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Abstract

We study financial linkages and risk sharing in four types of currency unions: segmented
markets; a banking union; a capital market union; and complete financial markets. We analyze
how these economies respond to various shocks. Broadly speaking, we find that a banking union is
efficient at sharing demand shocks (deleveraging, fiscal consolidation), while a capital market union
is necessary to share supply shocks (including quality/technology shocks). We present theoretical
results where either type of union can exactly replicate the complete market allocation, as well as

calibration of welfare gains.
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Failures of risk sharing lie at the heart of many economic crises, including the one that recently
threatened the viability of the eurozone. Martin and Philippon (2017) decompose the Eurozone crisis
into three components: private leverage cycles, sovereign risks, and sudden stops/banking crises. In
some countries (e.g., Greece) the fiscal component dominates, while in some others (e.g., Spain) the
sudden stop component looms larger. The comparison with the United States is particularly illuminat-
ing when we think about risk sharing. The private leverage cycles are large and heterogenous across
U.S. states just as much as across E.U. countries, and their immediate consequences are also similar. In
Europe however, unlike in the U.S., private leverage cycles are amplified by sudden stops and widening
spreads in funding costs across countries. As the costs of fund diverged between countries within the
Eurozone, the weaker countries sunk deeper into recession. These are clear signs of inefficient risk
sharing.

The creation of a banking union is a deliberate answer to these issues. Focusing on banks is a
natural step for Europe since banks intermediate most of its financial flows. The funding cost of
banks has a direct impact on the funding conditions of households and firms. The main purpose of
the banking union is to guarantee that funding conditions remain the same across regions within the
Eurozone, and in particular that they are not directly affected by domestic sovereign risk. There is
broad agreement that some form of banking union is necessary to ensure the stability of the currency
union.! There is no agreement, and essentially no academic analysis, of the gains from adding a capital
market union to a banking union.

If we agree on the necessity of a banking union, the open question then becomes: What other
features are necessary for a successful currency union? Considering the U.S. experience, two such
features immediately come to mind: fiscal union and capital market union. A fiscal union improves
risk sharing via net fiscal transfers across regions. A capital market union improves risk sharing via
financial markets, i.e. equity and fixed income flows apart from cross-border bank flows.

This suggests two questions that we aim to answer in this paper. First, how large are the gains from
building a banking union? Second, should Europe stop there, or are there large gains from building a
capital market union in addition to a banking union?

We study a currency union with nominal (wage) rigidities under four degrees of financial integration:

IThe principle of a banking union is by now widely accepted, but there is still disagreement about some features, in
particular on the necessity of a full-fledged common deposit insurance scheme. We take a high level view of BU, which
we define as a system to equalize funding costs across regions of the currency union. We do not have much to say about
whether a full-fledged deposit insurance (EDIS) is a necessary condition for achieving this objective. See Véron (2007)
for a prescient analysis of the role of banking union and Schnabel and Véron (2018) for a discussio of EDIS.



(i) segmented markets as observed during the eurozone crisis; (ii) a banking union where funding costs
are equalized across regions; (iii) a capital market union with optimal cross border equity holdings;
and (iv) a complete market economy.

We then ask how these four model economies respond to two types of shocks: demand shocks
(triggered by public or private deleveraging), and supply shocks (including quality and TFP shocks).
We find that a banking union is enough to deal with leveraging/deleveraging shocks, both public and
private. However, a capital market union is necessary to attain (or approximate) the complete market
outcome when there are supply shocks.

The starting point of our analysis is Martin and Philippon (2017), who provide a framework and
an identification strategy to study country dynamics within the Eurozone. Our contribution is to
extend their analysis to study spillovers across countries, in particular by modeling aggregate demand
spillovers and monetary policy, and to analyze the desirability of capital market integration within
a currency union. Martin and Philippon (2017) disentangle the shocks that hit the Eurozone and
quantify the relative importance of fiscal policy, private leverage and financial spreads. They find that
credit spreads play an important role in exacerbating the Eurozone crisis. They run counterfactuals
where spreads are capped and they find that this would have significantly reduced the recession in the
Eurozone periphery.

We think of a banking union as an institution that guarantees that (risk-adjusted) bank funding
costs remain the same in all regions irrespective of the shocks that hit these regions. In particular,
bank funding costs are not directly affected by the health of their sovereigns. Since banks are the
main source of private funds for households and firms, we model the banking union as a currency
union where the private sector costs of funds are equalized across regions. We ask whether such a
banking union is sufficient to replicate a complete market economy, and we show that it depends on
the shocks. For deleveraging shocks, public or private, we find that the banking union is enough. Note
that deleveraging creates an aggregate drag on the economy in any case, but borrowing and lending
across regions allows an efficient sharing of the burden of adjustment created by the deleveraging.

We find that a capital market union is necessary for the efficient sharing of supply shocks. We
also show numerically that part of the welfare gains of a CMU are uninternalized. This is because
of aggregate demand externalities induced by nominal rigidities (Farhi and Werning (2017)) as well
as pecuniary externalities. Greater risk sharing by savers stabilizes the economy and implies welfare

gains also for borrowers.



Table 1: Summary of Results

Definition Demand Shocks Supply Shocks
Segmented Markets (SM) R # Ry < BU < BU
Banking Union (BU) Rj: =Ry = COMP < CMU
Capital Market Union (CMU) | Foreign equity share ¢ = COMP = COMP
Complete Markets (COMP) | Backus-Smith condition | Agg. D. Externalities Pecuniary Ext.
Pareto Efficient (EFF) Planner’s solution See Farhi and Werning (2017).

Table 1 summarizes our results.

Admitedly, we take a very macro-level view to a banking union by modeling an idealized banking
union with no differences in funding conditions across countries. This exercise is useful for two reasons.
First, it highlights the potential welfare gains that can in principle be attained through a banking
union. Second, our analysis underscores the limitations of a banking union: even a perfect banking
union cannot share supply shocks. Future research should dig deeper into the various policy proposals
aimed at lowering the divergence in funding conditions across countries.

We model a capital market union as a union with optimal cross-border holdings of equity. Equity
represents a claim to firm capital or the profit stream from the firms. In this sense our capital market
union is about the optimal ownership of capital. On the other hand, various policy proposals related
to a CMU are about defaultable debt not equity. However, corporate debt is also a claim to firm
capital. We do not expect our results to change if we include defaultable debt as long as the financing
structure of firms is irrelevant so that the classic result of Modigliani and Miller (1958) holds.

Finally, while our main model assumes that the sole input to production is labor, we extend the
main model of the paper to include capital and investment. We use this model to quantitatively
evaluate the welfare benefits of a banking and capital market union. We find that a banking union
clearly lowers consumption volatility especially during a crisis period. A capital market union can also

bring substantial welfare benefits through more efficient allocation of ownership of capital.

Related Literature Our paper is related to several lines of research in economic integration, open
economy macroeconomics and macroeconomics models in the New Keynesian tradition, as well as
studies of the causes and consequences of the Eurozone crisis.

Lane (2012) provides a detailed account of the principal drivers of the Eurozone crisis; the specific
role of the boom/bust cycle in capital flows is analyzed by Lane (2013) and Gourinchas and Obstfeld
(2012).

There is a large literature on risk sharing in currency unions. Bayoumi and Masson (1995) discuss



the issue of risk sharing and fiscal transfer before the creation of the Euro, and Asdrubali et al. (1996)
provide evidence for the US. The Eurozone crisis spurred interest in this topic. Hepp and von Hagen
(2013) provide evidence from Germany. Allard and Brooks (2013) summarizes the existing evidence.
Farhi and Werning (2017) analyze risk sharing in a currency union in a model with nominal rigidities.
They show that fixed exchange rates increase the value of risk sharing and that complete markets do
not lead to constrained efficient risk sharing.

Blanchard et al. (2014) address the issue of cross-border fiscal multipliers. Bolton and Jeanne
(2011) analyze the transmission of sovereign debt crises through the banking systems of financially
integrated economies.

