − Ptf(Ij,t).
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Where Ij,t, Pj,t, Nj,t and Yj,t are intermediate produ
er j's investment, pri
e, employment and output

at time t, Wt is the wage rate in the 
ountry. Moreover, f(Ij,t)is the investment adjustment 
ost. Here

we set

f(Ij,t) =
θ

2

(

It,j
It−1,j

− 1

)2

.

Firm j's 
apital evolves a

ording to:

Kj,t+1 = (1− δ)Kj,t + Ij,t.

And it fa
es a downward sloping demand 
urve from produ
ers of the �nal good:

Yj,t =

(

Pj,t

Ph,t

)−ǫ

Yt.

Intermediate goods produ
ers set pri
es �exibly. It follows that they all set the same pri
e, labor

demand and investment level.

Nt = Nj,t, It = Ij,t, Ph,t = Pj,t, Kt = Kj,t.

Optimal investment is determined by the following equation:

Pt + Ptθ

(

Ij,t
Ij,t−1

− 1

)

1

Ij,t−1
= Etmt,t+1

[

Pj,t+1η
Yj,t+1

Kj,t+1
+ Pt+1θ

(

Ij,t+1

Ij,t
− 1

)

Ij,t+1

I2j,t
+Ψt+1

]

.

Here

Ψt+1 = (1− δ)Et+1mt+1,t+2Pj,t+2η
Yj,t+2

Kj,t+2
+ ...

This 
an be written in re
ursive form as

Pt + Ptθ

(

Ij,t
Ij,t−1

− 1

)

1

Ij,t−1
= Etmt,t+1

[

Pj,t+1η
Yj,t+1

Kj,t+1
+ Pt+1θ

(

Ij,t+1

Ij,t
− 1

)

Ij,t+1

I2j,t
+At+1

]

.

Here
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At+1 = (1− δ)

[

Pt+1 + Pt+1θ

(

Ij,t+1

Ij,t
− 1

)

1

Ij,t
− Et+1mt+1,t+2Pt+2θ

(

Ij,t+2

Ij,t+1
− 1

)

Ij,t+2

I2j,t+1

]

.

The pri
e is a 
onstant markup over marginal 
ost

Ph,t = µMCt.

Here

µ ≡
ǫ

ǫ− 1

MCt =
Wt

(1− η)Yt/Nt
.

4.2 Numeri
al Welfare Bene�ts of a Banking Union

In this se
tion we use the model with 
apital to estimate the welfare bene�ts of a banking union.

Under segmented markets, the private 
osts of funds are not equalized a
ross regions. Martin and

Philippon (2017) and Gourin
has et al. (2016) quantify the extent of the dispersion in funding 
osts

during the Eurozone 
risis. The simplest interpretation is that domesti
 banks intermediate savings

and investment, so that the private 
ost of fund is pinned down by the banking system. Formally, in

log-deviations from steady state, we have

rt = rbt

where rbt is the banks' funding 
ost. We 
an then 
onsider a small island subje
t to a spread sho
k rbt

and a private leverage sho
k B̄t . We estimate these sho
ks using data from the Eurozone.

7

Spread

di�eren
es between 
ountries in
rease 
onsumption volatility and lower welfare. The banking union

redu
es 
onsumption volatility by equalizing interest rates between 
ountries. The results are given in

table 2 that shows the volatilities of (log) 
onsumptions for savers, borrowers as well as for aggregate

7

The borrowing limit follows the pro
ess

log B̄i,t − log B̄i,t−1 = −0.01× (log B̄i,t−1 − log B̄) + 0.85×

(

log B̄i,t−1 − log B̄i,t−2

)

+ 0.04ǫbi,t

and the spread the pro
ess

rbi,t = 0.9rbi,t−1 + 0.003ǫri,t

and the 
orrelation between the two sho
ks is

corr
(

ǫbi,t, ǫ
r
i,t

)

= −0.3.

