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Failures of risk sharing lie at the heart of many economic crises, including the one that

threatened the survival of the Eurozone in the early 2010s. A comparison of macro-economic

dynamics in Europe to those of the United States during that period reveals the importance

of risk sharing. Private leverage cycles are volatile and heterogeneous across U.S. states,

just as they are across E.U. countries. They a�ect output and employment in similar ways.

In Europe, however, private leverage cycles are ampli�ed by sudden stops and spreads in

banks' funding costs between countries. As spreads widen, weaker countries sink deeper

into recession. These are clear signs of ine�cient risk sharing.

The creation of a banking union has been a deliberate response to these issues. Focusing

on banks is a natural step because banks intermediate most of European �nancial �ows. The

funding cost of banks has a direct impact on the credit conditions of households and �rms.

The main purpose of the banking union is to guarantee that funding conditions remain

the same across regions within Europe and that they are not directly a�ected by domestic

sovereign risk. There is broad agreement that some form of banking union is necessary

to ensure the stability of the Eurozone, even as disagreement persists about its required

features, such as deposit insurance, bail-ins, and the funding of resolution.

A central goal of the banking union is to ensure that funding costs in the money mar-

ket remain equal across regions within Europe. We call this feature of a banking union a

money market union; we argue that such a money market union is essential to facilitating

risk sharing in a currency union. Banks, money market funds and non-�nancial corpora-

tions rely on money markets for their short-term funding, and money market rates serve

as benchmark for other markets as well as operational targets for central banks. Monetary

policy transmission breaks down when money market funding costs diverge in a currency

union.

A money market union is narrower than a full banking union. For insurance, deposit-

taking and loan-making remain highly segmented in the Eurozone and a banking union

might encourage cross-border activities. It would then entail the sharing of loan default risk

at the same time as a diversi�cation of banks' funding costs. This outcome, however, can at

best be a long term goal. In the meantime, the stabilization of money market funding costs

has been achieved by a mixture of monetary policy and joint backstops for bank's recovery

and resolution. The distinction between money markets and long-term capital markets is

also crucial when discussing sovereign risk. For instance, all proposals for orderly sovereign

debt restructuring involve tools to stabilize money markets.

A second key policy initiative in Europe is the building of a capital market union. Such

a union can improve risk sharing via �nancial markets - i.e., equity and �xed income �ows

apart from cross-border bank �ows. The asymmetries in COVID-19 related shocks has

resulted in further pleas to both strengthen the banking union and advance in setting up

the capital market union. However, there is no clear agreement, and little academic analysis,
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of the gains from adding a capital market union to a banking or money market union. This

paper attempts to bridge that gap.

We model a currency union with nominal (wage) rigidities under four degrees of �nancial

integration: (i) segmented markets as observed during the Eurozone crisis; (ii) a money

market union where risk-free interest rates are equalized across regions; (iii) a capital market

union with optimal cross-border equity holdings; and (iv) a complete markets economy. We

then ask how these model economies respond to two types of shocks: domestic-demand

shocks (triggered by public or private deleveraging) and other shocks (TFP shocks, quality

shocks, and foreign demand shocks).

We take a resolutely macro-economic perspective in modeling the money market and

capital market unions; our models emphasize economic function rather than industry classi-

�cations. We study the risk-sharing possibilities a�orded by an ideal money market union:

in our model, a money market union is an institution that guarantees that risk-free interest

rates remain the same in all regions irrespective of the shocks that hit these regions. In

an ideal money market union risk-free rates depend neither on the health of the domestic

sovereign � a no-doom-loop condition � nor on the perceived strength of local banks � a

no-sudden-stop condition. Of course, risky rates can di�er across regions with di�erent eco-

nomic conditions, but this divergence corresponds to the e�cient pricing of credit risk, not

to divergence in money markets funding costs.

We model a capital market union as a market structure that allows frictionless sharing

of risk to the market value of private capital. In our model claims to the value of capital

most closely resemble traded corporate equity. In reality, the trading of private credit

instruments (corporate bonds, securitized loans, etc) plays a crucial role in most proposals

related to the capital market union in the EU context. However, we can study an ideal

capital market union without taking a stand on the details of risky debt versus equity.

The key point is that negative shocks cause equity and risky debt to fall in value. We could

allow �rms to issue debt and equity, or we could model a repackaging of such claims, without

changing our macro-economic insights. In other words, we can assume a form of Modigliani-

Miller theorem (Modigliani and Miller, 1958) at the �rm level and study the macroeconomic

consequences of risk sharing across countries. The money market union does not allow for

ex-post adjustments to the value of claims. A capital market union, on the other hand,

allows risk transfers, either via default on risky debt, or via changes in the market value of

equity.

It is important to note that we consider a particular, plausible, implementation of com-

plete markets. Each country in the currency union is populated by borrowers and savers;

complete markets means throughout that the marginal utilities of consumption of savers

are equalized across borders, because a borrowing constraint restricts borrowers' ability to

engage in risk sharing.
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De�nition Demand Shocks Supply Shocks
Segmented Markets (SM) Rj,t 6= R̄t for some (j, t) worse than MMU worse than MMU

Money Market Union (MMU) Rj,t = R̄t for all (j, t) = COMP worse than CMU
Capital Market Union (CMU) Foreign equity share ϕ = COMP = COMP
Complete Markets (COMP) Backus-Smith condition = COMP = COMP

Table 1: Summary of Results

We then ask whether such money market and capital market unions can replicate a com-

plete markets economy, and we show that the answer depends on the types of shocks under

consideration. We �nd that a money market union is enough to deal with (de)leveraging

shocks, both public and private. However, a capital market union is necessary to attain (or

approximate) the complete markets outcome when there are supply shocks.

For deleveraging shocks we �nd that the money market union provides the same level of

risk sharing as a complete markets economy. Deleveraging has real consequences: it creates

an aggregate drag on the economy, and it a�ects output and employment. One of our main

�ndings is that borrowing and lending across regions allows an e�cient sharing of the burden

of adjustment created by the deleveraging.

This result is based on a surprising symmetry in the demand e�ects induced by delever-

aging. In our model, deleveraging causes a recession and therefore initially lowers the labor

income of savers. However, the lower debt burden of borrowers leads to higher demand in

the future, which increases the future income of savers. How do these two e�ects add up?

We show that in the benchmark small country model with Cole-Obstfeld preferences these

two e�ects exactly o�set each other so that neither the net present value of savers' nominal

income nor their nominal consumption expenditure changes. We show that this result holds

approximately in more general models. However, it crucially requires that a money market

union-type institution guarantees that funding costs are equalized across regions.

We �nd that a capital market union is necessary for the e�cient sharing of other shocks

(supply shocks). These shocks have a �rst order e�ect on the market values of assets and

can only be shared with cross-border claims on private capital. This also underscores the

limitations of a money market union: it cannot share supply shocks. Table 1 summarizes

our results.

The structure of this paper is the following. Section 1 introduces the basic model struc-

ture. Section 2 studies the risk sharing properties of a money market union and section 3

those of capital market union. Finally, the appendix provides additional numerical results,

robustness checks and discussion about model assumptions.

Related Literature Our paper is related to various lines of research in international

macroeconomics as well as studies of the causes and consequences of the Eurozone crisis.
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The optimal currency area pioneered by Mundell (1961) recognized the importance of a

risk sharing mechanism. Kenen (1969) argued that such risk sharing should be organized

through inter-regional �scal transfers. However, Mundell (1973) notes that sophisticated

�nancial markets might provide full insurance.

Cole and Obstfeld (1991) analyze a two-country, two-good endowment economy with

�exible prices and show that adjustments to the terms of trade provide insurance against

country speci�c shocks. Heathcote and Perri (2002) analyze production economies and

�nd that models with asset market segmentation match cross-country correlations better

than the complete markets model. Kehoe and Perri (2002) endogenize the incompleteness

of markets by introducing enforcement constraints that require each country to prefer the

allocation it receives by honoring its liabilities rather than living in autarky from any given

time onward.

Obstfeld and Rogo� (1995) introduce nominal rigidities in the style of New Keynesian

business cycle models into the open economy framework. Ghironi (2006) provides a discus-

sion of this literature and emphasizes the di�culties in modeling market incompleteness.

Gali and Monacelli (2008) circumvent the issue by assuming complete asset markets. This

is also the approach followed by Blanchard et al. (2014) who model the Eurozone as a

two-country (core and periphery) model.

There is a large literature on risk sharing in currency unions. Bayoumi and Masson

(1995) discuss the issue of risk sharing and �scal 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. Lane (2012) provides a detailed account of the principal drivers of the Eurozone

crisis; the speci�c role of the boom/bust cycle in capital �ows is analyzed by Lane (2013)

and Gourinchas and Obstfeld (2012). Martin and Philippon (2017) provide a framework

and an identi�cation strategy to study the Eurozone crisis. They decompose each coun-

try's dynamics into three components: private leverage cycles, sovereign risks, and sudden

stops/banking crises. They �nd that credit spreads play an important role in exacerbating

the Eurozone crisis. We extend their analysis to study analytically what type of market

integration is necessary for the e�cient sharing of di�erent types of shocks. We also en-

hance their analysis by modeling aggregate demand spillovers and monetary policy. Bolton

and Jeanne (2011) analyze the transmission of sovereign debt crises through the banking

systems of �nancially integrated economies. Hepp and von Hagen (2013) provide evidence

from Germany and Afonso and Furceri (2008) from the EMU. Schmitt-Grohe and Uribe

(2016) emphasize the role of downward wage rigidity. Farhi and Werning (2017) analyze

risk sharing in a currency union in a model with nominal rigidities. They show that �xed

exchange rates increase the value of risk sharing and that complete markets do not lead to

constrained e�cient risk sharing. Using a similar model, Auray and Eyquem (2014) argue

that complete markets can lead to lower welfare than �nancial autarky. Ho�mann et al.
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(2018) �nd that the introduction of the euro led to a more integrated interbank market, yet

had little e�ect on cross-border bank-to-�rm lending.