Cole and Obstfeld (1991) analyze a two-country, two-good endowment economy with fully flexible
prices, and show that the welfare gain from allowing trading of assets across borders is small, since
adjustments in the terms of trade provide insurance against country specific shocks. Heathcote and
Perri (2002) analyze production economies and find that models with asset market segmentations
match cross-country correlations better than complete markets model. The analysis in Kehoe and
Perri (2002) goes a step further in that it endogenies the incompleteness of markets by introducing
enforcement constraints that require each country to prefer the allocation it receives by honoring it’s
liabilities than living in autarky from any given time onward. The model goes some way towards
explaining cross-country correlations observed in data, but at the cost of generating counterfactually
low cross-border investment.

In contrast to studies which preserve the basic structure of the real business cycle model (the IRBC
literature), studies in the new open economy (NOE) literature, following Obstfeld and Rogoff (1995),
introduce nominal rigidities in the style of New Keynesian business cycle models as well as market
incompleteness into the open economy framework. Schmitt-Grohe and Uribe (2013) emphasize the
role of downward wage rigidity in the Eurozone recession. An important shortcoming 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 succinct discussion of the evolution of
this literature and attempts to deal with these issues. More recent studies, for example Gali and
Monacelli (2008), circumvent the issue entirely by assuming complete asset markets. This is the
approach followed, for example, in Blanchard et al. (2014) who model the Eurozone as a two-country
(core and periphery) version of Gali and Monacelli (2008).

A common thread in both IRBC and NOE research is that the composition of financing flows



is not discussed in detail beyond distinguishing between complete markets and non-contingent bond
economies, as explained in Devereux and Sutherland (2011) and Coeurdacier and Rey (2012). The
authors provide a simple approximation method for portfolio choice problems in general equilibrium
models that are solved using first order approximations around a non-stochastic steady state.

An exception to this theme are papers which specifically address one of the enduring puzzles in
open economy macroeconomics, the home equity bias puzzle. Coeurdacier and Gourinchas (2011) solve
jointly for the optimal equity and bond portfolio in an environment with multiple shocks. In Heathcote
and Perri (2013), home bias arises because endogenous international relative price fluctuations make
domestic assets a good hedge against labor income risk. Coeurdacier et al. (2010) emphasize trade in
stocks and bonds: domestic equity hedges labor income risk while terms of trade shocks are hedged
using domestic and foreign bonds. Sihvonen (2018) studies the aggregate effects of equity home bias
in a model with nominal rigidities and fixed exchange rates. Even though overweighting home stocks
may be privately optimal, investment in home stocks is typically excessive from a social point of view.

Following Bernanke and Gertler (1989), many macroeconomic papers introduce credit constraints
at the entrepreneur level (Kiyotaki and Moore (1997), Bernanke et al. (1999), or Cooley et al. (2004)).
In all these models, the availability of credit limits corporate investment. As a result, credit constraints
affect the economy by affecting the size of the capital stock. Curdia and Woodford (2009) analyze the
implication for monetary policy of imperfect intermediation between borrowers and lenders. Gertler
and Kiyotaki (2010) study a model where shocks that hit the financial intermediation sector lead to
tighter borrowing constraints for entrepreneurs. We model shocks in a similar way. The difference is
that our borrowers are households, not entrepreneurs, and, we argue, as do Mian and Sufi (2010), that
this makes a difference for the model’s cross-sectional implications. In particular, a striking feature
of the data is the strong correlation between household leverage and employment across regions and
over time, as documented in Midrigan and Philippon (2010) for the US.? Our framework builds on the
tradition of Campbell and Mankiw (1989), that feature impatient and patient consumers. This type
of model has been used by Gali et al. (2007) to analyze the impact of fiscal policy on consumption and
by Eggertsson and Krugman (2012) to analyze macroeconomic dynamics during the Great Recession.

Fornaro (2014) and Benigno and Romei (2014) study the effect of deleveraging shocks in open

economies with nominal rigidities. Fornaro (2014) compares the consequences of a tightening of the

2For instance, Mian and Sufi (2010) find that the predictive power of household borrowing remains the same in
counties dominated by national banks. It is also well known that businesses entered the recession with historically
strong balance sheets and were able to draw on existing credit lines (Ivashina and Scharfstein (2008)).



exogenous borrowing limit in Bewley economies with and without nominal rigidities and fixed exchange
rates. Benigno and Romei (2014) consider a two-country model where one country is a debtor and
the other a creditor in the steady state, and analyze the effect of a tightening in the borrowing limit.
In contrast to these studies, we analyze a model where each country is populated by both borrowers
and savers. This is an important distinction because we know from the extensive research on the US
experience that deleveraging in a closed economy (or in an open economy without a sudden stop) can
in itself create a recession.

In recent work Hoffmann et al. (2018) find that the introduction of the euro led to a more integrated
interbank market yet had little effect on cross-border bank to firm lending. They argue that the former
type of market integration did not lead to significant improvements in risk sharing. They impret the
evidence using a stylized DSGE model and also analyze the benefits of capital market integration.
However, we provide analytical results about the specific types of shocks that can efficiently shared
be in BU or in CMU. Moreover, we provide numerical results using a more standard macroeconomic

model that also endogenizes portfolio holdings.

1 Model

We consider a currency union composed of several regions, each of which is populated by a (potentially
different) measure of infinitely lived households. Each region produces a tradable domestic good and
households consume both the domestic and the foreign goods. We will consider two main specifications.
One with two regions, home and foreign, as in standard models of international trade, and another
with a continuum of countries, each one small relative to the union, as in Gali and Monacelli (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 each region,
households are heterogeneous in their degree of time preference. Specifically, in each region there is a
fraction y of impatient households, and 1 — y of patient ones. Patient households (indexed by i = s for
savers) have a higher discount factor than borrowers (indexed by ¢ = b for borrowers): 5 = 8, > (,. We
denote the regions home and foreign, and indicate foreign variables and parameters with superscript *.

The economies differ with respect to the menu of traded assets which affect savers’ budget constraints.?

3For 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.



1.1 Preferences and technology

Households of each type and in each region derive utility from consumption and labor:

E Zﬂt log Cir — v (Niy)], for i =1b,s,
=0

where C;; is a composite good that aggregates goods produced by the home (C}) and foreign (Cj)
countries

logCiy = (1 —a)log(Chi) + alog(Criz),

and a < % is a measure of the openness to trade of the economy; equivalently, 1 — o measures home

bias in consumption. With these preferences, the home consumption-based price index (CPI) is
Pr=(Puy) ™" (Pr),

where P, and Py, are the time ¢t producer price indices (PPI) in the home and foreign countries,
respectively. Assuming the law of one price, the foreign price index is P} = (P;fﬁt)l_a (P;{)t)a.
The home and foreign goods are in turn compositions of intermediate goods produced in each of the
countries, which are aggregated into the final consumption goods using the following constant elasticity

of substitution technologies:

Cy = [/Olco’)* dy}

The PPIs in each region are therefore:

1

1 1—e€
Py = U pe () d]} ,
0

where p;(j) are prices of intermediate goods. The production of intermediate goods is linear in labor

Ny, so the marginal cost of production for each intermediate producer is simply the wage rate W;.

1.2 Wage setting

We assume that wages are sticky and we ration the labor market uniformly across households. This
assumption simplifies the analysis because we do not need to keep track separately of the labor income

of patient and impatient households within a country. Not much changes if we relax this assumption,



except that we lose some tractability.* Wage dynamics are determined by a Phillips curve with slope
K

Wt = Wtfl (1 +K(Nt - Nss));

where N, is steady-state employment. The assumption that wages are sticky is not important for
the theoretical results though matter for the numerical welfare benefits of BU and CMU. The monop-
olistically competitive intermediate goods producers set their prices flexibly every period. It follows

that:

Dt (.7) = Ph,t = /J'Wta Vjatu

where © = €/ (e — 1) is a markup over the marginal cost W;. Since intermediate goods producers

charge a markup over marginal cost, they earn profits

Ht = (Ph,t — Wt) Nt = (/L — 1) WtNt.