The investment adjustment 
ost is estimated in the next se
tion.
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Table 2: Consumption volatilities under segmented markets and a banking union, no supply sho
ks

Segmented markets Banking union

Savers' 
onsumption volatility 7.9% 0.1%

Borrowers' 
onsumption volatility 10.0% 2.7%

Aggregate 
onsumption volatility 6.4% 0.8%

Table 3: Consumption volatilities under segmented markets and a banking union, also supply sho
ks

Segmented markets Banking union

Savers' 
onsumption volatility 13.0% 7.9%

Borrowers' 
onsumption volatility 21.2% 10.0%

Aggregate 
onsumption volatility 13.0% 6.4%


onsumption. The banking union eliminates almost all of the 
onsumption volatility of savers. This

is 
onsistent with Proposition 1 a


ording to whi
h the banking union attains the 
omplete market

out
ome subje
t to deleveraging sho
ks. It also suggests that the Proposition holds well in the extended

model with 
apital. The banking union also leads to a substantial redu
tion in the 
onsumption

volatility of borrowers and a 
lear de
line in the volatility of aggregate 
onsumption.

Due to logarithmi
 preferen
es the welfare bene�ts of these 
hanges are still relatively small. How-

ever, we 
ould in
rease this welfare gain by raising savers' risk aversion possibly through the use of

re
ursive preferen
es (Epstein and Zin (1989)).

Table 3 des
ribes the volatilities when adding an additional supply sho
k modeled as a quality

sho
k. The estimation of this sho
k is des
ribed in the next se
tion. Now the banking union does not

lead to zero volatility for savers but still implies a 
lear redu
tion in all 
onsumption volatilities.

4.3 Numeri
al Welfare Bene�ts of a Capital Market Union

In this se
tion we argue that the welfare gains of moving from a banking union to a 
apital market

union 
an be large. As before we employ the model with 
apital but now with two 
ountries. The

results are sensitive to the sho
ks used. Due to Cole-Obstfeld preferen
es, TFP sho
ks do not 
reate

large 
hanges in the total value of output or dividends in ea
h 
ountry. Sharing su
h sho
ks therefore

requires fairly little equity market diversi�
ation and 
onsumption volatilities in ea
h 
ountry are

generally insensitive to the level of diversi�
ation. On the other hand, su
h sho
ks tend to lead to a


ounterfa
tually low 
orrelation between dividends and labor in
ome.

For this reason we 
alibrate the model with quality rather than produ
tivity sho
ks. We also

employ deleveraging sho
ks. Su
h sho
ks tend to lead to more �u
tiations in nominal output levels

than produ
tivity sho
ks. However, as implied by our main proposition these sho
ks 
an be shared
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Table 4: Consumption volatilities under a banking union and a 
apital market union

Banking union, ϕ = 0.8 Capital market union, ϕ = 0.16
Savers' 
onsumption volatility 6.4% 4.1%

Borrowers' 
onsumption volatility 9.8% 8.4%

Aggregate 
onsumption volatility 5.8% 2.3%

Table 5: Positive Externalities of a CMU

Uninternalized Volatility Redu
tion Share of Total Volatility Redu
tion

Savers 0.4% 17%

Borrowers 1.4% 100%

using a bond and, similarly to produ
vity sho
ks, require little equity market diversi�
ation.

We estimate the sho
k pro
esses using a home sto
k position of ϕ = 0.8. The implied 
orrelation

between relative dividends and labor in
ome is roughly 0.8, whi
h is 
lose to the average number for

EU 
ountries 
al
ulated by Coeurda
ier et al. (2010)

8

. After that we numeri
ally solve for the optimal

home sto
k position from an individual saver's perspe
tive using the method des
ribed by Devereux

and Sutherland (2011). The optimal home sto
k position is 
onstant up to se
ond order and given

by ϕ = 0.16. We do not model the fri
tion leading agents to 
hoose a larger than optimal home

sto
k position. As in for example ?, we 
an think of this fri
tion as a se
ond order term that a�e
ts

ma
roe
onomi
 
onditions through its impa
t on sto
k positions. We then 
ompare the volatilities of

log 
onsumptions under the two di�erent levels of equity market diversi�
ation.