A common thread in both IRBC and NOE research is that the composition of �nancing

�ows is not discussed in detail beyond distinguishing between complete markets and non-

contingent bond economies, as explained in Devereux and Sutherland (2011b) and Coeur-

dacier and Rey (2012). The authors provide a simple approximation method for portfolio

choice problems in general equilibrium models that are solved using �rst-order approxima-

tions around a non-stochastic steady state. A few papers address speci�cally one of the

enduring puzzles in open economy macroeconomics, the home equity bias puzzle. Coeur-

dacier and Gourinchas (2016) 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 �uctuations make domestic assets a good hedge

against labor income risk. Sihvonen (2018) studies the aggregate e�ects of equity home

bias in a model that features nominal rigidities and �xed exchange rates. Fornaro (2018)

and Benigno and Romei (2014) study the e�ect of deleveraging shocks in open economies

with nominal rigidities. Fornaro (2018) compares the consequences of a tightening of the

exogenous borrowing limit in Bewley economies with and without nominal rigidities and

�xed exchange rates. Benigno and Romei (2014) consider a two-country model in which one

country is a net debtor and the other is a creditor. They analyze the e�ect of a tightening

in the borrowing limit. The literature on sudden stops in emerging markets (Mendoza and

Smith, 2006; Mendoza, 2010; Chari et al., 2005) focuses on the imposition of an external

credit constraint. These models are couched in representative agent frameworks and do not

account for domestic credit �ows. On the other hand, the borrower-saver models, (see e.g.

Eggertsson and Krugman, 2012), and more generally the two agent New Keynesian models

(Bilbiie, 2008; Debortoli and Gali, 2017) lack the international dimension. Our paper in-

stead presents a model that can account for both domestic and external capital �ows, which

is important for our results.

Finally, some papers have studied the insurance properties of a riskless bond in partial

equilibrium settings or endowment economies. Yaari (1976) shows that a patient consumer

can self-insure against transitory income shocks through borrowing and lending. This self-

insurance property is generally important in heterogeneous agent models with incomplete

markets (see e.g. Aiyagari, 1994). Levine and Zame (2002) consider a single good endow-

ment economy. They show that when agents are perfectly patient and endowment shocks

are transitory and idiosyncratic, the equilibrium with trading in a single bond attains the

complete market outcome. However, we do not assume that shocks are transitory. Rather,

we endogenize transitory income e�ects and we show that, due to general equilibrium ef-

fects, demand shocks do not a�ect savers' nominal wealth or nominal consumption even

when they are permanent. Unlike Levine and Zame (2002), we do not assume that agents
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are perfectly patient and allow for a discount factor below one.

1 Model

We consider a currency union composed of several countries, each of which is populated by

a measure of in�nitely lived households. Each country produces a tradable domestic good

and households consume both domestic and foreign goods. As in Gali and Monacelli (2008),

we assume a continuum of small countries. However, as highlighted in the proofs and the

appendix, many of our results extend to the case of a �nite number of countries. Following

Mankiw (2000) and Eggertsson and Krugman (2012), we assume that within each country,

households are heterogeneous in their degree of time preference. Speci�cally, in each region

there is a fraction χ of impatient households, and a fraction 1− χ of patient ones. Patient

households (indexed by s for savers) have a higher discount factor than borrowers (indexed

by b for borrowers): β ≡ βs > βb. The economies di�er with respect to the menu of traded

assets available to savers. For now we leave time subscripts out of the model parameters,

although we consider (anticipated or unanticipated) shocks to many of them later.

1.1 Preferences and technology

We introduce equilibrium conditions for the home country, but they are de�ned analogously

for the other countries. Households of each type (borrower or saver) derive utility from

consumption and labor through Cole-Obstfeld preferences:

Et
∞∑
t=0

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

where Ci,t is a composite good that aggregates goods produced by the home (Ch) and

foreign (Cf ) countries

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 economy; equivalently, 1 − α

measures home bias in consumption.1 The home good is a composition of intermediate

goods produced and aggregated into the �nal consumption home good using the following

constant elasticity (ε) of substitution technologies:

1With discount rate shocks the borrowers problem is

Et
∞∑
t=0

t∏
k=0

βb,k
[
logCb,t − ν

(
Nb,t

)]
.
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Ch,i =

[∫ 1

0

ci (j)
ε−1
ε dj

] ε
ε−1

.

The foreign good is a composition of goods produced in the di�erent countries and aggre-

gated into a �nal good via the technology

logCf,i =

∫ 1

0

log(Ck,i) dk.

Similarly to the home good, each such foreign good is in turn a composite of intermediate

goods:

Ck,i =

[∫ 1

0

ck,i (j)
ε−1
ε dj

] ε
ε−1

.

With these preferences, the home consumption-based price index (CPI) is

P = (Ph)
1−α

(Pf )
α
.

Here the domestic producer price index is

Ph =

[∫ 1

0

p (j)
1−ε

dj

] 1
1−ε

,

where p(j) are prices of intermediate goods and

Pf = exp

∫ 1

0

log(Pk) dk.

Similarly for each foreign country the producer price index is

Pk =

[∫ 1

0

pk (j)
1−ε

dj

] 1
1−ε

.

The production of intermediate goods is linear in labor AN , where A is total factor produc-

tivity. In the appendix we introduce capital into the production function.

1.2 Wages and prices

We assume the labor market is rationed uniformly across households. This assumption

simpli�es 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.2 We assume a general form for the wage

2In 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 �x
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setting functionWt = g (zt), where zt denotes the history of state variables up to time t. We

do this to emphasize that the speci�c form of wage setting is immaterial to our theoretical

results. Anticipating the discussion in Sections 2 and 3, this is because our theoretical

results will describe the behaviour of nominal variables. The precise form of wage setting is

of course critical in determining the behaviour of real variables. In the appendix we study

the bene�ts of money market and capital market unions with a calibrated model. To do

so we assume sticky wages, which is important for quantitative results. This assumption is

employed also when generating the impulse response �gures in the theoretical section.

We assume prices are �exible though many of the results hold also with �xed prices. The

monopolistically competitive intermediate goods producers set their prices �exibly every

period. It follows that:

pt (j) = Ph,t = µ
Wt

A
, ∀j, t,

where µ ≡ ε/ (ε− 1) is a markup over the marginal cost Wt

A . Since intermediate goods

producers charge a markup over marginal cost, they earn pro�ts

Πt = (APh,t −Wt)Nt = (µ− 1)WtNt.

1.3 Borrowers' budget constraint

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

Bt+1

Rt
+WtNt − T bt = PtCb,t +Bt.

Where Bt is the face 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 currency of the monetary union and is subject to an exogenous limit B̄:

Bt+1 ≤ B̄.

In the numerical calibrations we assume that the borrowers are impatient enough that they

always borrow up to the constraint, so Bt+1 = B̄. However, this assumption is not required

for most of the theoretical results.

this by assuming a low elasticity of labor supply, which amounts 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 �scal policy. In an extension we study the
case where the natural rate is de�ned by the labor supply condition in the pseudo-steady state ν′

(
n?i
)

=

(1 − τj)
wj
xi,j

. We can 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 country. This ensures consistency 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.
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1.4 Monetary and �scal policy

The precise form of the monetary policy rule R̄t(z
t), given a history of state variables zt,

is not important for the theoretical results. However, we assume that the policy rate does

not react to purely domestic shocks facing a small open economy. That is R̄t(z
t) = R̄t(z̃

t),

where z̃t is a history of aggregate state variables. This is also where the assumption of

a �xed exchange rate comes to play. Our key results hold given �exible exchange rates if

we assumed that the policy rate does not react to the country speci�c shocks. However,

generally with independent monetary policy the domestic central bank might choose to react

to these shocks, which would a�ect the results.

The government budget constraint is:

Bgt+1

Rt
= Ph,tGt − Tt +Bgt . (1)

The rate on government debt is Rt and tax receipts are Tt = χT bt + (1− χ)T st . Here

we assume the government consumes only domestic goods, which is important for our re-

sults concerning government spending shocks. We assume away from state-contingent �scal

transfers between governments; on �scal unions see for example Farhi and Werning (2017).3

1.5 Savers' budget constraint in each of the economies

Segmented Markets (SMU) and Money Market Union (MMU) Savers save at

the rate Rt. The savers' budget constraint is

St +WtNt − T st +
Πt

1− χ
= PtCs,t +

St+1

Rt
,

where Πt are per-capita pro�ts from intermediate good producers. Only savers in each

country have claims to these pro�ts, so Πt
1−χ are pro�ts per saver. Under MMU, 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 can have Rt 6= R̄t and we will need to specify how Rt is determined.

SMU is considered primarily in the numerical section in the appendix.

Capital Market Union (CMU) In a capital market union savers can additionally trade

a continuum of stocks. Each such stock k represents a claim to the aggregate pro�t stream

in country k. The savers' budget constraint in the home country is

St +WtNt − T st +

∫
k

ϕt,k (Vt,k + Πt,k) =

∫
k

ϕt+1,kVt,k + PtCs,t +
St+1

Rt
,

3Note that in our complete markets case the savers, but governments, can write state-contingent contracts.
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where ϕt,k are the home savers' aggregate holdings of the country k stocks and Vt,k is the

price of country k stock. In an (ideal) CMU this stock trading is frictionless.

Complete Markets In the complete markets economy, savers have access to a full set of

state contingent securities. We denote purchases at time t of securities paying o� one unit

of currency at time t+ 1 contingent on the realization of state zt+1 following history zt by

Dt+1 (zt+1, z
t); this security has a time t price Qt (zt+1, z

t):

St+WtNt−T st +
Πt

1− χ
+

∫
zt+1

Qt
(
zt+1, z

t
)
Dt+1

(
zt+1, z

t
)
dzt+1 = Dt

(
zt
)

+PtCs,t+
St+1

Rt
.