1.3 Borrowers’ budget constraint

The budget constraint of impatient households (borrowers) in each country is given by

+WiN; — TP = P.Cy s + By.

Where B; is the face value of debt issued in period ¢ — 1 by borrowers, R; is the nominal interest rate
between ¢ and ¢t + 1 and 7} are lump sum taxes. Borrowing is denominated in units of the currency of

the monetary union and is subject to an exogenous limit By 1:

Bit1 < By

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

constraint, so By = Bt+1.

4In response to a negative shock, impatient households would try to work more. The prediction that hours increase
more for credit constrained households appears to be counter-factual however. One can fix this by assuming a low
elasticity of labor supply, which essentially boils down to assuming that hours worked are rationed uniformly in response
to slack in the labor market. Assuming that the elasticity of labor supply is small (near zero) also means that the natural
rate does not depend on fiscal policy. In an extension we study the case where the natural rate is defined by the labor

supply condition in the pseudo-steady state v’ (nf) =(1-1j) :—J ‘We can then ration the labor market relative to their
2,7
natural rate: n; j; = %nm where n} (7) is the natural rate for household ¢ in country. This ensures consistency
(e

and convergence to the correct long run equilibrium. Steady state changes in the natural rate are quantitatively small,
however, so the dynamics that we study are virtually unchanged. See Midrigan and Philippon (2010) for a discussion.



1.4 Monetary and fiscal policy

The monetary policy rule is not important for the theoretical results. However, in the calibrations we
assume that it takes the form of a Taylor rule. That is, the nominal interest rate in the currency union

R is set by the central bank according to

e () () () (E)

where Rgs, Yss and 7y, are the steady state interest rate, output and inflation, respectively. The

government budget constraint is:

Bg
%1 = PGy — T, + BY, (1)
t

The rate on government debt is R; and tax receipts are Ty = xT}? + (1 — x) T}.

1.5 Savers’ budget constraint in each of the economies

Segmented Markets (SMU) and Banking Union (BU) Savers save at the rate R. The savers’

budget constraint is

Syt
R’

1T
1—

St + WtNt — Tts + X = PtCs,t +

where II; are per-capita profits from intermediate good producers. Only savers in each country have

claims to these profits, so 11};( are profits per saver. Under BU, the interest rate at home is always
equal to the interest rate in the union: R; = R; for all t. Under SMU, on the other hand, we can have

Rt 75 Rt.

Capital Market Union (CMU) In a capital market union savers can trade a non-contingent bond,

a home stock and a foreign stock. The savers’ budget constraints in the home region is

*

II * I * *
St+WiNy—T7 + 4 <Vt + ﬁ) +(1 - ;) <Vt + 1 _tX> =1 Vit (1 — @5 1) Vi +PCysy +

St+1
R,

Similarly, abroad we have

*

S
X) = goerth*—i—(l — Pr+1) Vt"'Pt*C:,t‘i‘ Ll

*

11
SE+Wi NS —T{ +¢} (Vt + tx) +(1—¢4) (Vt +

11y

1—

1- Ry’

10



where ¢, are the home savers’ aggregate holdings of the home stock and ¢; are the foreign savers’
holdings of the foreign stock. Moreover, V; and V;* are the prices of the home and foreign stock,

respectively, that represent claims to the aggregate profit streams in the countries.

Complete Markets In the complete markets economy, savers have access to a full set of state
contingent securities. We denote purchases at time ¢ of securities paying off one unit of currency at
time ¢+ 1 contingent on the realization of state s;,1 following history s! by Dy 1 (s¢11, s%); this security
has a time ¢ price Qy (8441, st):

St + WiNy — T} + ln—tx +/ Qi (st+1,8") Disa (se41,8") = Dy (s141,8") + PiCyy + Sgl-
Str1

t

1.6 Equilibrium conditions

Let us summarize the key equations of the model. Demand functions for the home and foreign con-

sumption bundles by savers and borrowers are given by

PoiChir = (1—a)PCiy (2)

PriCrie = aPCiy.

Since borrowers are always at their borrowing limit, their consumption is determined by their budget

constraint

B _
P.Cy: = ;;1 +WyN, — T, — By. (3)

t

Savers are unconstrained and their consumption is determined by their Euler equation and budget

constraint (which differs across economies, as presented in section 1.5):

Market clearing in goods is given by

Ny = XxChpt + (1 - X) Ch,s,t + X*C;,b,t +(1— X*) C;;,s,t + G,

11



where G is spent on home goods only. Substituting in for demand functions and expressing in nominal

terms, nominal output is
PyyNy = (1 =) (xPCyi + (1 = X) PiCsy) + a* (X" PFCy, + (1= x*) PFCZ,) + PuyGe. (5)

Finally, market clearing for bonds requires

(1=x)Se41+ (1= x*) Sty = xBeyr + X*Bfy + B + BY”, (6)

and (if available) for Arrow-Debreu securities Dy (s141,5") = Dj (8141, ") for all si11.

2 Deleveraging Shocks under SMU and BU

2.1 Small Open Economies in a BU

In this section we study demand shocks under BU, coming from private borrowing or fiscal policy. We
first derive analytical results for the impact of these shocks on a small open economy. We then study
the case of two regions. Finally, we also study the effect of a deleveraging shock large enough to make
the zero lower bound on the nominal interest rate binding.?

Under BU, the funding cost is the same in all regions. Let us first define the k-period discount rate
from the savers’ perspective as R = R; X .. X Ryr—1, with the convention R, o = 1. We also define
Y, = Py, Ny — T} as private disposable income and F}; as nominal exports (in the case of two regions
this is simply F; = a*P;}C}).

The first step is to write the current account equilibrium in market values. We then have the

following Lemma:

Lemma 1. The inter-temporal current account condition for country j is

(7)

=Y, > F,
o ((1 —X) St — xBi + Ey t+k> Ltk

=(1-vx)S;,—xvB;—B+E .
2 Ror (1—x)St—xBs y + t];JRt,k

Proof. See Appendix. O

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

5To solve the model when the ZLB occasionally binds we use Guerrieri and Iacovello’s OccBin toolbox; see Guerrieri
and Tacovello (2014) for details.

12



which itself equals financial wealth plus the value of disposable income. On the right we have net
foreign assets plus the value of exports (F;). The key point here is that the inter-temporal current-
account condition pins down the NPV of disposable income, as a function of current assets and foreign
demand. With unit demand elasticity (log-preferences) nominal exports are exogenous to the small
open economy.

The next step is to consider the program of the savers. With log-preferences, we can write the

savers’ problem as

max E; 3,5 B log (PiCs 1)

s.t. PtCs)t + % = St + i/ts.

The inter-temporal budget constraint of savers is

o0 oo

P Cs ik ~ti—k;
P e ket S SO W Nl . 8
t kZ:O R t 1 1t kZ:O Rin (8)

where Y = W,N, — 17 + Ex is the disposable income of savers. Savers have a claim on corporate
equity and might face different taxes than borrowers who earn Y;? = W;N, — T?. To derive our first
result, we need to make a connection between the disposable income of savers ffts that enters Equation
(8), and the average disposable income Y; = (1 — x) Y;® + xY; that enters Equation (7). If taxes are

arbitrary, there is of course very little that we can say. We therefore restrict our attention to a class

of fiscal policies where the following condition holds.

Condition 1. The present value of savers’s income is a simple function (linear, affine, etc.) of

that of average disposable income

0 Yrs o0 <
t+k Yitk
E; i ~ E; T
k=0 t,k k=0 t,k

Condition 1 imposes restrictions on fiscal policy, but it holds in many natural settings. The simplest

example is uniform flat taxation of all income at rate 74, i.e., Ttb =17 WiN;and TP =74 (WtNt + 11};()'

In that case, f’tb = (1 — 7¢) Wy N; and SN/tS =(1-m) (WtNt + Ak ) =(1—7) W Ny (1 + %) There-

1-x

fore all taxes, income and profits are proportional to W;N;. In particular Y, = (1 —7¢) Wi Ny, and

13



therefore f’f = % (1 + %) Y;. All disposable incomes are directly proportional, period-by-period,
which is much stronger than Condition 1. Note the important fact that markups are constant: we will
return to this issue in the next section.