The results are given in table 4. In
reasing equity market diversi�
ation leads to 36% redu
tion

in the volatility of savers. Interestingly in
reased risk sharing by savers stabilizes the e
onomy also

implying a 
lear redu
tion in the 
onsumption volatility of borrowers. Note that in 
ontrast to our

initial de�nition, the banking union mat
hes the empiri
al amount of equity home bias instead of

featuring perfe
t home bias.

Table 5des
ribes the positive externalities of a CMU. The savers do not internalize the gains a

ruing

to borrowers so we 
an think of this full volatility redu
tion as a positive externality. However, there

are positive externalities also for savers. If a single saver lowers his sto
k position to ϕ = 0.16, she

would fa
e a 
onsumption volatility of roughly 4.5%. That is roughly 20% of the volatility redu
tion

gains a

ruing to savers are uninternalized. This is both due to pe
uniary and aggregate demand

externalities.

8

If we mat
h a smaller 
orrelation value, the welfare bene�t of a CMU is somewhat lower but still signi�
ant.
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5 Con
lusion

We de�ne a banking union as an institution that ensures that private funding 
osts are equalized a
ross

regions in a 
urren
y union. We de�ne a 
apital market union as the optimal 
ross-border ownership

of 
orporate equity.

We �nd that a banking union 
an e�
iently share demand sho
ks. Remarkably, with unit demand

elasti
ities, the banking union exa
tly repli
ates the 
omplete market out
ome. We �nd that a 
apital

market union 
an e�
iently share supply sho
ks.

We estimate that the gains of moving from SM to BU are large if we 
alibrate the model with

re
ent data. The gains of moving from BU to CMU are also signi�
ant.
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Appendix

A Equilibrium Conditions of the Base Model

A.1 Home

PtCb,t =
B̄t+1

Rt
+WtNt − Tt − B̄t

1

PtCs,t
= βRtEt

[

1

Pt+1Cs,t+1

]

Ph,tNt = (1− α) (χPtCb,t + (1− χ)PtCs,t) +
N∗

ss

Nss
α∗
(

χ∗P ∗
t C

∗
b,t + (1− χ∗)P ∗

t C
∗
s,t

)

+ Tt

Πt = (Ph,t −Wt)Nt

Ph,t = µWt

Wt = Wt−1 (1 + κ (Nt −Nss))

St + Yt − Tt +
(1− φ∗) Πt + φΠ∗

t
N∗

ss

Nss

1− χ
= PtCs,t +

St+1

Rt

A.2 Foreign

P ∗
t C

∗
b,t =

B̃∗
t+1

Rt
+W ∗

t N
∗
t − T ∗

t − B̃∗
t

1

P ∗
t C

∗
s,t

= βRtEt

[

1

P ∗
t+1C

∗
s,t+1

]

P ∗
h,tN

∗
t = (1− α∗)

(

χ∗P ∗
t C

∗
b,t + (1− χ∗)P ∗

t C
∗
s,t

)

+
Nss

N∗
ss

α (χPtCb,t + (1− χ)PtCs,t) + T ∗
t
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Π∗
t =

(

P ∗
h,t −W ∗

t

)

N∗
t

P ∗
h,t = µ∗W ∗

t

W ∗
t = W ∗

t−1 (1 + κ∗ (N∗
t −N∗

ss))

S∗
t +W ∗

t N
∗
t − T ∗

t +
(1− φ) Π∗

t + φ∗Πt
Nss

N∗

ss

1− χ∗
= PtCs,t +

S∗
t+1

Rt

A.3 Union-wide

Rt = Rss





(

Yt

Yss

)
Nss

N∗

ss+Nss

(

Y ∗
t

Y ∗
ss

)