1.6 Equilibrium conditions

Demand functions for the home and foreign consumption bundles by savers and borrowers

are given by

Ph,tCi,t = (1− α)PtCi,t, for i = b, s. (2)

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

budget constraint (which di�ers depending on which assets are available, as discussed in

Section 1.5):
1

PtCt,s
= βsRtEt

[
1

Pt+1Ct+1,s

]
. (3)

When borrowers are unconstrained their consumption is characterized by a similar Euler

equation. Market clearing in goods is given by

ANt =

∫
k

(χkck,h,b,t + (1− χk) ck,h,s,t) +Gt , (4)

where ck,h,b,t and ci,h,s,t are consumption of home goods by borrowers and savers from

country k. Finally, market clearing for borrowing requires∫
k

(1− χk)St+1,k =

∫
k

χkBt+1,k +

∫
k

Bgt+1,k , (5)

and (if available) that for stocks
∫
k

(1− χk)ψt+1,k = 1 and for Arrow-Debreu securities∫
k

(1− χk)Dt,k (zt+1, z
t) = 0 for all zt+1.

2 Money Market Union

In this section we study demand shocks under MMU: speci�cally, shocks that come from

private borrowing or �scal policy. Our key theoretical result is that an ideal MMU provides

perfect risk sharing with respect to these shocks. Later we argue that this result is robust to
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several variations of the model structure. Under MMU, the funding cost is the same in all

countries. The k-period discount rate from e savers' perspective is Rt,k ≡ Rt × ..×Rt+k−1,

with the convention Rt,0 = 1. We also de�ne Ỹt ≡ Ph,tNt−Tt as nominal private disposable
income and Ft as nominal exports.

The �rst 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 each country) is

α

(
(1− χ)St − χBt +

∞∑
k=0

Ỹt+k
Rt,k

(zt+k)

)
= (1− χ)St − χBt −Bgt +

∞∑
k=0

Ft+k
Rt,k

(zt+k) (6)

for each path of history z∞.

Proof. See Appendix.

The left hand side is the net present value of all future imports, which is a share α

of private wealth, which itself equals �nancial wealth plus the present value of disposable

income. On the right we have net foreign assets plus the present value of nominal exports

(Ft). The key insight 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 nominal exports are exogenous to a small country.

The result requires an intratemporal unit demand elasticity over home and foreign goods,

but not log intertemporal preferences (which will be necessary for the following results). The

result does not depend on form of the production function, the labor supply condition, �scal

policy or whether prices are sticky or �exible. In an open economy model with unit demand

elasticities and a �xed α, the NPV of exports and country's net wealth fully determine the

NPV of disposable income independently of issues such as productivity, disutility of labor or

level of taxation. Still, such features generally have an impact on macroeconomic quantities

other than the NPV of disposable nominal income.

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

reformulate the savers' problem as a choice of nominal consumption:

maxEt
∑
t≥0 β

t
s log (PtCs,t)

s.t. PtCs,t + St+1

Rt
= St + Ỹ st .

The inter-temporal budget constraint of savers is

∞∑
k=0

Pt+kCs,t+k

Rt,k
(zt+k) = St +

∞∑
k=0

Ỹ st+k
Rt,k

(zt+k), (7)
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where Ỹ st = WtNt − T st + Πt
1−χ is the disposable income of savers. Savers have a claim on

corporate equity and might face di�erent taxes than borrowers who earn Ỹ bt = WtNt − T bt .
To derive our �rst result, we need to make a connection between the disposable income of

savers Ỹ st that enters Equation (7) and the average disposable income Ỹt = (1− χ) Ỹ st +χỸ bt

that enters Equation (6). If taxes are arbitrary, there is of course very little that we can say.

Therefore, we restrict our attention to a class of �scal policies where the following condition

holds:

Condition 1. For each history z∞ , the present value of savers' disposable income is

a function of the present value of average disposable income and does not depend on any

other variable.4

∞∑
k=0

Ỹ st+k
Rt,k

(zt+k) ∼
∞∑
k=0

Ỹt+k
Rt,k

(zt+k).

Condition 1 ensures that the net present value of aggregate income is a su�cient statis-

tic for the net present value of savers' income. Condition 1 imposes some restrictions on

�scal policy, but it holds in many natural settings and in all the applied models that we

have studied.5 The simplest example is uniform �at taxation of all income at rate τt, i.e.,

T bt = τtWtNt + T b,LSt and T st = τt

(
WtNt + Πt

1−χ

)
+ T s,LSt with lump-sum taxes such that∑∞

k=0
T b,LSt

Rt,k
(zt) ∼

∑∞
k=0

T s,LSt

Rt,k
(zt). For example when the lump-sum taxes are zero Ỹ bt =

(1− τt)WtNt and Ỹ
s
t = (1− τt)

(
WtNt + Πt

1−χ

)
= (1− τt)WtNt

(
1 + µ−1

1−χ

)
. Therefore, all

taxes, income and pro�ts are proportional to WtNt. In particular, Ỹt = µ (1− τt)WtNt,

and therefore Ỹ st = 1
µ

(
1 + µ−1

1−χ

)
Ỹt. With constant markups, all disposable incomes are

directly proportional, period-by-period, which is stronger than Condition 1 (we discuss

variable markups brie�y in the next section). With Lemma 1 and Condition 1, we obtain

the following result.

Lemma 2. Under Condition 1 and log-preferences, nominal spending by savers (PtCs,t)

does not react to private credit shocks (B̄t+1), to borrowers' discount rate shocks (βb,t) or to

�scal policy (neither Gt nor Tt). 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:

∞∑
k=0

Ỹt+k
Rt,k

(zt+k) ≡ Ω

(
St, Bt, B

g
t ,

∞∑
k=0

Ft+k
Rt,k

(zt+k)

)
,

4To rule out ill-de�ned cases we require that this function be di�erentiable.
5Note that we assume a general form for wages yet �exible prices. In a model with �xed prices but

�exible wages this condition may be violated due to �uctuations in markups; we brie�y discuss markup
�uctuations in Section 3.
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where the �rst three variables (saving, household debt, public debt) are predetermined at

time t and the last one (exports in euros) is exogenous given a unit demand elasticity.

Therefore under Condition 1, equation (7) is, in fact,

∞∑
k=0

Pt+kCs,t+k

Rt,k
(zt+k) ∼ St + Ωt(z

∞).

In equilibrium with log-preferences, savers' current nominal expenditure (PtCs,t) depends

only on St and Ωt and the path of nominal interest rates. In particular, for given Ωt and

interest rates, it does not depend on contemporaneous or future private credit, borrowers'

discount rate, or �scal policy.

Lemma 2 clari�es the behavior of savers. Let us emphasize again that we are focusing

on nominal variables. The nominal spending of savers reacts neither to credit shocks nor to

�scal shocks. Deleveraging shocks a�ect the savers in two ways. First, if this debt was held

by domestic savers, deleveraging results in repayments of debt. However, the savers can

substitute these repayments by lending more to foreign countries. The fact that this direct

e�ect does not a�ect the net present value of savers income and therefore their spending is

perhaps not surprising. However, deleveraging also lowers the demand of borrowers. Since

currency union wide monetary policy does not react to the idiosyncratic deleveraging shock,

this causes a fall in employment, lowering labor income and pro�ts received by savers.

Intuitively, savers' consumption should therefore fall. But borrowers' demand in future

periods increases by virtue of their reduced debt burden, which increases the savers' future

income. What is surprising is that for any distribution of deleveraging shocks this future

increase in income exactly o�sets the initial fall so that the NPV of savers income does not

change. As a result, patient agents keep their nominal spending constant.

As regards �scal policy, Lemma 2 implies that changes in government spending do not

a�ect the nominal consumption of savers; by extension, if there are no borrowers, the result

implies that changes in government spending have no e�ect on nominal household consump-

tion6. This result is di�erent from Ricardian equivalence and obtains because Cole-Obstfeld

preferences and the SOE assumption imply a nominal �scal consumption multiplier of zero.

This implication can be seen as a version of the Cole and Obstfeld (1991) result and is

discussed further in Lemma 5 in Appendix D. In simple economic terms this is because: i)

the interest rate does not react due to the small country assumption, ii) nominal exports

do not react due to Cole-Obstfeld preferences, i.e. there is (no �leakage�). Appendix G

discusses the robustness of this result to deviations from Cole-Obstfeld preferences. Note

that irrespective of preferences the real �scal consumption multiplier, a statistic studied for

example by Farhi and Werning (2013), is generally not zero.

6We discuss this result further and show impulse response function for this case in Appendix F
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We now state our �rst main result:

Proposition 1. The Money Market Union achieves the Complete Markets allocation subject

to (an arbitrary cross-sectional distribution of) country-speci�c private and public demand

shocks (B̄t+1, βb,t, Gt, Tt) using dynamic cross-country borrowing.

Proof. Under MMU, the interest rate is the same in all countries and is independent of

idiosyncratic shocks to the SOE. The complete markets outcome is characterized by the

Backus-Smith condition, which, with log preferences, takes the form

Cs,t,j

Cs,t
∼ Pt

Pjt
,

for arbitrary foreign country j. Since shocks to an SOE do not a�ect foreign prices or

quantities, it follows that the complete markets condition is also that PtCs,t remains con-

stant. Given Lemma 2 in response to deleveraging shocks coming either from a change in

the borrowers' credit constraints or the discount rate (or both simultaneously), the MMU

replicates the complete markets economy.

Proposition 1 shows that a money market union is su�cient to deal with any cross-

sectional distribution of debt deleveraging and �scal shocks in a currency union. Martin

and Philippon (2017) show that segmented markets, in contrast, can be very ine�cient.

They �nd that spreads go up during episodes of private deleveraging, mostly because of

stress in the banking sector. This leads savers (or �rms under Q-theory) to cut spending

precisely when the economy is in recession, exacerbating the downturn. We quantify the

welfare gains from MMU in the appendix.

Proposition 1 is consistent with the following heuristic partial equilibrium reasoning

about the e�ects of deleveraging. Assume a �xed interest rate R and that during the �rst

period borrowers reduce debt (and therefore consumption) by 1 euro. This reduces GDP by

(1−α)(1−χ) euros in the �rst period but increases it by (1−α)(R− 1)(1−χ) euros in all

the following periods. The total e�ect on the NPV of the country's GDP and income is

−(1− α)χ+
(1− α)(R− 1)χ

R
+

(1− α)(R− 1)χ

R2
+

(1− α)(R− 1)χ

R3
... = 0.