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

Lemma 2. Under Condition 1 and log-preferences, nominal spending by savers (P.Cs +) does not react
to private credit shocks (Biy1) or to fiscal policy (neither Gy nor T;). Spending only reacts to interest

rate and foreign demand shocks.

Proof. Lemma, 1 shows that the net present value of disposable income is a function of exactly four

variables:
G A N Fipx
E =q(s,B,BLES |,

where the first three variables (saving, household debt, public debt) are predetermined at time ¢ and

the last one (exports in euros) is exogenous under log preferences. Therefore, equation (8) is in fact

Pk Coirk
B T St
k=0 ?

So current spending of savers only depends on €2; and the path of interest rates. In particular, for
given ; and interest rates, it cannot depend on contemporaneous or future private credit and fiscal

policy. O

Lemma 2 clarifies the behavior of savers. Their nominal spending reacts neither to credit shocks
nor to fiscal shocks. This is surprising because changes in borrowing constraints or in fiscal policy
create fluctuations in GDP and in disposable income Y;. The key result is that the macroeconomic
value of these inter-temporal disturbances cancels out in a particular way. Suppose B;i1 goes up.
This increases demand by impatient households, creates a boom, and increases the disposable income
of savers. However, when the debt is repaid, with interest, it lowers GDP in such a way that the net
present value of disposable income does not change. Changes in Bthﬂ, Gi+1,Ti4+1 have no effect on the
permanent nominal income of patient agents. As a result, patients agents keep their nominal spending
constant. These results hinge on our use of the preferences of Cole and Obstfeld (1991). In a small open
economy, foreign demand is exogenous, so the proposition completely characterizes the equilibrium
behavior of savers. Finally, it is worth emphasizing that our results refer to expenditures, not real

consumption. Even when expenditures remain constant, real consumption moves with inflation; in

14



realistic settings, inflation responses are relatively small. We can now state our first main result.

Proposition 1. For a small open economy subject to private and public leveraging and deleveraging

shocks, the Banking Union achieves the Complete Markets allocation.

Proof. Under BU, the interest rate is the same in all regions and is independent of idiosyncratic shocks
to the SOE. Given interest rates, savers’ spending P;Cj ; is constant. On the other hand, the complete
market outcome is characterized by the Backus-Smith condition, which, with log preferences, takes the
form

Ciu N Py

Cst P

Since shocks to an SOE do not affect foreign prices or quantities, it follows that the complete market
condition is also that P,Cs; remains constant. Hence, in response to deleveraging shocks, the BU

replicates the complete market economy. O

Proposition 1 shows that a banking union is enough to deal with any cross-sectional distribution
of debt deleveraging and fiscal shocks. Martin and Philippon (2017) show that segmented markets,
on the other hand, can be very inefficient. They find that spreads go up during episodes of private
deleveraging, mostly because of stress in the banking sector. This leads savers (or firms under Q-
theory) to cut spending precisely when the economy is in recession, exacerbating the downturn. Similar
conclusions can be also be drawn from the numerical calibrations in this paper

Proposition 1 is different from previous hedging results in the international macroeconomics litera-
ture such as those in Coeurdacier and Gourinchas (2011)and Coeurdacier et al. (2010). They consider
two country models with trading in two real bonds as well as equity claims. They find that countries
can share risks using static positions in the real bonds. Instead we consider a setting with trading
in one nominal bond with a common interest rate. We show that countries can share risks using
an essentially dynamic cross-country borrowing strategy with this bond. Our result is also different
from the resuls inEngel and Matsumoto (2009) who show that agents can hedge risks through a static

forward position in foreign exchange.

2.2 Two Countries and ZLB

Our next task is to study the case of shocks hitting a large economy. Proposition 1 is exactly correct

in a SOE (i.e. a small periphery country). With two economies, foreign demand depends (partly)
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on domestic demand and therefore on domestic deleveraging. In addition, the central bank reacts by
changing the risk free rate.

In spite of these differences we find that the result of Proposition 1 remains (approximately) correct.
The intuition is as follows. First, we know that savers do not react in a SOE. With two countries,
foreign demand is endogenous, but this effect is small because it depends on two consecutive cross-
border spillovers: the pass-through of domestic demand onto foreign income, and then from foreign
income back to foreign demand for home goods. The spillover is quantitatively small.®

The second important difference is the Taylor rule. Of course, the reaction of the monetary author-
ity has a direct impact on the dynamics of the economy. But the key point is that this impact is the
same under BU and under CM. Why? Because savers face the same interest rate in both countries.

The impulse response to a domestic deleveraging shock in each of the two-region economies is
depicted in Figure 1. The responses of all variables except the Siand Si41 are virtually the same in
each of the economies. The ranking of the magnitude of equilibrium adjustment in domestic savings Sy
is intuitive: in the BU economy greater adjustment is required than in the complete markets economy.

The aggregate (currency union-wide) response to a deleveraging shock obviously depends on how
monetary policy reacts. Our results show that, conditional on whatever the central bank does, the BU
and complete market economies behave in virtually identical ways after deleveraging shock. One might
wonder, however, if this result could be over-turned if the central bank is constrained by the zero lower
bound. We find that this is not the case: our result also holds at the ZLB. Figure 2 depicts impulse
responses to a deleveraging shock large enough to make the ZLB bind. Naturally, when the ZLB binds
the central bank is unable to lower the interest rate enough to stabilize aggregate employment in the
currency union.

We conclude that a successful banking union — or any union that guarantees that rates of returns
are equalized across regions — is enough to deal with demand shocks stemming from fiscal policy or

from private credit cycles.

3 Benefits of a Capital Market Union: the Theory

In this section we focus on the benefits of a capital market union. Special attention is given to

technology shocks in the form of “quality” shocks to the goods sold by domestic firms. Formally, we

6Proposition 1 remains approximately correct also for other reasonable values for the elasticity of substitution pa-
rameter than one.
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Figure 1: Private Deleveraging in 2-Country Model

B n n
-4 1 1
X 5 0 /—~*——~ 0 \.___.‘__.
6 -1 -1
6 10 6 10 2 4 6 8 10
n+n PCs pc
1 1 1
X 0 0 0
-1 -1 -1
6 10 6 10 2 4 6 8 10
pcy, Pcy, R
0 2 0
-2
=X 1 -0.5
-4
0 -1
6 10 6 10 2 4 6 8 10
—— banking union — — — complete markets
. s
1 y 1 y 25 ———— — — —
X 0 0 -3
-1 -1 -3.5
6 10 6 10 2 4 6 8 10
s' Py Ph
-1.5 -0.02 0.06
X -2 -0.04 0.04
-2.5 -0.06 0.02
6 10 6 10 2 4 6 8 10
i d o
1 1
X 0 0
-1 -1
6 10 6 10
banking union — — — complete markets

Note: Impulse responses to permanent -5% shock to Bs.

17



Figure 2: Private Deleveraging in 2-Country Model with ZLB
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model these shocks as an unanticipated change to o*, the preference of foreigners for domestic goods.
In response to these shocks, domestic firms become more profitable, while foreign firms become less
profitable. The banking union will not be able to share this kind of risk. However, the capital market
union can in principle share these types of shocks. This result is highlighted in the following proposition

that summarizes the types of shocks that can efficiently shared in a CMU

Proposition 2. [t is possible to replicate the complete market allocation in a capital market union
subject to (home or foreign) quality, TFP as well as various preferences shocks using static equity

positions and no-cross country borrowing.