N∗

ss
N∗

ss+Nss





φY




(

πt

πss

)
Nss

N∗

ss+Nss

(

π∗
t

π∗
ss

)

N∗

ss
N∗

ss+Nss





φπ

and

Nss (1− χ)St+1 +N∗
ss (1− χ∗)S∗

t+1 = NssχBt+1 +N∗
ssχ

∗B∗
t+1

B Proof of Lemma 1

De�ne the k-period ahead dis
ount rate for k ≥ 1 from the savers' perspe
tive

Rj,t,k ≡ (1 + rj,t) .. (1 + rs,j,t+k−1) ,

and the 
onvention Rj,t,0 = 1.

Let us start from market 
learing for the home good:

Ph,tNt = (1− α) (χPtCb,t + (1− χ)PtCs,t) + α∗
(

χ∗P ∗
t C

∗
b,t + (1− χ∗)P ∗

t C
∗
s,t

)

+ Ph,tGt.

Using the budget 
onstraints of the agents and of the government we get

αj Ỹj,t = (1− αj)χj

(

Bh
j,t+1

1 + rj,t
−Bh

j,t

)

− (1− αj) (1− χj)

(

Sj,t+1

1 + rj,t
− Sj,t

)

+ Fj,t +
Bg

j,t+1

1 + rj,t
−Bg

j,t.
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Summing and rearranging the terms, we get

αj

(

Ỹj,t +
Ỹj,t+1

Rj,t,1

)

= (1− αj)χj

(

1

Rj,t,1

Bh
j,t+2

1 + rj,t+1
−Bh

j,t

)

− (1− αj) (1− χj)

(

−Sj,t +
1

Rj,t,1

Sj,t+2

1 + rj,t+1

)

+ Fj,t +
Fj,t+1

Rj,t,1

+
1

Rj,t,1

Bg
j,t+2

1 + rj,t+1
−Bg

j,t.

to write:

αj

(

Ỹj,t +
Ỹj,t+1

Rj,t,1
+

Ỹj,t+2

Rj,t,2

)

= − (1− αj)χj

(

Bh
j,t −

1

Rj,t,2

Bh
j,t+3

1 + rj,t+2

)

+(1− αj) (1− χj)

(

Sj,t −
Sj,t+3

Rj,t,3

)

+ Fj,t +
Fj,t+1

Rj,t,1
+

Fj,t+2

Rj,t,2

−Bg
j,t +

1

Rj,t,2

Bg
j,t+3

1 + rj,t+2
.

Therefore for a generi
 horizon K

K
∑

k=0

αj Ỹj,t+k

Rj,t,k−1
= (1− αj)

(

(1− χj)Sj,t − χjB
h
j,t

)

−Bg
j,t +

K
∑

k=0

Fj,t+k

Rj,t,k

− (1− χj) (1− αj)
Sj,t+K+1

Rj,t,K+1
+

1

Rj,t,K

(

(1− αj)χjB
h
j,t+K+1

1 + rj,t+K
+

Bg
j,t+K+1

1 + rj,t+K

)

.

We take the limit and we impose a No-Ponzi 
ondition

lim
K→∞

Et

[

Sj,t+K+1

Rj,t,K+1

]

= 0

lim
K→∞

Et

[

1

Rj,t,K

Bh
j,t+K+1

1 + rj,t+K

]

= 0

lim
K→∞

Et

[

1

Rj,t,K

Bg
j,t+K+1

1 + rj,t+K

]

= 0.