Now a saver can fully smooth this shock, that does not a�ect her permanent income, by

dis-saving in the �rst period. Proposition 1 shows that this reasoning is exactly valid in

general equilibrium assuming a continuum of small countries, Cole-Obstfeld preferences and

that the NPV of savers' income is a function of the NPV of the country's income.

The Proposition is di�erent from previous hedging results in the international macroe-

conomics literature, such as those found by Coeurdacier and Gourinchas (2016) and Coeur-

dacier et al. (2010). They consider two country models with trading in two real bonds as
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well as equity claims and �nd that countries can share risks using static positions in the real

bonds. In contrast, we consider a setting with trading in one nominal bond with a common

interest rate and show that countries can share risks through dynamic cross-country bor-

rowing. Our result also di�ers from the results in Engel and Matsumoto (2009), who show

that agents can hedge risks through a static forward position in foreign exchange.

Figure 1 plots the impulse responses to a domestic deleveraging shock (credit shock)

given the calibration of the model presented in table 4 in the appendix7. Deleveraging a�ects

borrowers' spending and initially creates a recession. Savers smooth this fall in income by

borrowing more from foreign countries. After the �rst period, this deleveraging has a small

positive e�ect on output, wages and pro�ts as borrowers' lower interest expenses boost

demand. This additional income o�sets the lower interest rate income received by savers

who now hold a smaller stock of savings. As implied by Proposition 1, savers' nominal

expenditure does not react to these changes. This is because the negative and positive

income e�ects of deleveraging exactly o�set each other so that the NPV of savers' income

does not change.

Proposition 1: Beyond Cole-Obsteld Similarly to for example Gali and Monacelli

(2008), Heathcote and Perri (2013) and Martin and Philippon (2017) our framework assumes

Cole-Obstfeld preferences. That is, we assume log-preferences and a unit elasticity of substi-

tution between all goods. However, we next explain that Proposition 1 holds approximately

for deleveraging shocks with more general preferences. The appendix provides additional

robustness checks for the results, for example explaining that they hold numerically well in

the case of a two country model.

Di�erent Demand Elasticities To relax the unit elasticity of demand assumption we

now consider the aggregators:

Ci,t =
(

(1− α)
ξ1 (Ch,i,t)

(ξ1−1)/ξ1 + αξ1 (Cf,i,t)
(ξ1−1)/ξ1

)ξ1/(ξ1−1)

, for i = b, s,

Cf,i = (

∫ 1

0

C
(ξ2−1)/ξ2
k,i dk)ξ2/(ξ2−1).

Here ξ1 is the demand elasticity between the home good and the aggregate foreign good.

Moreover, ξ2 is the demand elasticity between di�erent varieties of foreign goods.

We now consider private deleveraging shocks. Figure 2 shows the response in savers'

nominal consumption for four di�erent values of elasticity of substitution between home

and foreign goods ξ1 =∈ {0.5, 1, 2, 1000}. One can see that the results are virtually identical

for these di�erent values. When demand elasticity is high, nominal consumption stays

7Here the model abstracts away from capital so we do not need the capital share and depreciation rate
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Figure 1: Private Deleveraging
Note: Impulse responses to permanent -5% shock to B̄t. ytis nominal GDP.
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Figure 2: Private deleveraging in a money market union for di�erent values of elasticity of
substitution between home and foreign goods
Note: Impulse response to permanent -5% shock to B̄t.

roughly constant because prices and real consumption do not react. When this elasticity

is low, the response in nominal consumption is small because increases in real consumption

are o�set by a lower price of the home good.

We repeat this exercise but now with di�erent values of elasticity of substitution between

di�erent varieties of foreign goods ξ2 ∈ {0.5, 1, 2, 1000} 8 . The results are given in 3 and

look similar to those before.

In some cases we can actually show that the key result of 1 holds up to �rst order for any

values of the demand elasticity parameters ξ1and ξ2. In particular we have the following

lemma:

Lemma 3. Assume the labor supply condition is of the form Wt = h(Nt,P
i
t, χP

iCb,t +

(1− χ)PitCs,t). Now Proposition 1 holds in a �rst order approximation for private delever-

aging shocks (B̄t+1, βb,t) for any demand elasticity parameters ξ1and ξ2

Proof: See Appendix

This generalizes the results in Lemmas 1 and 2. Now the result of Proposition 1 follows

immediately. E�ectively changing the demand elasticity parameters alters the response of

GDP to a deleveraging shock due to price adjustments. However, in a �rst order approxi-

mation the NPV of these price adjustment e�ects is still zero. Therefore Proposition 1 still

holds up to �rst order. Alternatively, Cole-Obstfeld preferences imply a type of linearity in

the demand e�ects induced by deleveraging. This linearity is why the e�ects of deleveraging

8Here the demand elasticity changes in all countries simultaneously
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Figure 3: Private deleveraging in a money market union for di�erent values of elasticity of
substitution between di�erent varieties of foreign goods
Note: Impulse response to permanent -5% shock to B̄t.

net out so that the NPV of savers' income does not change. Such linearity still holds in a

�rst order approximation for any values of demand elasticities.

The appendix studies the robustness of Proposition 1 with respect to �scal shocks. Here

the results can be more sensitive to changes in demand elasticities depending on the form

of household taxes.

CRRA We now consider CRRA preferences over the �nal good

C1−γ
i,t

1− γ
for i = b, s,

Lemma 1 still holds with CRRA preferences as the proof makes no assumption concerning

preferences over the �nal good. But what about Proposition 1? We next argue that it

can also be generalized. Figure4 shows the response of nominal spending to a temporary

deleveraging shock given a CRRA parameter of 2 (EIS = 1
2 ). One can see that a tightening of

the borrowing limit leads to a decrease in nominal spending. This e�ect is numerically small:

a 5% decrease in the borrowing limit leads to a less than 0.07% decrease in savers' nominal

spending. However, complete markets predict that marginal utility rather than nominal

spending should remain constant, which are generally di�erent given the CRRA assumption.

Therefore, the �gure also plots the response of nominal spending under complete markets.

Interestingly the response under complete markets is very similar to that in MMU.

This observation motivates the following lemma:
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Figure 4: Private deleveraging in a money market union and complete markets with a CRRA
parameter of 2 (EIS=0.5).
Note: Impulse response to permanent -5% shock to B̄t.

Lemma 4. Assume the labor supply condition is of the form Wt = h(Nt,P
i
t, χP

iCb,t +

(1− χ)PitCs,t). Now Proposition 1 holds in a �rst order approximation for private demand

shocks (B̄t+1, βb,t) for any CRRA parameter γ

Proof: See Appendix

The logic of this proposition is that an CRRA agent prefers to smooth consumption by

holding marginal utility constant. In a �rst order approximation the price e�ects of demand

shocks add up to zero in NPV terms so that keeping marginal utility constant is a�ordable.

These results hold for arbitrary combinations of demand elasticities and CRRA parameters.

However, when all demand elasticities equal one, Lemma 4 holds also for �scal shocks.

We conclude that the key results of the section hold up to �rst order with general

CRRA preferences and arbitrary demand elasticities. That is, while they hold exactly with

commonly used log-preferences, they also hold approximately in more general models.

3 Capital Market Union

In this section we focus on the bene�ts of a capital market union above an ideal money

market union. We pay special attention to technology shocks in the form of �quality� shocks

to the goods sold by �rms. Formally, we model these shocks as changes to quality parameters

αi (possibly correlated across countries). These shocks alter the relative pro�tability of �rms

in di�erent countries. The money market union will not be able to share this kind of risk, but

the capital market union could, at least in principle. The following proposition characterizes

the types of shocks that can be shared e�ciently in a CMU.
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Proposition 2. Assume borrowers are impatient enough to borrow up to the borrowing

constraint. Using static equity positions and no-cross country borrowing, it is possible to

replicate the complete markets allocation in a capital market union subject to (an arbitrary

cross-sectional distribution) of quality (αt), TFP (At), monetary policy, and various pref-

erence shocks (that can be correlated across countries).

Proof. To highlight that the result does not depend on the assumption of a continuum of

countries we show it in an I country version of the model from which we can see that it

holds also when I →∞.9 The equilibrium conditions for this version of the model are very

similar to those with a continuum of countries. Here the mass of each country is 1
I . We

assume symmetric countries but relax this in the appendix. Given symmetric countries and

log preferences the complete markets condition is PitCs,t,i = PjtCs,t,j . Imposing symmetric

and constant stock positions as well as constant taxes, government spending and borrowing,

and borrowing limits, the savers' budget constraints in countries i and j are

PitCs,t,i =

B̄(1− 1

Rt
) +Wt,iNt,i + ϕ

(µ− 1)Wt,iNt,i
1− χ

+
∑
j 6=i

(1− ϕ)

I − 1

(µ− 1)Wt,jNt,j
1− χ

,

where we used the assumption for the production function and the fact that taxes and trans-

fers cancel assuming no new borrowing by government. Moreover, to simplify expressions in

this case of symmetric countries, but without loss of generality, we here choose a di�erent

normalization of stock supply. Namely, each unit of the home stock entitles a saver to a

dividend of Πt
1−χ . Deducting the conditions for two countries i and j 6= i we obtain

PitCs,t,i −PjtCs,t,j =

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

1− χ

−(µ− 1)
Wt,iNt,i −Wt,jNt,j

1− χ
1− ϕ
I − 1

= (Wt,iNt,i −Wt,jNt,j)

(
1 + ϕ

µ− 1

1− χ
− 1− ϕ
I − 1

µ− 1

1− χ

)
.

Imposing the complete markets condition and ignoring the indeterminacy case (discussed in

the appendix), we need

1 + ϕ
µ− 1

1− χ
− 1− ϕ
I − 1

µ− 1

1− χ
= 0. (8)

From this one can solve

ϕ =
1

I
− I − 1

I

1− χ
µ− 1

. (9)

9In the limit there is a countable in�nity of countries instead of a continuum of countries. However,
the limiting model is e�ectively equivalent to a continuum economy, see Sihvonen (2019) for a discussion.
Moreover, we could prove all the results by imposing a continuum of countries a priori.
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With these stock positions the complete markets condition holds for arbitrary labor income

realizations. The complete markets condition also ensures that the Euler equations for stocks

and borrowing hold. Therefore, the above stock positions and no-cross country borrowing

constitute an equilibrium that replicates the complete markets outcome. In the small open

economy limit I → ∞, a saver should hold − 1−χ
µ−1 home stocks and 1 + 1−χ

µ−1 foreign stocks

split equally.