Proof. Given symmetric countries the complete market condition is P.Cy = P;C; . Imposing sym-
metric and constant stock positions as well as constant taxes and borrowing limits (these are relaxed

later), the savers’ budget constraints are

_ o B
B+W,N,—T ¢ 1— t = POy, + —
+ Wi Vi +801_X+( 80)1_X t ’t+Rt
and
_ I I B
B+W!Ny—-T t 1-— L = pPrCr, 4+ —.
+ Wy Ny +<P1_X+( ‘P)l_x t s,t+Rt

Quality shocks affect firm profits and labor income. Subtracting the borrowing constraints, imposing

the complete market condition and using the production function yields

(WiNy — WPNT) <1 +

2p-1)(p-1)Y\ _
1—x )_0

Away from the indeterminacy case where labor income in both countries is always the same, we can

solve
1 —

=

=

SO:

N =
N —
—_

With these stock positions the complete market condition holds for arbitrary labor income realizations.
The complete market condition also ensures that the Euler equations for the stocks and the bond hold.

Therefore the above stock positions and no-cross country borrowing constitute an equilibrium. O

To efficiently share quality shocks, savers should underweight home stocks. In practice various
frictions might lead savers to do the opposite and overweight home stocks. This type of capital 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 shocks.

Note that the proposition holds for various different types of shocks including quality shocks and
TFP shocks. It also holds for all types of preference shocks that do alter the complete market condition.
This includes shocks to the disutility of labor that could affect the Phillips curve for wages. Moreover,
here the number of shocks can be clearly higher than the number of assets. This is against the standard
rule that obtaining the complete market outcome requires at least as many assets as shocks. However,
this result hinges on a specific form for the production function.

Figure 3 shows the outcome to a quality shock in a banking union, a partial capital market union
(with equal weights on home and foreign stocks), and complete markets (equivalently, a CMU with
optimal weights). In a complete market savers’ spendings in the two countries are equalized. Propo-
sition 2 shows that, if stock positions are chosen correctly, the capital market outcome coincides with
the complete market case. However, with equal weights on home and foreign stocks, savers’ spending
in the home country increases relative to that in the foreign country. However, this increase is milder
than in a banking union.

Note that our definition of a banking union features perfect home bias in equity. On the other
hand we define a capital market union as the optimal cross-border holdings of equity. Under a banking
union some friction prevents savers from optimally diversifying their equity holdings. Effectively a
capital market union can be defined as the removal of the friction leading savers to underdiversify.

Such a friction can represent for example information collection costs. However, we do not explicitly
model this friction. For more elaborate microfoundations for equity home bias as well as related

discussion see for example Coeurdacier and Rey (2013) and Sihvonen (2018).

Simultaneous Supply and Demand Shocks Proposition 1 shows that a banking union is able
to share demand shocks using dynamic borrowing. Proposition 2 argues that a capital market union
can share quality shocks using static equity positions. These propositions can be combined to yield

the following proposition that effectively shows that the above two propositions mostly add up nicely

Proposition 3. When each country is small, it is possible to replicate the complete market allocation
in a capital market union subject to both (idiosyncratic) deleveraging and arbitrary foreign quality and

various preference shocks using static equity positions and dynamic cross-country borrowing.

Proof: See Appendix.
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Figure 3: Quality Shocks in BU and CMU
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4 A Model with Capital

In this section, we extend the model to include physical capital and study the consequences of corporate
capital financing. We also study standard TFP shocks. These shocks have different implications in
terms of employment and inflation compared to the “quality” shocks above. Adding capital to the model
does not affect the key results of the paper. However, introducing investment quantitatively affects the
welfare benefits of a banking and capital market union. This occurs partly because investment lowers
the correlation between dividends and labor income reducing the hedging benefits of foreign equity.

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

4.1 Model Structure

Final goods producers As before, competitive final goods producers produce the consumption the

good using a CES technology that aggregates intermediate goods:

()

Intermediate goods producers Intermediate goods, however, are produced by monopolistically

competitive firms using a Cobb-Douglas technology with labor and capital as inputs:

- 1=n g
YLt—Ath,t Kj,t-

Where A; is an aggregate, country specific productivity shock. Intermediate goods producers are owned
by shareholders in the home and foreign country and maximize dividend payoffs to shareholders (d; ),

discounted using the average discount factor (mg, +) of savers in the two countries

o0

max [E; E My tysdjits
s=0

The weights for the discount factors are given by the stock positions. For example if home savers hold
most of the equity of home firms, home firms put more weight on the discount factor of home savers.
The firms can transfer the aggregate consunption good into capital through investment. Dividends
are:

dj,t - Pj,t}/j,t - Wth’t - Pth,t - Ptf(Ij,t)
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Where I;;, P;, N;; and Y}, are intermediate producer j’s investment, price, employment and output
at time ¢, W, is the wage rate in the country. Moreover, f(I;)is the investment adjustment cost. Here

we set

Firm j’s capital evolves according to:
Kj1t+1 - (1 - 5)Kj,t + Ij7t.
And it faces a downward sloping demand curve from producers of the final good:

P\ ¢
Yie=(22) v
7.t <Ph,t) t

Intermediate goods producers set prices flexibly. It follows that they all set the same price, labor

demand and investment level.
Ny =Ny, It = Iy, Py =Py, Ky = Kjy.

Optimal investment is determined by the following equation:

I; 1
P+ P ( 2t 1) =Eimy 41
L

Y; 1; 1;
PJ‘715+177KNJrl + Py ( LU 1) LR

2
Gt Iy I7

Here

Yjit2

+ ...
Kjiqo

U1 = (1 = 0)Eir1mit1,0+2P5 142m

This can be written in recursive form as

I 1
Pt + Pt9 (J—)t — 1) = Etmt,t-i-l
J 7,t+1

Ij,t*l

Y41 Lt 11 Lt 11
Pji1n=2L + P06 = -1 o+ A | -
J K I, Ijz,t

Here
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App1 = (1-96)

I; 1 I I
Prpr + Pryat ( JI"+1 - 1> — —Eip1miq1,e42P120 ( htt2 1) J’t+2] .

. ] 2
gt I],t I]7t+1 Ij,t+1

The price is a constant markup over marginal cost

Ph,tZMMCt-
Here
_ €
H= e—1
Wi
MC = —-——.
' (1_77)Yt/Nt

4.2 Numerical Welfare Benefits of a Banking Union

In this section we use the model with capital to estimate the welfare benefits of a banking union.
Under segmented markets, the private costs of funds are not equalized across regions. Martin and
Philippon (2017) and Gourinchas et al. (2016) quantify the extent of the dispersion in funding costs
during the Eurozone crisis. The simplest interpretation is that domestic banks intermediate savings
and investment, so that the private cost of fund is pinned down by the banking system. Formally, in
log-deviations from steady state, we have

T :T?

where 7 is the banks’ funding cost. We can then consider a small island subject to a spread shock r?
and a private leverage shock B; . We estimate these shocks using data from the Eurozone.” Spread
differences between countries increase consumption volatility and lower welfare. The banking union
reduces consumption volatility by equalizing interest rates between countries. The results are given in

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

"The borrowing limit follows the process
log Bi,t — log Bi,tfl = —0.01 x (1og Bi,tfl — log B) + 0.85 x (log Bi,tfl — log Bi)tfz) + 0.046?7,5

and the spread the process
2, =09r2, | +0.003€,

and the correlation between the two shocks is
corr (511'),7:75:,15) = —0.3.

The investment adjustment cost is estimated in the next section.
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Table 2: Consumption volatilities under segmented markets and a banking union, no supply shocks
Segmented markets Banking union

Savers’ consumption volatility 7.9% 0.1%
Borrowers’ consumption volatility 10.0% 2.7%
Aggregate consumption volatility 6.4% 0.8%

Table 3: Consumption volatilities under segmented markets and a banking union, also supply shocks
Segmented markets Banking union

Savers’ consumption volatility 13.0% 7.9%
Borrowers’ consumption volatility 21.2% 10.0%
Aggregate consumption volatility 13.0% 6.4%

consumption. The banking union eliminates almost all of the consumption volatility of savers. This
is consistent with Proposition 1 acccording to which the banking union attains the complete market
outcome subject to deleveraging shocks. It also suggests that the Proposition holds well in the extended
model with capital. The banking union also leads to a substantial reduction in the consumption
volatility of borrowers and a clear decline in the volatility of aggregate consumption.