The inter-temporal 
urrent a

ount 
ondition is

αjEt

∞
∑

k=0

Ỹj,t+k

Rj,t,k
= Et

∞
∑

k=0

Fj,t+k

Rj,t,k
− (1− αj)

(

χjB
h
j,t − (1− χj)Sj,t

)

−Bg
j,t.
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C Proof of Proposition 3

Step 1: Extending Propositions 1-2 To begin, we need to extend some of the earlier results. First

we extend proposition 2 to in
lude multiple symmetri
 
ountries. Given that there are I symmetri



ountries, the 
omplete market 
ondition is Ct,s,iPt,i = Ct,s,jPt,j , i, j = 1, ..., I. With symmetri
 sto
k

positions and uniform tax rate on labor and 
apital in
ome, the budget in ea
h 
ountry is

Pt,iCs,t,i =

B(1 −
1

Rt
) +Wt,iNt,i(1− τ) + ϕ

(µ− 1)Wt,iNt,i(1− τ)

1− χ
+
∑

j 6=i

(1 − ϕ)

I − 1

(µ− 1)Wt,jNt,j(1− τ)

1− χ
.

Dedu
ting the 
onditions for two 
ountries i and j 6= i we obtain

Pt,iCs,t,i − Pt,jCs,t,j =

(Wt,iNt,i −Wt,jNt,j)(1 − τ) + ϕ
(µ− 1)Wt,iNt,i − (µ− 1)Wt,jNt,j

1− χ
(1− τ)

−(µ− 1)
Wt,iNt,i −Wt,jNt,j

1− χ

1− ϕ

I − 1
(1− τ) = (1− τ) (Wt,iNt,i −Wt,jNt,j)

(

1 + ϕ
µ− 1

1− χ
−

1− ϕ

I − 1

µ− 1

1− χ

)

.

Imposing the 
omplete market 
ondition and ignoring the indetermina
y 
ase, we need

1 + ϕ
µ− 1

1− χ
−

1− ϕ

I − 1

µ− 1

1− χ
= 0. (9)

From this one 
an solve

ϕ =
1

I
−

I − 1

I

1− χ

µ− 1
. (10)

Savers in ea
h 
ountry should invest

1
I − I−1

I
1−χ
µ−1 in home sto
ks and

1
I + 1

I
1−χ
µ−1 in the sto
ks of ea
h

foreign 
ountry. Savers should overweight foreign sto
ks. Next we need to extend proposition 1 to

in
lude stati
 equity positions. Using manipulations similar to those in the proof of Lemma 1, we 
an

write

Wt,iNt,i(µ− (1− α)(1 + ϕ(µ− 1))) = Ft,i + αGt,i + (1− χ)(1 − α)

(

Bt+1,i

Rt
−Bt,i

)

−χ(1− α)

(

St+1,i

Rt
− St,i

)

+ (1− α)(1 − χ)Γt,i + (1− α)

(

Bg
t+1,i

Rt
−Bg

t,i

)

.
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Here Γt is the savers' in
ome from foreign sto
ks. For simpli
ity assume labor in
ome as well as home

and foreign 
apital gains are all taxed at the same rate τ and that the government does not take new

debt. From this we obtain

Wt,iNt,i(µ− (1− α)(1 + ϕ(µ− 1))− ατ − ατϕ
(µ − 1)

1− χ
) = Ft,i + (1 − χ)(1− α)

(

Bt+1,i

Rt
−Bt,i

)

−χ(1− α)

(

St+1,i

Rt
− St,i

)

+ ((1− α)(1 − χ) + ατ) Γt,i + (1 − α)

(

Bg
t+1,i

Rt
−Bg

t,i

)

.

From this it is possible to write labor in
ome as a fun
tion of exogenous variables. Then one 
an

write the value of savers' spending as a fun
tion of exogenous variables St, Bt, B
g
t , Et

∑∞
k=0

Ft+k

Rt,k
and

Et

∑∞
k=0

Γt+k

Rt,k
as in the proof of Lemma 1. This generalizes proposition 1.