To e�ciently share quality shocks, savers should underweight home stocks. As explained

in the appendix, various frictions often lead savers to do the opposite and overweight home

stocks. Hence we could de�ne a CMU as the removal of such equity market frictions.

However, if these frictions cannot be removed perfectly, a full CMU might be unattainable.

Here a capital market union with partially segmented equity markets is able to share some

but not all of the risks associated with the shocks.

Note that the proposition holds for various di�erent types of shocks, including quality

shocks, TFP shocks and monetary policy shocks. It also holds for all types of preference

shocks that do not alter the complete markets condition. This includes shocks to the disutil-

ity of labor that typically a�ects the relationship between labor supply and wages. Moreover,

the number of shocks can be higher than the number of assets; this is in contrast to the

usual �nding that obtaining the complete markets outcome requires at least as many assets

as shocks (see e.g. Coeurdacier and Gourinchas (2016)). The exact theoretical result hinges

on log-preferences as well as the assumed form of the production function. However, it does

not require a unit elasticity of substitution or a continuum of countries. 10

The assumption that the borrowers borrow up to the constraint rules out cases in which

a supply shock would indirectly induce leveraging or deleveraging. We relax this assumption

in Proposition 3. Note that as explained by Lemma 5, due to Cole-Obstfeld preferences, TFP

shocks do not a�ect nominal consumption assuming �xed quality parameters αi. However

with stochastic quality parameters, sharing TFP shocks can require diversi�cation in stock

positions.

Figure 5 shows the outcomes of a home quality shock in a money market union, a partial

capital market union (with equal weights on home and foreign stocks), and complete markets

(equivalently, a CMU with optimal weights). With complete markets savers' spending reacts

neither in the home country nor in the foreign countries. Proposition 2 shows that if stock

positions are chosen correctly, the capital market outcome coincides with the complete

markets case. With equal weights on home and foreign stocks, savers' spending in the home

country increases. This increase, however, is smaller than in a money market union without

cross-border equity claims.

10The production function implies a perfect correlation between dividends and labor income. The result
would also hold in a model with a �xed capital stock but not in a model with investment. However, it holds
approximately in a model with investment with realistic investment adjustment costs.
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Figure 5: Quality Shocks in MMU and CMU
Notes: Impulse responses to 10% shock to α. CMU 0.5 has an exogenous weight of 0.5 on the home stock
and a weight of 0.5 on foreign stocks split equally. Complete markets is equivalent to a CMU with optimal
weights, as explained in Proposition 2. MMU is CMU with zero weight on foreign stocks.

Note in an optimal CMU cross-border equity holdings provide full insurance against

supply shocks and savers have no incentives for cross-country borrowing. However, in a

partial CMU savers also borrow more from foreign countries to gain additional smoothing.

Note that our de�nition of a MMU implies perfect home bias in equity, whereas we de�ne

a CMU as featuring optimal cross-border holdings of equity. We have in mind a situation in

which some friction prevents savers from optimally diversifying their equity holdings, and a

capital market union can be thought of as the removal of this friction. We do not explicitly

model such frictions in this paper; for more elaborate micro-foundations of equity home bias

and related discussions see, for example, Coeurdacier and Rey (2012) and Sihvonen (2018).

Simultaneous Supply and Demand Shocks Proposition 1 shows that by using dy-

namic borrowing a MMU is able to share demand shocks. Proposition 2 argues that by

using static equity positions a CMU can share quality shocks. In a �rst-order approxima-

tion these results add up in a fairly straightforward way. In our framework we also obtain

the following exact result:
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Proposition 3. Using static equity positions and dynamic cross-country borrowing it is

possible to replicate the complete markets allocation in a capital market union subject to (an

arbitrary cross-sectional distribution of) (country speci�c) private deleveraging as well as

arbitrary foreign quality, productivity, monetary policy, and various preference shocks.

Proof: See Appendix.

Shocks that Can Be Shared Neither in MMU or CMU We have provided results for

the types of shocks that can be shared perfectly either in MMU or CMU. We have covered

a broad array of shocks including credit, discount rate, taxation, government spending,

quality, productivity, monetary policy and disutility of labor shocks. Are there shocks,

then, for which the CMU does not attain replicate the complete markets outcome? Yes: a

salient example is a redistributive shock such as a mark-up shock that alters the relative

shares of labor and dividend income. In case of such shocks neither a MMU nor a CMU

exactly obtains the complete markets outcome.

What could be done to attain the complete markets outcome in the case of mark-up

shocks? The issue with such shocks is that they tend to redistribute income between bor-

rowers and savers in way the savers cannot hedge using bond or equity positions. However,

this e�ect could be o�set using redistributive �scal transfers11 A detailed analysis of such

�scal policies is beyond the scope of this paper.

On Empirical Tests of Model Predictions Testing the empirical validity of our the-

oretical results about the types of shocks that can be shared e�ciently either in MMU or

CMU is challenging because our results describe counterfactuals. For example, according

to Proposition 1 an idealized MMU, in which risk-free rates are fully equalized, could ef-

�ciently share deleveraging shocks. However, actual deleveraging episodes such as those

observed during the Eurozone crisis tend to be associated with segmentation in risk-free

rates. Perhaps the best way to test this proposition would be to consider a region such

as US that is closer to a money market and banking union type arrangement with smaller

regional di�erences in state level funding costs. If the Eurozone is also able to implement a

well-functioning banking union, future deleveraging periods could also be used for such tests.

However, note that this would require carefully identifying a deleveraging shock. Similarly,

Proposition 2 could be tested using a region with a high level of capital market integration

such as the US. Again, this would require identifying supply shocks.

Giroud and Mueller (2016) show that the pattern of investment and employment across

US locations during the great recession is consistent with what we call a money market

union. Following the terminology of Holmström and Tirole (1997), they show that there is

11Introducing additional �nancial instruments can of course help in attaining the complete market case
with respect to such shocks.
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no local credit crunch but there is some collateral squeeze. Using census data, Giroud and

Mueller (2016) �nd that the employment of manufacturing establishment does not respond

to local house price shocks. This is what our model predicts for traded goods and assuming

that costs of funds are not a�ected by local shocks. Aggregating at the �rm level they �nd

results consistent with money market union (no local credit crunch) together with balance

sheet/cash �ow channels. When �rms with low leverage are hit by local demand shocks

they do not decrease investment. Instead, they increase short and long term debt to smooth

the shocks. This shows that funding costs are equalized in the cross section, or, in the

the terminology of Holmström and Tirole (1997), there are no local credit crunches. This

does not mean, however, that there are no credit constraints: in fact, Giroud and Mueller

(2016) �nd that �rms with high leverage do not smooth these shocks. This is exactly what

we assume in our model, except that we focus on household credit constraints (the model

works in the same way with credit constrained small �rms, as explained in Gourinchas et al.

(2016)).

4 Conclusion

Failures of risk sharing lie at the heart of many economic crises. Such crises are particularly

acute in the context of a currency union in which constituent countries are hit by large,

asymmetric shocks; the Eurozone crisis of 2009-12 stands as a particularly striking example.

This paper presents two main theoretical �ndings. The �rst is that in the case of demand

shocks - for example, private or public deleveraging - an idealized money market union

in which risk-free rates are equalized across constituent members of the currency union

provides the same level of insurance as complete markets. The second �nding illustrates

the limitations of this ideal money market union: in the case of supply shocks, the money

market union does not provide full insurance, but an idealized capital market union, in

which savers frictionlessly choose optimal portfolios, does.
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Appendix

A Proofs

A.1 Proof of Lemma 1

De�ne the k-period ahead discount rate for k ≥ 1 from the savers' perspective:

Rt,k ≡
k∏
i=1

(1 + rt+i−1) .

and the convention Rt,0 = 1.

Let us start from market clearing for the home good (productivity is normalized to 1):

Yt = (1− α) (χPtCb,t + (1− χ)PtCs,t) + Ft + Ph,tGt,

where Yt is nominal GDP. Using the budget constraints of the agents and of the government

we get

αỸt = (1− α)χ

(
Bht+1

1 + rt
−Bht

)
− (1− α) (1− χ)

(
St+1

1 + rt
− St

)
+ Ft +

Bgt+1

1 + rt
−Bgt ,

whereỸt is total disposable income. Summing and rearranging the terms, we get

α

(
Ỹt +

Ỹt+1

Rt,1

)
= (1− α)χ

(
1

Rt,1

Bht+2

1 + rt+1
−Bht

)
− (1− α) (1− χ)

(
−St +

1

Rt,1

St+2

1 + rt+1

)
+ Ft +

Ft+1

Rt,1

+
1

Rt,1

Bgt+2

1 + rt+1
−Bgt .

to write:

α

(
Ỹt +

Ỹt+1

Rt,1
+
Ỹt+2

Rt,2

)
= − (1− α)χ

(
Bht −

1

Rt,2

Bht+3

1 + rt+2

)
+ (1− α) (1− χ)

(
St −

St+3

Rt,3

)
+ Ft +

Ft+1

Rj,t,1
+
Ft+2

Rt,2

−Bgt +
1

Rt,2

Bgt+3

1 + rt+2
.
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Therefore for a generic horizon K

K∑
k=0

αỸt+k
Rt,k

= (1− α)
(
(1− χ)St − χBht

)
−Bgt +

K∑
k=0

Ft+k
Rt,k

− (1− χ) (1− α)
St+K+1

Rt,K+1
+

1

Rt,K

(
(1− α)χBht+K+1

1 + rt+K
+

Bgt+K+1

1 + rt+K

)
.

We take the limit and we impose the No-Ponzi conditions

lim
K→∞

St+K+1

Rt,K+1
(zt+K) = 0

lim
K→∞

1

Rt,K

Bht+K+1

1 + rt+K
(zt+K) = 0

lim
K→∞

1

Rt,K

Bgt+K+1

1 + rt+K
(zt+K) = 0.