Due to logarithmic preferences the welfare benefits of these changes are still relatively small. How-
ever, we could increase this welfare gain by raising savers’ risk aversion possibly through the use of
recursive preferences (Epstein and Zin (1989)).

Table 3 describes the volatilities when adding an additional supply shock modeled as a quality
shock. The estimation of this shock is described in the next section. Now the banking union does not

lead to zero volatility for savers but still implies a clear reduction in all consumption volatilities.

4.3 Numerical Welfare Benefits of a Capital Market Union

In this section we argue that the welfare gains of moving from a banking union to a capital market
union can be large. As before we employ the model with capital but now with two countries. The
results are sensitive to the shocks used. Due to Cole-Obstfeld preferences, TFP shocks do not create
large changes in the total value of output or dividends in each country. Sharing such shocks therefore
requires fairly little equity market diversification and consumption volatilities in each country are
generally insensitive to the level of diversification. On the other hand, such shocks tend to lead to a
counterfactually low correlation between dividends and labor income.

For this reason we calibrate the model with quality rather than productivity shocks. We also
employ deleveraging shocks. Such shocks tend to lead to more fluctiations in nominal output levels

than productivity shocks. However, as implied by our main proposition these shocks can be shared

25



Table 4: Consumption volatilities under a banking union and a capital market union
| Banking union, ¢ = 0.8 Capital market union, ¢ = 0.16

Savers’ consumption volatility 6.4% 4.1%
Borrowers’ consumption volatility 9.8% 8.4%
Aggregate consumption volatility 5.8% 2.3%

Table 5: Positive Externalities of a CMU
| Uninternalized Volatility Reduction Share of Total Volatility Reduction

Savers 0.4% 17%
Borrowers 1.4% 100%

using a bond and, similarly to producvity shocks, require little equity market diversification.

We estimate the shock processes using a home stock position of ¢ = 0.8. The implied correlation
between relative dividends and labor income is roughly 0.8, which is close to the average number for
EU countries calculated by Coeurdacier et al. (2010)®. After that we numerically solve for the optimal
home stock position from an individual saver’s perspective using the method described by Devereux
and Sutherland (2011). The optimal home stock position is constant up to second order and given
by ¢ = 0.16. We do not model the friction leading agents to choose a larger than optimal home
stock position. As in for example 7, we can think of this friction as a second order term that affects
macroeconomic conditions through its impact on stock positions. We then compare the volatilities of
log consumptions under the two different levels of equity market diversification.

The results are given in table 4. Increasing equity market diversification leads to 36% reduction
in the volatility of savers. Interestingly increased risk sharing by savers stabilizes the economy also
implying a clear reduction in the consumption volatility of borrowers. Note that in contrast to our
initial definition, the banking union matches the empirical amount of equity home bias instead of
featuring perfect home bias.

Table 5describes the positive externalities of a CMU. The savers do not internalize the gains accruing
to borrowers so we can think of this full volatility reduction as a positive externality. However, there
are positive externalities also for savers. If a single saver lowers his stock position to ¢ = 0.16, she
would face a consumption volatility of roughly 4.5%. That is roughly 20% of the volatility reduction
gains accruing to savers are uninternalized. This is both due to pecuniary and aggregate demand

externalities.

81f we match a smaller correlation value, the welfare benefit of a CMU is somewhat lower but still significant.

26



5 Conclusion

We define a banking union as an institution that ensures that private funding costs are equalized across
regions in a currency union. We define a capital market union as the optimal cross-border ownership
of corporate equity.

We find that a banking union can efficiently share demand shocks. Remarkably, with unit demand
elasticities, the banking union exactly replicates the complete market outcome. We find that a capital
market union can efficiently share supply shocks.

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

recent data. The gains of moving from BU to CMU are also significant.
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APPENDIX

A Equilibrium Conditions of the Base Model

A.1 Home
B
PCy: = +WyN, - T, — B,
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1 1
=BRE; | ———
PtCs,t B e |:Pt+lcs,t+1:|

*

N * * * * * * *
Pn Nt = (1 —a) (xPiCot + (1 — x) PiCs¢) + Nssa (X*PCy+ (1 —X")P/CL) + T,

SSs

I = (Pt — W) Ny

P = pW;

Wt = Wtfl (1 + K (Nt — NSS))

(1— ¢*) I, + oIT; = Sein
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A.2 Foreign
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H: = (P;:,t - Wt*) Nt*

P}t,t = Wy

Wi =W (1+r" (N = Ngy))

(1—¢) I0; + ¢*TI, {= Sy
* * NTH * ss +1
St +W/N; =T + T :PtCs)t—i— R,
A.3 Union-wide
Nss N by Nss NI P
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and

Nis (1 - X) Sey1+ Ns*s (1 - X*) S:+1 = NssxBiy1 + Ns*sX*BLA

B Proof of Lemma 1

Define the k-period ahead discount rate for k > 1 from the savers’ perspective

Ritrp=0+re) (L+rsjern—1),

and the convention R;; o = 1.

Let us start from market clearing for the home good:

PryNy = (1= ) (XP.Coy + (1 = X) PiCsy) + a* (X" PFCy, + (1= x*) P/ CL,) + PuaGh.

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

5 B?,t+1 h Sjt4+1 B, .
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Summing and rearranging the terms, we get

- Y1 1 B}‘Lt+2
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Therefore for a generic horizon K
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We take the limit and we impose a No-Ponzi condition
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The inter-temporal current account condition is
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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 include multiple symmetric countries. Given that there are I symmetric
countries, the complete market condition is Cy s, P;; = Cts,j P 5,%,5 = 1, ..., I. With symmetric stock

positions and uniform tax rate on labor and capital income, the budget in each country is

P iCsti=
1 (n— D)Wy iNg(1—17) (1—¢) (p=DWi,;Ny;(1—7)
B — =)+ WyiNp(1 - iV, 3 iV, _
( Rt)+ tilVei(L—7) + T—x + T-1 T—x

J#i
Deducting the conditions for two countries ¢ and j # ¢ we obtain
P iCsti — P jCstj =

(p = DWWy iNy i — (u— 1)Wy j N
1-x

(WtyiNtyi—Wtythﬁj)(l—T)—I—(p (1—7‘)

p—1 l1-pp-1
1—-x I-11-x/°

Wi iNg; — Wi iNyj 1 —
T—y T—1

(=) = (1= 7) (Wi i = Wiy i) (146
Imposing the complete market condition and ignoring the indeterminacy case, we need

1+

p—1 1—-—pp—1
T =0. (9)
-x I—-11-—x

From this one can solve

1 I-11-x
=7 T a1 (10)
Savers in each country should invest % — %ﬁ in home stocks and % + %ﬁ in the stocks of each

foreign country. Savers should overweight foreign stocks. Next we need to extend proposition 1 to
include static equity positions. Using manipulations similar to those in the proof of Lemma 1, we can

write

Bit1,
WeslNei( = (1= @)(1+ s = 1)) = Frg G+ (1 =01 = o) ((Z522 = B )

St+1,i Bl i, g
(=) (P ) 4 (1)1 - Tt (1) (2]

t
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Here T'; is the savers’ income from foreign stocks. For simplicity assume labor income as well as home
and foreign capital gains are all taxed at the same rate 7 and that the government does not take new

debt. From this we obtain

Weslleil— (1= @)1+ s = 1) = a7~ arg =) — Fy o (1= - ) (222 - )

Sevvi Bt
“x(1 - a) (B —sm)+<<1—a><1—x>+m>n,i+<1—a>( e —Bf,z)-
t t

From this it is possible to write labor income as a function of exogenous variables. Then one can

oo Fiqgk

write the value of savers’ spending as a function of exogenous variables S;, By, BY , E; >, o and

E: > reo 1;{:: as in the proof of Lemma 1. This generalizes proposition 1.