Step 2: The Main Argument Given symmetri
 borrowing patterns the above sto
k positions

perfe
tly share sho
ks a�e
ting labor in
ome su
h as quality sho
ks. These sho
ks need not be id-

iosyn
rati
. Idiosyn
rati
 deleveraging sho
ks do not distort symmetry. This is be
ause the savers hold

a 
onstant amount in non-
ontingent savings. If borrowers pay ba
k debt, the savers 
an substitute this

by lending more to foreign 
ountries. While the proof assumes that the home quality stays 
onstant it

also goes through with unanti
ipated home quality sho
ks. Moreover, it works for preferen
e sho
ks

that do not alter the 
omplete market 
ondition su
h as sho
ks to the disutility of labor that might

a�e
t the Phillips 
urve for wages.
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D Calibration

D.1 Symmetri
 
alibration

Parameter Des
ription Value

χ Fra
tion of impatient 0.5

β Dis
ount fa
tor of savers 0.995

α Openness to trade 0.25

κ Slope wage Phillips 
urve 0.1

ǫ Elasti
ity domesti
 intermediates 4

η Capital share 0.36

δ Depre
iation rate 0.015

φY Taylor rule - output gap 1.5

φπ Taylor rule - in�ation 0.5

E Allowing Borrowers to Default

In this se
tion we study deleveraging with default by some borrowers. Allowing borrowers to default 
an

have a signi�
ant impa
t on deleveraging dynami
s. A default is a transfer from savers to borrowers. If

borrowers 
an default, the required spending 
ut is smaller, and this limits the ma
roe
onomi
 impa
t

of deleveraging. This is the dire
t e�e
t of default. The indire
t e�e
ts work through the banking

system, as non performing loans redu
e banks' solven
y and limit their ability to lend. In that sense,

default 
an lead to a 
redit 
run
h.

Default and Deleveraging Consider a debt deleveraging sho
k at home, whi
h redu
es the gross

debt of impatient agents. Without default, the budget 
onstraint of an impatient agent is given by

equation (3). We start from a steady state with 
onstant B̄t = B0 and we tighten the limit to B̄1 < B̄0.

We let η be the fra
tion of deleveraging a
hieved through default. The budget 
onstraint at time 0

then be
omes

P0Cb,0 = W0N0 − T0 +
B̄1

R0
− (1− η) B̄0.

We assume no further default from time 1 onward.

The next question is: Who bears the 
ost of default? In a 
losed e
onomy setup 
redit losses must

be borne by domesti
 savers. In an open e
onomy it depends on who owns the debt. Let ω be the
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fra
tion of home debt owned by home savers. After the default, we have

S0 = E−1 [S0]− ωηB̄0

and

S∗
0 = E−1 [S

∗
0 ]− (1− ω) ηB̄0.

The debt 
an be dire
tly held, or it 
an be intermediated by banks. In the later 
ase, the 
ru
ial

issue be
omes the equity ownership of banks. The most dire
t interpretation of these equations is that

household debt is dire
tly held by other households. An equivalent setup is to imagine that domesti


banks intermediate domesti
 household debt. Domesti
 banks make loans to households and �nan
e

themselves with debt and equity. Foreign households own a share (1− ω) of domesti
 bank equity.

When borrowers default, bank equity takes a hit, and foreign household end up absorbing (1− ω) ηB̄0

just as if they held the debt dire
tly.

Lemma 3. Equivalen
e of 
ross-border bond funds and foreign bank equity ownership.

The two following e
onomies are equivalent in their sharing of 
redit risk: (1) foreign households hold

a fra
tion 1− ω of bonds ba
ked by domesti
 loans; or (2) domesti
 households borrow from domesti


banks, but foreign households own a fra
tion 1− ω of domesti
 bank equity.

The lemma makes 
lear that, as far as sharing default risk is 
on
erned, di�erent types of 
apital

market integration are equivalent. One option is to pa
kage loans into bonds and sell them abroad.

Another option is to let banks retain the loans and en
ourage 
ross-border ownership of bank equity.

We now present impulse responses to deleveraging and default sho
ks. Figure 4 presents impulse

responses to a 5% deleveraging sho
k when part of deleveraging is a
hieved through default, for di�erent

values of η (keeping ω = 0.5). For the 
ase of deleveraging a
hieved 
ompletely through default (η = 1),

the deleveraging sho
k has no e�e
t. The e�e
ts of the deleveraging sho
ks are larger the smaller the

fra
tion of deleveraging a
hieved through default.