The inter-temporal current account condition is

α

∞∑
k=0

Ỹt+k
Rt,k

(zt+k) =

∞∑
k=0

Ft+k
Rt,k

(zt+k)− (1− α)
(
χBht − (1− χ)St

)
−Bgt .

A.2 Proof of Lemma 3

Now the market clearing condition is

Yt = (1− α) (Pit/Pt,i)
ξ1−1

(
χPitCb,t + (1− χ)PitCs,t

)
+ (P 1−ξ2

t,i /µ)F.

Log-linearizing

ŷt = (1− α)
(

(1− χ)(P̂t + Ĉs,t) + χ(P̂t + Ĉb,t)
)

+ a1p̂t.

Here hats denote log-deviations and

a1 = (1− α) (ξ1 − 1)− (ξ1 − 1) (1− α)
2

+ α(1− ξ2).

Using the borrowers' and savers' budget constraints and rearranging

αŷt = (1− α)

(
χ

(
b̂ht+1

R
− b̂ht

)
− (1− χ)

(
ŝht+1

R
− ŝht

))
+ a1p̂t.

The interest rate is constant. Now we haveWt = h(Nt,P
i
t, χP

i
tCb,t+(1− χ)PitCs,t). Using

the price setting condition, this implies Pt,i/µ = h(Yt/Pt,i,P
i
t, χP

iCb,t + (1− χ)PitCs,t).

Using the savers' and borrowers' budget constraints, Pt,i/µ = h(Yt/Pt,i,P
i
t, χ

(
Bt+1

1+rt
−Bt

)
−
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(1− χ)
(
St+1

1+rt
− St

)
). Linearizing we obtain ŷt = a2p̂t+a3

(
χ

(
b̂ht+1

R − b̂ht
)
− (1− χ)

(
ŝht+1

R − ŝht
))

for some a2 and a3. Plugging this back to the market clearing condition implies

p̂t =

(
χ

(
b̂ht+1

R
− b̂ht

)
− (1− χ)

(
ŝht+1

R
− ŝht

))
a4,

where a4 = 1−α−αa3
αa2−a1 . But therefore

αŷt =

(
χ

(
b̂ht+1

R
− b̂ht

)
− (1− χ)

(
ŝht+1

R
− ŝht

))
((1− α) + a1a4) .

Now iterating similarly to before and imposing transversality conditions

α

∞∑
k=0

ŷt+k
Rk

=
(

(1− χ)ŝht − χb̂ht
)

((1− α) + a1a4) .

A.3 Proof of Lemma 4

The Euler equation is

βEt
(
Ct+1

Ct

)−γ
Pt
Pt+1

R = 1.

Ct
−γ

Pt
= βREt

Ct+1
−γ

Pt+1
.

In a �rst order approximation this becomes

mut = Etmut+1

Here mut is log-marginal utility. We can solve

mut = lim
T→∞

Etmut+T .

Hence the agent maintains constant marginal utility following the shock. I next argue that

she keeps it at the pre-shock level. Up to �rst order the present value of consumption is

∞∑
k=0

Ĉt+k + P̂it
Rk

.

Note that as argued in the previous proof

p̂t =

(
χ

(
b̂ht+1

R
− b̂ht

)
− (1− χ)

(
ŝht+1

R
− ŝht

))
a4.
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Hence

∞∑
k=0

p̂t
Rk

= −
(
χb̂ht + (1− χ)ŝht

)
a4.

is predetermined as is
∑∞
k=0

P̂it
Rk

. The condition for constant marginal utility can be linearized

as

−γĈt − P̂it = 0

which implies

Ĉt + P̂it = (1− 1

γ
)P̂it

and

∞∑
k=0

Ĉt+k + P̂it
Rk

= (1− 1

γ
)

∞∑
k=0

P̂it
Rk

.

which is predetermined and hence does not respond to the shock. Hence choosing the old

marginal utility is feasible. Now if some other marginal utility than the previous one were

optimal, it would have been so already so before the shock. Therefore following the shock

marginal utility remains constant which is also the complete markets condition.

A.4 Proof of Proposition 3

We need to �rst extend the argument in Proposition 1 to include static equity positions.

Using manipulations similar to those in the proof of Lemma 1, we can write

Wt,iNt,i(µ− (1− α)(1 + ϕ(µ− 1))) = 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)Γt,i.

Here Γt is the savers' income from foreign stocks. We also assumed away from public

deleveraging and spending shocks. From this we can solve

Wt,iNt,i = a1Ft,i + a2

(
Bt+1,i

Rt
−Bt,i

)
− a3

(
St+1,i

Rt
− St,i

)
+ a4Γt,i,

where

a1 = 1
µ−(1−α)(1+ϕ(µ−1)) , a2 = (1−χ)(1−α)

µ−(1−α)(1+ϕ(µ−1)) ,
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a3 = χ(1−α)
µ−(1−α)(1+ϕ(µ−1)) , a4 = (1−α)(1−χ)

µ−(1−α)(1+ϕ(µ−1)) .

The borrowers' budget constraint is

St +WtNt + ϕ(µ− 1)WNt + Γt = PtCs,t +
St+1

Rt
.

Plugging in the previous result and rearranging we obtain:

PtCs,t = (1 + ϕ(µ− 1))a1Ft,i + (1 + ϕ(µ− 1))a2

(
Bt+1,i

Rt
−Bt,i

)
− (1 + ϕ(µ− 1))a3 + 1)

(
St+1,i

Rt
− St,i

)
+ (1 + ϕ(µ− 1))a4 + 1) Γt,i.

Similarly to the proof of Lemma 1, it now follows that
∑∞
k=0

Pt+kCs,t+k
Rt,k

(zt) is only a function

of St, Bt,
∑ Ft+k

Rt,k
and

∑∞
k=0

Γt+k
Rt,k

that do not react to domestic deleveraging shocks:

∞∑
k=0

Pt+kCs,t+k

Rt,k
(zt+k) = Ω̂

(
St, Bt, B

g
t ,

∞∑
k=0

Ft+k
Rt,k

(zt+k),

∞∑
k=0

Γt+k
Rt,k

(zt+k)

)

This generalizes the argument of Proposition 1 to static equity positions.

The Main Argument Given symmetric borrowing patterns the correct stock positions

perfectly share shocks a�ecting labor income such as quality shocks by the argument in

Proposition 2. These shocks need not be idiosyncratic. Idiosyncratic deleveraging shocks

do not distort symmetry and the savers' consumption expenditure stays constant by the

argument in Proposition 1. 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 markets condition such as shocks to the disutility of

labor. While this proof assumes that home quality stays constant, the Proposition also holds

for unanticipated home quality shocks. Under certain further restrictions on �scal policy,

the proof can be generalized to public deleveraging.
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B Numerical Welfare Gains

In this section, we quantitatively assess the welfare bene�ts of a money market and capital

market union. To do so, we extend the model to include physical capital, an important

feature in assessing the bene�ts of capital market integration because investment lowers

the correlation between dividends and labor income, which reduces the hedging bene�ts of

foreign equity.12 We also specify a monetary policy rule and the relationship between wages

and labor supply.

B.1 Model Structure

Final goods producers As before, competitive �nal goods producers produce the con-

sumption good using a CES technology that aggregates intermediate goods:

Yt =

(∫ 1

0

Y
ε−1
ε

j,t dj

) ε
ε−1

.

Intermediate goods producers Intermediate goods are produced by monopolistically

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

Yj,t = AtN
1−θ
j,t Kθ

j,t.

Where At is an aggregate, country-speci�c productivity shock. Intermediate goods pro-

ducers are owned by shareholders in the home and foreign country and maximize dividend

payo�s to shareholders (dj,t), discounted using the average discount factor (m̄0,,t) of savers

in the two countries

maxEt
∞∑
s=0

m̄t,t+sdj,t+s

The weights for the discount factors are given by the stock positions. For example if home

savers hold most of the equity of home �rms, home �rms put more weight on the discount

factor of home savers. The �rms can transfer the aggregate consumption good into capital

through investment. Dividends are:

dj,t = Pj,tYj,t −WtNj,t −PtIj,t −Ptf(Ij,t).

Where Ij,t, Pj,t, Nj,t and Yj,t are intermediate producer j's investment, price, employment

and output at time t and Wt is the wage rate in the country. Moreover, f(Ij,t) is the

investment adjustment cost. Here we set

12This is because �rms invest in good times, which therefore lowers dividends in booms. This logic is
explained e.g. in Heathcote and Perri (2013).
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f(Ij,t) =
ζ

2

(
It,j
It−1,j

− 1

)2

.

Firm j's capital evolves according to:

Kj,t+1 = (1− δ)Kj,t + Ij,t.

And it faces a downward sloping demand curve from producers of the �nal good:

Yj,t =

(
Pj,t
Ph,t

)−ε
Yt.

Intermediate goods producers set prices �exibly. It follows that they all set the same price,

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+Ptζ

(
Ij,t
Ij,t−1

− 1

)
1

Ij,t−1
= Etm̄t,t+1

[
Pj,t+1ζ

Yj,t+1

Kj,t+1
+ Pt+1ζ

(
Ij,t+1

Ij,t
− 1

)
Ij,t+1

I2
j,t

+ Ψt+1

]

Here

Ψt+1 = (1− δ)Et+1m̄t+1,t+2Pj,t+2ζ
Yj,t+2

Kj,t+2
+ ...

This can be written in recursive form as

Pt+Ptζ

(
Ij,t
Ij,t−1

− 1

)
1

Ij,t−1
= Etm̄t,t+1

[
Pj,t+1η

Yj,t+1

Kj,t+1
+ Pt+1ζ

(
Ij,t+1

Ij,t
− 1

)
Ij,t+1

I2
j,t

+At+1

]
.

Here

At+1 = (1−δ)

[
Pt+1 + Pt+1ζ

(
Ij,t+1

Ij,t
− 1

)
1

Ij,t
− Et+1m̄t+1,t+2Pt+2ζ

(
Ij,t+2

Ij,t+1
− 1

)
Ij,t+2

I2
j,t+1

]
.

The price is a constant markup over marginal cost

Ph,t = µMCt.
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Where the markup over marginal cost MCt is given by µ ≡ ε
ε−1 and MCt = Wt

(1−θ)Yt/Nt .