Step 2: The Main Argument Given symmetric borrowing patterns the above stock positions
perfectly share shocks affecting labor income such as quality shocks. These shocks need not be id-
iosyncratic. Idiosyncratic deleveraging shocks do not distort symmetry. This is because the savers hold
a constant amount in non-contingent savings. If borrowers pay back debt, the savers can substitute this
by lending more to foreign countries. While the proof assumes that the home quality stays constant it
also goes through with unanticipated home quality shocks. Moreover, it works for preference shocks
that do not alter the complete market condition such as shocks to the disutility of labor that might

affect the Phillips curve for wages.
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D Calibration

D.1 Symmetric calibration

Parameter Description Value
Fraction of impatient 0.5
Discount factor of savers 0.995
o} Openness to trade 0.25
K Slope wage Phillips curve 0.1
€ Elasticity domestic intermediates 4
n Capital share 0.36
é Depreciation rate 0.015
oy Taylor rule - output gap 1.5
o Taylor rule - inflation 0.5

E Allowing Borrowers to Default

In this section we study deleveraging with default by some borrowers. Allowing borrowers to default can
have a significant impact on deleveraging dynamics. A default is a transfer from savers to borrowers. If
borrowers can default, the required spending cut is smaller, and this limits the macroeconomic impact
of deleveraging. This is the direct effect of default. The indirect effects work through the banking
system, as non performing loans reduce banks’ solvency and limit their ability to lend. In that sense,

default can lead to a credit crunch.

Default and Deleveraging Consider a debt deleveraging shock at home, which reduces the gross
debt of impatient agents. Without default, the budget constraint of an impatient agent is given by
equation (3). We start from a steady state with constant B; = By and we tighten the limit to B; < By.
We let n be the fraction of deleveraging achieved through default. The budget constraint at time 0
then becomes

B _
POCb,O = WoNO — To + R—; - (1 — ’I]) Bo.

We assume no further default from time 1 onward.
The next question is: Who bears the cost of default? In a closed economy setup credit losses must

be borne by domestic savers. In an open economy it depends on who owns the debt. Let w be the
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fraction of home debt owned by home savers. After the default, we have

S() = Efl [S()] — wnBo

and

SS = E_l [SS] — (1 — w) nBQ.

The debt can be directly held, or it can be intermediated by banks. In the later case, the crucial
issue becomes the equity ownership of banks. The most direct interpretation of these equations is that
household debt is directly held by other households. An equivalent setup is to imagine that domestic
banks intermediate domestic household debt. Domestic banks make loans to households and finance
themselves with debt and equity. Foreign households own a share (1 — w) of domestic bank equity.
When borrowers default, bank equity takes a hit, and foreign household end up absorbing (1 — w) 1By

just as if they held the debt directly.

Lemma 3. Equivalence of cross-border bond funds and foreign bank equity ownership.
The two following economies are equivalent in their sharing of credit risk: (1) foreign households hold
a fraction 1 — w of bonds backed by domestic loans; or (2) domestic households borrow from domestic

banks, but foreign households own a fraction 1 — w of domestic bank equity.

The lemma makes clear that, as far as sharing default risk is concerned, different types of capital
market integration are equivalent. One option is to package loans into bonds and sell them abroad.
Another option is to let banks retain the loans and encourage cross-border ownership of bank equity.

We now present impulse responses to deleveraging and default shocks. Figure 4 presents impulse
responses to a 5% deleveraging shock when part of deleveraging is achieved through default, for different
values of 1 (keeping w = 0.5). For the case of deleveraging achieved completely through default (n = 1),
the deleveraging shock has no effect. The effects of the deleveraging shocks are larger the smaller the
fraction of deleveraging achieved through default.

For a large enough deleveraging shock, such that the zero lower bound on the nominal interest
binds, deleveraging through default is especially attractive from the point of view of employment
stabilization: in the most extreme case in which deleveraging occurs only through default (n = 1) and
the incidence of default by domestic borrowers falls only on domestic savers (w = 1), employment is
unchanged in both countries and consequently the central bank does not change its policy rate. In

the polar opposite case, n = 0, full employment stabilization requires an unfeasibly large fall in the
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Figure 4: Deleveraging with Default
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Notes: Impulse responses to permanent -5% shock to B; with default. 7 = 0 means no default, » = 1 means complete
default. Cross-border bank equity is set at w = 0.5.
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nominal interest rate. This comparison is illustrated in Figure 5 (for w = 0.5).
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Figure 5: Deleveraging with Default at ZLB
IRFs to B shock
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F  Only Productivity Shocks

Due to Cole-Obstfeld preferences, price adjustments give a natural hedge against productivity shocks.
This can be formalized in the following lemma that generalizes the famous Cole and Obstfeld (1991)re-
sult to a borrower-saver agent economy with rigidities. Note also the limitations of the lemma: it
considers a setting with only productivity shocks. That it does not hold for example in an environ-
ment with both productivity and quality shocks in which case the CMU still attains the complete

market outcome.

Lemma 4. Cole-Obstfeld 91 Result with Borrowers Consider a symmetric two country economy
similar to that in the baseline model but subject to productivity shocks. The optimal stock positions are
indeterminate and the equilibrium always attains the complete markets allocation for both borrowers

and savers.

Proof. Now the production functions for the intermediate goods are A;N; and A;N,". Firms set
prices u‘f—:and /LVX—;{- In this model

yipr = At Nipr = pWi Ny

and

yipi = AIN{p; = pWi N

Moreover, firm profits are as before. Conjecture that the model attains the complete market
outcome for both savers and borrowers. That is

Csi P = C5 P

and

Co P = Cy Y

Now we have,

ye . (1=a)Cst Pi/pi4aCy P} /pi+(1—a)Ch ¢ Pt /pi+aCy Pl /p:
yi — (A=o)C; P /pi+aCs P /pi+(1—a)Cy  PF/pi+aCh P /py -

Then applying the complete market conditions, we obtain

yr _ CstPe+Coi P p; _ P

yr = CstPi+Ch Pt pr ~ Dt

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

WiNy — WENE = 0.

Now one can see that the budget constraints support the complete market conditions for both savers

and borrowers for any symmetric stock positions. Note that o can be arbitrary so the result also holds

with respect to symmetric quality shocks. However, it does not hold with respect to arbitrary quality
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shocks such as shocks that only affect the foreign country.

What is the intuition behind the result? Assume that markets are complete. Now due to Cole-
Obstfeld preferences relative output levels and prices must move one-to-one. This means that the
value of output in each country must be the same. Higher production implies lower prices. But the
assumption for production technology implies that labor income is a constant fraction of the total
value of output in each country. This means that total labor income in each country must be the

same. Finally, this implies that the budget constraints support the complete market allocation.

G Asymmetries

We now generalize the results concerning equity to asymmetric initial stock positions, mark-ups and
shares of savers. The complete market condition is PCs; = AP;Cy;, where X is the Pareto weight.

The budget constraints are

B+ NW, =T+ @U=DNW, + (1 — o*) 52Ny Wy = PCyy + £

1—x*

B+ N;Wy =T+ (1- @) LU NW, + 0" Ny Wy = PO, + £

1—x*
Deducting the budget constraints and imposing the complete market condition yields
N,W, (1 n W%);“‘”) ~NFW (1 n W;iiﬁ“‘”) = (\-1)PrCE,
or
N, W, (1 + (290%);/“1)) — N;Wy (1 + W;ii)x(g—l)) = %(MNtWt ot NFWE)
From this we can solve
N, W, (1 + (290%);/“1)) — N;Wy (1 + W;ii)x(g—l)) = %(MNtWt ot NFWE)
or
N, W, (1+(290%)¥‘_1)_i\+;>1\'u) —N;Wt* (1+%§i‘*_1)+%’u*) =0

From this we solve

1 11— 1 (A=Du(l—
p=3-ix 4 100y
and

* 1 11=x" 1 (QA-Dp"(1-x")
L R Ry e A (5§ | g7E )

The relative Pareto weight A depends on initial conditions and can be solved numerically. ¢ is
increasing in A and ¢* decreasing. The result can be generalized to different tax rates. The above

derivations generalize Proposition 2. Proposition 3 can be generalized similarly.
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H Pareto Efficient Solution

Our results highlight the cases in which a BU or a CMU can replicate the complete market outcome
for savers. One limitation of our findings is that this equilibrium might still not be Pareto efficient.
This is because of two reasons. First, this equilibrium does not attain the complete market allocation
between borrowers in different countries or within borrowers and savers. The allocation can therefore
feature pecuniary externalities as the marginal rates of substitutions between all agents are generally
not equalized.