For a large enough deleveraging sho
k, su
h that the zero lower bound on the nominal interest

binds, deleveraging through default is espe
ially attra
tive from the point of view of employment

stabilization: in the most extreme 
ase in whi
h deleveraging o

urs only through default (η = 1) and

the in
iden
e of default by domesti
 borrowers falls only on domesti
 savers (ω = 1), employment is

un
hanged in both 
ountries and 
onsequently the 
entral bank does not 
hange its poli
y rate. In

the polar opposite 
ase, η = 0, full employment stabilization requires an unfeasibly large fall in the
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Figure 4: Deleveraging with Default
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nominal interest rate. This 
omparison is illustrated in Figure 5 (for ω = 0.5).
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Figure 5: Deleveraging with Default at ZLB
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F Only Produ
tivity Sho
ks

Due to Cole-Obstfeld preferen
es, pri
e adjustments give a natural hedge against produ
tivity sho
ks.

This 
an be formalized in the following lemma that generalizes the famous Cole and Obstfeld (1991)re-

sult to a borrower-saver agent e
onomy with rigidities. Note also the limitations of the lemma: it


onsiders a setting with only produ
tivity sho
ks. That it does not hold for example in an environ-

ment with both produ
tivity and quality sho
ks in whi
h 
ase the CMU still attains the 
omplete

market out
ome.

Lemma 4. Cole-Obstfeld 91 Result with Borrowers Consider a symmetri
 two 
ountry e
onomy

similar to that in the baseline model but subje
t to produ
tivity sho
ks. The optimal sto
k positions are

indeterminate and the equilibrium always attains the 
omplete markets allo
ation for both borrowers

and savers.

Proof. Now the produ
tion fun
tions for the intermediate goods are AtNt and A∗
tN

∗
t . Firms set

pri
es µWt

At
and µ

W∗

t

A∗

t
. In this model

ytpt = AtNtpt = µWtNt

and

y∗t p
∗
t = A∗

tN
∗
t p

∗
t = µW ∗

t N
∗
t .

Moreover, �rm pro�ts are as before. Conje
ture that the model attains the 
omplete market

out
ome for both savers and borrowers. That is

Cs,tPt = C∗
s,tP

∗
t

and

Cb,tPt = C∗
b,tP

∗
t .

Now we have,

yt

y∗

t
=

(1−α)Cs,tPt/pt+αC∗

s,tP
∗

t /pt+(1−α)Cb,tPt/pt+αC∗

b,tP
∗

t /pt

(1−α)C∗

s,tP
∗

t /p∗

t+αCs,tPt/p∗

t+(1−α)C∗

b,t
P∗

t /p∗

t+αCb,tPt/p∗

t
.

Then applying the 
omplete market 
onditions, we obtain

yt

y∗

t
=

Cs,tPt+Cb,tPt

Cs,tPt+Cb,tPt

p∗

t

pt
=

p∗

t

pt
.

That is pri
es and output levels moves inverse one-to-one. But this implies

WtNt −W ∗
t N

∗
t = 0.

Now one 
an see that the budget 
onstraints support the 
omplete market 
onditions for both savers

and borrowers for any symmetri
 sto
k positions. Note that α 
an be arbitrary so the result also holds

with respe
t to symmetri
 quality sho
ks. However, it does not hold with respe
t to arbitrary quality
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sho
ks su
h as sho
ks that only a�e
t the foreign 
ountry.

What is the intuition behind the result? Assume that markets are 
omplete. Now due to Cole-

Obstfeld preferen
es relative output levels and pri
es must move one-to-one. This means that the

value of output in ea
h 
ountry must be the same. Higher produ
tion implies lower pri
es. But the

assumption for produ
tion te
hnology implies that labor in
ome is a 
onstant fra
tion of the total

value of output in ea
h 
ountry. This means that total labor in
ome in ea
h 
ountry must be the

same. Finally, this implies that the budget 
onstraints support the 
omplete market allo
ation.