Monetary policy rule For the small open economy model we assume a constant policy

rate from the perspective of the home country. For the two country version considered later

we assume the central bank sets the interest rate according 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.

Wages and labor supply Following Martin and Philippon (2017), wage dynamics are

determined by a Phillips curve with slope κ

Wt = Wt−1 (1 + κ (Nt −Nss)) ,

where Nss is steady-state employment.

B.2 Numerical Welfare Bene�ts of a Money Market Union

We now use the model with capital to estimate the welfare bene�ts of a money market union.

Under segmented markets, the private costs of funds are not equalized across regions. It is

important to understand that we do not start from any segmented market model. We start

from a model that actually describes the behavior of the Eurozone. 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, and, thus, the private cost of funds is pinned down by the banking

system. Formally, in log-deviations from steady state, we have

rt = rbt

where rbt is the banks' funding cost. We can then consider a small country subject to a

spread shock rbt and a private leverage shock B̄t . We estimate these shocks using data

from the Eurozone as in Martin and Philippon (2017) but otherwise consider the baseline

calibration discussed in the next section. The idea is to model the joint dynamics of spreads

and private debt. Debt is well described by an AR(2) process and spreads by an AR(1)

process. The processes are correlated because negative shocks cause spread to rise and

banks to cut lending. Our calibration uses data from a volatile period, the Eurozone crisis,

so our welfare calculations capture the value of a money market union during periods of
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heightened �nancial risks.13

Table 2 summarizes our quantitative results. Spread di�erences between countries in-

crease consumption volatility and lower welfare. The volatilities in the segmented markets

case are fairly high since the model is calibrated to a volatile period. The money market

union reduces consumption volatility by equalizing interest rates between countries. Table 2

shows the volatilities of (annualized quarterly log changes) real consumption for savers and

borrowers as well as for aggregate consumption. The money market union eliminates almost

all of the consumption volatility of savers. This is consistent with Proposition 1, according

to which the MMU attains the complete markets outcome subject to deleveraging shocks.

It also suggests that the Proposition holds well in the extended model with capital. The

MMU also leads to a substantial reduction in the consumption volatility of borrowers and

a clear decline in the volatility of total consumption. 14

Consumption Volatility Segmented Markets Money Market Union
Savers 6.7% 0.1%

Borrowers 5.1% 1.9%
Total 6.1% 0.5%

Table 2: Consumption volatilities under segmented markets and a money market union, no
supply shocks

Table 3 describes the volatilities when adding supply shocks modeled as quality and

productivity shocks. The estimation of these shocks is described in section. Now the money

market union does not lead to zero volatility for savers but still implies a clear reduction in

all consumption volatilities.

Note that the point that eliminating market segmentation improves welfare is not entirely

obvious. For example Devereux and Sutherland (2011a) and Brunnermeier and Sannikov

(2015) �nd that free bond trading can reduce welfare relative to �nancial autarky. But these

papers do not consider the kind of segmentation witnessed during the Eurozone crisis. The

key feature is that spreads tend to increase during deleveraging episodes when it would be

13The borrowing limit follows the process

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

)
+ 0.04εbi,t

and the spread the process
rbi,t = 0.9rbi,t−1 + 0.003εri,t

and the correlation between the two shocks is

corr
(
εbi,t, ε

r
i,t

)
= −0.3.

The investment adjustment cost is estimated in the next section.
14With log-preferences the welfare bene�ts of these changes are still relatively small. However, we could

increase this welfare gain by raising savers' risk aversion, for example through the use of recursive preferences
((Epstein and Zin, 1989)). An approximate consumption equivalent gain for log preferences is given by the
Lucas formula 0.5V ar(∆cSM ) − 0.5V ar(∆cBU ). However, a convex disutility of labor function raises this
estimate somewhat.
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e�cient for countries to smooth shocks by borrowing. The comparison here is between a

model with a counter-cyclical spread (segmented markets) and a model with no spread in

riskless borrowing rates (a MMU) not between free bond trading and �nancial autarky.15

The �nding that the money market union can clearly lower consumption volatility is con-

sistent with the message of Martin and Philippon (2017) who �nd that segmentation in

funding costs was a major contributor to the Eurozone crisis.

Consumption Volatility Segmented Markets Money Market Union
Savers 7.5% 2.7%

Borrowers 6.3% 3.7%
Total 7.0% 2.9%

Table 3: Consumption volatilities under segmented markets and a money market union,
including supply shocks

Figure 6 plots the response of savers' consumption and �rm investment to a spread shock.

Higher spreads lead to lower nominal consumption. Spreads a�ect business cycles partly

through an investment channel. When funding costs increase, �rms cut investment. This

e�ect is numerically large.

B.3 Numerical Welfare Bene�ts of a Capital Market Union

In this section we argue that the welfare gains of moving from a money market union to a

capital market union can be also be signi�cant. As before we employ the model with capital

but now with two countries. We assume three di�erent kinds of shocks: deleveraging, quality

and productivity shocks.

The bene�ts of CMU depend on the relative importance of these shocks. First, in line

with Proposition 1, deleveraging shocks can be shared well through borrowing and saving

at a constant rate and, therefore, require little equity market diversi�cation. Second, due

to Cole-Obstfeld preferences, TFP shocks do not create large changes in the total value

of output or dividends in each country, consistent with Lemma 5. Sharing such shocks,

therefore, requires fairly little equity market diversi�cation, and consumption volatilities in

each country are generally insensitive to the level of diversi�cation. On the other hand,

using such shocks only tends to lead to a counterfactually low correlation between dividends

and labor income. Moreover, these shocks imply high correlations between the consumption

levels in the two countries, in contrast to the low levels of international risk sharing seen in

the data.

15In any case, �nancial autarky implying a zero trade balance and net wealth is not a realistic policy
option.
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Figure 6: Response of investment to a spread shock in the quantitative model

Calibration Our baseline model for the CMU assumes quality, productivity and delever-

aging shocks. Most of the parameters take standard values (see table 4). However, we cali-

brate the quality and deleveraging shock volatilities and persistences to match consumption

and export data from France obtained from Eurostat. We also match the correlation between

relative dividends and labor income (Home - Foreign values, Corr(WtNt−W ∗t N∗t , dt−d∗t )).
We take the persistence of the productivity shocks from Heathcote and Perri (2013) but

estimate their volatility. Following e.g. Auray and Eyquem (2014) and Heathcote and

Perri (2013) we assume home and foreign shocks are uncorrelated, largely because uncorre-

lated shocks can be used to match the data. These parameter values are given in Table 5.

Moreover, Table 6 compares the key model simulated moments to those seen in the data.

We calibrate the shock processes using a stock position of ϕ = 0.8. That is we start from

a reasonable empirical benchmark with low levels of within union cross-border equity hold-

ings. 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 (2011b). The

optimal home stock position is constant up to second order and given by ϕ = ϕ∗ = 0.08.

We do not model the friction that leads agents to choose a larger-than-optimal home stock

position. As in Tille and van Wincoop (2010), for example, we can think of this friction

as a second-order term that a�ects macroeconomic conditions through its impact on stock

positions. The implied correlation between relative dividends and labor income is roughly
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Parameter Description Value

χ Fraction of impatient 0.5
βs Discount factor of savers 0.995
α Openness to trade 0.25
κ Slope wage Phillips curve 0.1
ε Elasticity domestic intermediates 4
θ Capital share 0.36
δ Depreciation rate 0.015
φY Taylor rule - output gap 0.5
φπ Taylor rule - in�ation 1.5

Table 4: Calibration of baseline parameters

Parameter Value

Quality shock (αt) volatility 3.64%
Quality shock (αt) persistence 0.995

TFP shock (At) persistence (Heathcote and Perri (2013)) 0.91
TFP shock (At) volatility 0.75%

Deleveraging shock (B̄t+1) volatility 0.7%
Deleveraging shock (B̄t+1) persistence 0.90

Investment adjustment cost (ζ) 1.95

Table 5: Rest of the parameters

Statistic Model Data

Volatility of consumption growth 2.0% 2.1%
Volatility of export growth 5.2% 5.0%

Dividend-labor income correlation 0.80 0.77 (Coeurdacier et al. (2010))

Table 6: Key simulated and empirical moments
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0.8, which is close to that for France as well as close to the average number for EU coun-

tries calculated by Coeurdacier et al. (2010). If we match a smaller correlation value, the

welfare bene�t of a CMU is somewhat lower but still signi�cant. The model is solved using

perturbation methods.16

Results We now compare the volatility of (log �rst di�erences in) consumption under the

two di�erent levels of equity market diversi�cation. The results are given in Table 7. Note

that we have slightly modi�ed the de�nition of a money market union to match the empirical

extent of equity home bias instead of assuming perfect home bias. Further, the numbers are

not directly comparable with the previous tables because we use the two country version of

the model to produce Table 7.

Consumption Money Market Union Capital Market Union
Volatility ϕ = 0.8 ϕ = ϕ∗ = 0.08
Savers 1.52% 0.88%

Borrowers 3.46% 2.96%
Total 2.04% 0.85%

Table 7: Consumption volatilities under a money market union and a capital market union

The �rst order e�ect of increasing equity market diversi�cation is a 62% reduction in

savers' consumption volatility. Interestingly, through general equilibrium e�ects, increased

risk sharing by savers also leads to a reduction in the consumption volatility of borrowers,

and therefore a greater reduction in aggregate consumption volatility than would be implied

by a reduction in savers' volatility alone. Table 8 illustrates the positive externalities of a

CMU. Savers do not internalize the gains that accrue to borrowers, so the reduction in

borrowers' consumption volatility amounts to a positive externality. However, there are

also positive externalities for savers. If a single saver lowers her stock position to ϕ = 0.08,

she would face a consumption volatility of 0.94%. That is, roughly 10% of the volatility

reduction gains accruing to savers are not internalized. This is due both to pecuniary and

aggregate demand externalities.