The second reason is that we assumed that wages are sticky. This is not important for the main
results of the paper. However, as explained by Farhi and Werning (2017) such rigidities can give rise
to aggregate demand externalities. This can imply that even the full complete market allocation is not
Pareto efficient.

We leave providing a solution for the Pareto efficient allocation in the present setup to future work.
However, we do show numerically that a BU and a CMU tends to improve welfare. Moreover, we

numerically evaluate the positive externalities of a CMU.

40



References

Allard, C. and P. K. Brooks (2013). Towards a fiscal union for the euro area. IMF Staff Discussion
Note, 13/09.

Asdrubali, P., B. Sorensen, and O. Yosha (1996). Channels of interstate risk sharing: United states

1963-1990. The Quarterly Journal of Economics 111(4), 1081-1110.

Bayoumi, T. and P. R. Masson (1995). Fiscal flows in the united states and canada: Lessons for
monetary union in europe. European Economic Review 39(2), 253 — 274. Symposium of Industrial

Oganizational and Finance.

Benigno, P. and F. Romei (2014). Debt deleveraging and the exchange rate. Journal of International
Economics 93(1), 1 — 16.

Bernanke, B. and M. Gertler (1989). Agency costs, net worth and business fluctuations. American

Economic Review 79, 14-31.

Bernanke, B., M. Gertler, and S. Gilchrist (1999). The financial accelerator in a quantitative business
cycle framework. In J. B. Taylor and M. Woodford (Eds.), Handbook of Macroeconomics, Volume 1C.

Elsevier Science, North Holland.

Blanchard, O., C. J. Erceg, and J. Linde (2014). Jump-starting the euro area recovery: Would a rise

in core fiscal spending help the periphery? mimeo.

Bolton, P. and O. Jeanne (2011). Sovereign default risk and bank fragility in financially integrated
economies. IMF Economic Review 59(2), 162-194.

Campbell, J. Y. and N. G. Mankiw (1989). Consumption, income and interest rates: Reinterpreting

the time series evidence. NBER Macroeconomics Annual 4, 185-246.

Coeurdacier, N. and P.-O. Gourinchas (2011). When bonds matter: Home bias in goods and assets.

NBER Working Paper No. 17560.

Coeurdacier, N., R. Kollmann, and P. Martin (2010). International portfolios, capital accumulation

and foreign assets dynamics. Journal of International Economics 80(1).

Coeurdacier, N. and H. Rey (2012). Home bias in open economy financial macroeconomics. Journal

of Economic Literature 51(1), 63-115.

41



Coeurdacier, N. and H. Rey (2013). Home bias in open economy financial macroeconomics. Journal

of Economic Literature 51(1), 63-115.

Cole, H. and M. Obstfeld (1991). Commodity trade and international risk sharing: How much do

financial markets matter. Journal of Monetary Economics 28, 3—24.

Cooley, T., R. Marimon, and V. Quadrini (2004). Aggregate consequences of limited contract enforce-

ability. Journal of Political Economy 112, 817-847.

Curdia, V. and M. Woodford (2009). Conventional and unconventional monetary policy. mimeo

Columbia.

Devereux, M. B. and A. Sutherland (2011). Country portfolios in open economy macro-models. Journal

of the European Economic Association 9(2), 337-369.

Eggertsson, G. and P. Krugman (2012). Debt, deleveraging, and the liquidity trap:a fisher-minsky-koo
approach. Quarterly Journal of Economics (127(3)), 1469-1513.

Engel, C. and A. Matsumoto (2009). The international diversification puzzle when goods prices are
sticky: It’s really about exchange-rate hedging, not equity portfolios. American Economic Journal:

Macroeconomics 1, 155—188.

Epstein, L. G. and S. E. Zin (1989). Substitution, risk aversion, and the temporal behavior of con-

sumption and asset returns: A theoretical framework. Econometrica 57, 937-969.
Farhi, E. and I. Werning (2017). Fiscal unions. American Economic Review 107(12), 3788-3834.
Fornaro, L. (2014). International debt deleveraging.

Gali, J., D. Lopez-Salido, and J. Valles (2007). Understanding the effects of government spending on

consumption. Journal of the European Economic Association 5(1), 227-270.

Gali, J. and T. Monacelli (2008). Optimal monetary and fiscal policy in a currency union. Journal of

International Economics 76, 116-132.

Gertler, M. and N. Kiyotaki (2010). Financial intermediation and credit policy in business cycle

analysis. Working Paper, NYU.

Ghironi, F. (2006). Macroeconomic interdependence under incomplete markets. Journal of Interna-

tional Economics 70(2), 428 — 450.

42



Gourinchas, P.-O. and M. Obstfeld (2012). Stories of the twentieth century for the twenty-first.

American Economic Journal Macro 4 (1), 226-265.

Gourinchas, P.-O., T. Philippon, and D. Vayanos (2016). The analytics of the greek crisis. In NBER
Macroeconomics Annual 2016, Volume 81, NBER Chapters. National Bureau of Economic Research,

Inc.

Guerrieri, L. and M. Iacovello (2014). Occbin: A toolkit for solving dynamic models with occasionally

binding constraints easily.

Heathcote, J. and F. Perri (2002). Financial autarky and international business cycles. Journal of

Monetary Economics 49(3), 601 — 627.

Heathcote, J. and F. Perri (2013). The international diversification puzzle is not as bad as you think.

Journal of Political Economy 121(6), 1108-1159.

Hepp, R. and J. von Hagen (2013). Interstate risk sharing in germany: 1970-2006. Ozford Economic
Papers 65(1), 1-24.

Hoffmann, M., E. Maslov, B. Sorensen, and I. Stewen (2018). Are banking and capital markets union

complements?evidence from channels of risk sharing in the eurozone. CEPR DP13254.

Ivashina, V. and D. Scharfstein (2008). Bank lending during the financial crisis of 2008. Harvard

Business School Working Paper.

Kehoe, P. J. and F. Perri (2002). International business cycles with endogenous incomplete markets.

Econometrica 70(3), 907-928.
Kiyotaki, N. and J. Moore (1997, Apr). Credit cycles. Journal of Political Economy 105(2), 211-248.
Lane, P. (2012). The european sovereign debt crisis. Journal of Economic Perspectives 26(3), 49-68.
Lane, P. (2013). Capital flows in the euro area. European Economy, Economic Papers 497.

Mankiw, N. G. (2000). The savers-spenders theory of fiscal policy. American Economic Review Papers

and Proceedings, 120-125.

Martin, P. and T. Philippon (2017, July). Inspecting the mechanism: Leverage and the great recession

in the eurozone. The American Economic Review.

43



Mian, A. and A. Sufi (2010). Household leverage and the recession of 2007-2009. IMF Economic
Review 1, 74-117.

Midrigan, V. and T. Philippon (2010). Household leverage and the recession. NYU Working Paper.

Modigliani, F. and M. H. Miller (1958). The cost of capital, corporation finance and the theory of

investment. American Economic Review 48, 261-297.

Obstfeld, M. and K. Rogoff (1995). Exchange rate dynamics redux. Journal of Political Econ-
omy 103(3), 624.

Schmitt-Grohe, S. and M. Uribe (2013). Downward nominal wage rigidity, currency pegs, and invol-

untary unemployment. Working Paper.

Schnabel, I. and N. Véron (2018, March). Breaking the stalemate on european deposit insurance.

Technical report, Bruegel Discussion Paper.
Sihvonen, M. (2018). Is equity home bias socially optimal? Working Paper.

Véron, N. (2007, August). Is europe ready for a major banking crisis? Policy brief, Bruegel.

44