G Asymmetries

We now generalize the results 
on
erning equity to asymmetri
 initial sto
k positions, mark-ups and

shares of savers. The 
omplete market 
ondition is PtCs,t = λP ∗
t C

∗
s,t, where λ is the Pareto weight.

The budget 
onstraints are

B̄ +NtWt − T + ϕ (µ−1)
1−χ NtWt + (1− ϕ∗)µ

∗−1
1−χ∗

N∗
t W

∗
t = PtCs,t +

B̄
Rt

B̄ +N∗
t W

∗
t − T + (1− ϕ) (µ−1)

1−χ NtWt + ϕ∗ µ∗−1
1−χ∗

N∗
t W

∗
t = P ∗

t C
∗
s,t +

B̄
Rt

Dedu
ting the budget 
onstraints and imposing the 
omplete market 
ondition yields

NtWt

(

1 + (2ϕ−1)(µ−1)
1−χ

)

−N∗
t W

∗
t

(

1 + (2ϕ∗−1)(µ∗−1)
1−χ∗

)

= (λ− 1)P ∗
t C

∗
s,t

or

NtWt

(

1 + (2ϕ−1)(µ−1)
1−χ

)

−N∗
t W

∗
t

(

1 + (2ϕ∗−1)(µ∗−1)
1−χ∗

)

= λ−1
1+λ (µNtWt + µ∗N∗

t W
∗
t )

From this we 
an solve

NtWt

(

1 + (2ϕ−1)(µ−1)
1−χ

)

−N∗
t W

∗
t

(

1 + (2ϕ∗−1)(µ∗−1)
1−χ∗

)

= λ−1
1+λ (µNtWt + µ∗N∗

t W
∗
t )

or

NtWt

(

1 + (2ϕ−1)(µ−1)
1−χ − λ−1

1+λµ
)

−N∗
t W

∗
t

(

1 + (2ϕ∗−1)(µ∗−1)
1−χ∗

+ λ−1
1+λµ

∗
)

= 0

From this we solve

ϕ = 1
2 − 1

2
1−χ
µ−1 + 1

2
(λ−1)µ(1−χ)
(1+λ)(µ−1)

and

ϕ∗ = 1
2 − 1

2
1−χ∗

µ−1 − 1
2
(λ−1)µ∗(1−χ∗)
(1+λ)(µ∗−1)

The relative Pareto weight λ depends on initial 
onditions and 
an be solved numeri
ally. ϕ is

in
reasing in λ and ϕ∗
de
reasing. The result 
an be generalized to di�erent tax rates. The above

derivations generalize Proposition 2. Proposition 3 
an be generalized similarly.
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H Pareto E�
ient Solution

Our results highlight the 
ases in whi
h a BU or a CMU 
an repli
ate the 
omplete market out
ome

for savers. One limitation of our �ndings is that this equilibrium might still not be Pareto e�
ient.

This is be
ause of two reasons. First, this equilibrium does not attain the 
omplete market allo
ation

between borrowers in di�erent 
ountries or within borrowers and savers. The allo
ation 
an therefore

feature pe
uniary externalities as the marginal rates of substitutions between all agents are generally

not equalized.

The se
ond reason is that we assumed that wages are sti
ky. This is not important for the main

results of the paper. However, as explained by Farhi and Werning (2017) su
h rigidities 
an give rise

to aggregate demand externalities. This 
an imply that even the full 
omplete market allo
ation is not

Pareto e�
ient.

We leave providing a solution for the Pareto e�
ient allo
ation in the present setup to future work.

However, we do show numeri
ally that a BU and a CMU tends to improve welfare. Moreover, we

numeri
ally evaluate the positive externalities of a CMU.
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