Uninternalized Share of Total
Volatility Reduction Volatility Reduction

Savers 0.06% 10%
Borrowers 0.5% 100%

Table 8: Positive Externalities of a CMU

16To give a well-de�ned portfolio choice problem, it is important to approximate the Euler equations at
least up to 2nd order. Note that all of our theoretical results, except Lemma 3, are exact.
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Sensitivity Analysis The results depend on the types of shocks that we assume. Table 9

shows the results if we estimate the model with deleveraging and productivity shocks only.

Because home equity provides a good hedge to shocks to labor income, stock positions are

mildly biased towards home stocks even absent frictions. More speci�cally, the frictionless

equilibrium stock position is ϕ = 0.6. Overall, consumption volatilities are less sensitive to

equity market diversi�cation in line with Lemma 5. We can see from the table that now

the CMU brings essentially zero bene�ts. The deleveraging shocks can be shared through

borrowing and saving. Moreover, the productivity shocks do not create large di�erences in

the value of output in the two countries. Similar results have been found in the literature

on equity home bias, where it has been shown that equilibrium stock positions can be

biased towards home stocks even absent frictions (e.g. Coeurdacier and Gourinchas (2016),

Heathcote and Perri (2013)). Moreover, here better diversi�cation in stock positions can

even result in a small increase in savers' consumption volatility, reminiscent of the welfare

reversal result of Auray and Eyquem (2014).17However, as mentioned before, the calibration

with quality shocks matches important features of the data that cannot be matched with

productivity shocks alone. Furthermore, as explained below this calibration is better in line

with reduced-form evidence from the US.

Consumption Money Market Union Capital Market Union
Volatility ϕ = ϕ∗ = 0.8 ϕ = ϕ∗ = 0.6
Savers 1.92% 1.94%

Borrowers 3.2% 3.2%
Aggregate 2.2% 2.2%

Table 9: Consumption volatilities under a money market union and a capital market union,
no quality shocks

In unreported simulations we also study how the degree of wage rigidity a�ects these

numerical results. More rigid wages seem to lead to higher consumption volatilities given

any degree of capital market integration. However, changing the stickiness of wages does not

lead to large di�erences in the relative change in consumption volatilities when moving from

a MMU to a CMU. On the other hand, with stickier wages a larger share of this reduction

is due to aggregate demand externalities.

Pareto E�cient Solution Our results highlight the cases in which a MMU or a CMU

can replicate the complete markets outcome for savers. This equilibrium might still not be

17Similar to this alternative calibration, theirs does not match the dividend-labor income correlation.
Unlike ours, their baseline model assumes sticky prices but �exible wages and higher price dispersion results
in lower welfare, and they do not assume Cole-Obstfeld preferences. Their baseline model considers �nancial
autarky, which as mentioned before is not the most natural benchmark when thinking about a currency
union. They also do not consider segmentation in funding costs, which we think is critical for understanding
the Eurozone crisis.
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Pareto e�cient, however, for two reasons. First, it does not attain the complete markets

allocation between borrowers in di�erent countries or between 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 markets allocation is not Pareto e�cient.

Providing an analytical solution for the Pareto e�cient allocation in our setup seems

infeasible. However, using a somewhat simpler model Sihvonen (2018) shows that absent

frictions the equilibrium stock positions tend to be socially optimal even despite aggregate

demand externalities. Numerically this property seems to hold well in our model. In the

baseline model, the frictionless equilibrium stock position is 0.08. Aggregate consumption

volatility is minimized with a stock position of -0.18. However, this volatility is fairly �at

in the region of the socially optimal stock position so that the equilibrium stock position

attains 94% of the total volatility reduction gains. This suggests that the complete mar-

kets/equilibrium stock positions are close to the socially optimal ones in a setting where all

stock market frictions have been removed (a CMU).

We also show numerically that a MMU and a CMU leads to lower consumption volatil-

ities. Moreover, we numerically evaluate the positive externalities of a CMU. Here we �nd

that these externalities are fairly large, at least in terms of consumption volatilities. That

is a substantial part of the gains from moving from an equilibrium given frictions to a

frictionless equilibrium are uninternalized.

B.4 On the Empirical Plausibility of the Estimate of the Bene�ts

of CMU

According to table 7 aggregate consumption volatility in a perfect CMU would be less

than half that in a money market union. As discussed this estimate is sensitive to model

assumptions; for instance, calibrating the model with productivity shocks only lowers the

bene�t of CMU. However, we argue that our relatively large estimated volatility reduction

is consistent with reduced form evidence from the US.

Asdrubali et al. (1996) provides a method for estimating risk sharing gains from regional

capital market integration. They measure this using the regression slope coe�cient

βK =
Cov(∆log(grp)−∆log(ri),∆log(grp))

V ar(∆log(grp))
,

where grp is gross regional product and ri is regional income. Here the di�erence between

the two measures re�ects dividend, interest and rental payments. A coe�cient of one implies
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that such capital market transfers perfectly o�set variation in regional income; when it is zero

there is no such counteracting e�ect. Asdrubali et al. (1996) estimate that between US states

βUSK ≈ 39% with a number close to 50% in the later part of the sample. On the other hand,

Afonso and Furceri (2008) estimate that between Eurozone countries βEURK ≈ 8%. While

these measures are based on somewhat di�erent sample periods, capital market integration in

the US seems to increase the measure by 30-40 percentage points. On the other hand, using

our calibrated model we �nd simulated coe�cients of βBUK ≈ 16% and βCMU
K ≈ 67%. This

implies that moving from a low degree of capital market integration to perfectly integrated

capital markets increases the risk sharing measure by roughly 50 percentage points. This

estimate is not implausibly large given that capital markets between US states are probably

not perfectly integrated. For example Coval and Moskowitz (1999) �nd evidence of state

level home bias in US equity markets.

C A Simple Banking Model

Generally, a natural de�nition of an ideal banking union is that borrowing (and lending)

rates depend only on the risk characteristics of the borrower. In particular the borrowing

rate should not depend on the location of the borrower, after controlling for risk attributes.

E�ectively there is just a single union wide bank market for borrowing and saving and

banks have no incentive to discriminate between customers based on location. Local banking

conditions and the local health of banks do not a�ect the borrowing rates. This implies in

particular that the risk-free rates are equalized across countries. As explained before we call

this feature of an ideal banking union a money market union.

In practice these money market �ows would plausibly be intermediated by banks. How-

ever, we have abstracted away from explicitly modeling banks as this would simply com-

plicate the model without bringing new insights. For illustrative purposes, we now sketch

a simple banking model consistent with our interpretation. Note that this is not the only

model consistent with our interpretation.

Segmented Markets Household saving and borrowing is intermediated by banks. In

each country there is a competitive representative bank. Domestic households can only

transact with this local bank but the bank can also borrow from foreign banks. As in the

main text, we assume all contracts are one period and there is no default18 . For simplicity,

we abstract away from bank equity19 so that

Blt+1,i = Bdt+1,i +Bft+1,i,

18We considered default in a previous version of the paper but removed it because it brought additional
complications yet few additional insights..

19We could think of this as a limit of a model with no bank equity.
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where Blt+1,iis loans to domestic households, B
d
t+1,iis deposits of domestic savers and B

f
t+1,iis

total borrowing from foreign banks (can be negative). Here we could add lending to the

government to the model without altering the key results. The bank's pro�t is given by

Blt+1,i

Rlt,i
−
Bdt+1,i

Rdt,i
−
Bft+1,i

Rft,i
.

Here Rlt,i, R
d
t,iand R

f
t,iare the interest rates for loans, deposits and borrowing from foreign

banks. The bank pro�ts are distributed to households according to some rule. The local

bank faces a (generally multi-dimensional) constraint of the form

Ξ(Blt+1,i, B
d
t+1,i,B

f
t+1,i, Zt,i) ≥ 0,

for some function Ξ, where Zt,i is a set of state variables. The Bf
t+1,i includes the bank's

borrowing from foreign banks but also its portfolio of loans to banks in other countries. This

constraint represents country speci�c lending and borrowing frictions. This constraints

plausibly becomes tighter during a crisis period as captured by the state variable Zt,i.

Moreover, the form of constraint implies that a bank can be particularly constrained to

lending banks in a speci�c country, such as a country with bad economic conditions. This

might capture, in a reduced form way, e�ects similar to bank default risk. The high bank

funding costs would then generally be transmitted to the rates faced by households in that

country.

The problem of the bank is to choose Blt,i, B
d
t,iand Bf

t+1,i to maximize pro�ts subject

to this constraint. This problem then de�nes the rates faced by households in each country

as well as the rates in the bank funding market. However, fully specifying and solving a

model with a continuum of local banks is beyond the scope of this paper. Therefore in

the numerical part we follow Martin and Philippon (2017) and take spreads as exogenous,

matching them to data from the eurozone.

Money Market Union In a MMU there is just one competitive representative bank and

households in each country transact with this bank. The constraint takes the form

Ξ(Blt+1, B
d
t+1, Zt) ≥ 0,

where Blt+1is aggregate loans to domestic households and Bdt+1is aggregate deposits and

Zt is a set of aggregate state variables. Because there is no default and country speci�c

variables a�ecting the constraint, all households face the same interest rates and there are

no country speci�c spreads. This would still hold if we assume a continuum of nonidentical

banks. In a MMU the banks are not constrained to lend to households in a particular

country and have no incentive to discriminate between households in di�erent countries.
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This equalization of interest rates in di�erent countries is the key condition to facili-

tate risk sharing within the currency union. Because of the constraint, the rates faced by

households might still di�er from the policy rate.20 For example borrowers in all countries

might face a slightly higher rate than savers. The e�ect of this would be immaterial to

our results. For example consider the exercise in Figure 1 but now assuming the borrow-

ers face 1% higher rate than the savers. A deleveraging shock of 5% increases the savers'

nominal spending by roughly 0.002%. The e�ect is not generally zero because deleveraging

is not anymore a zero NPV transaction when calculated using the savers' rate. However,

this e�ect is numerically extremely small. Note that our numerical exercise for segmented

markets instead shows that volatile and countercyclical country speci�c spreads can instead

be highly detrimental to welfare.

Hence under a money market union, we can consider a bank problem with no constraint.

By bank pro�t maximization the lending and borrowing rates in each country are now equal

and the bank makes zero pro�ts. Such a banking model is homeomorphic to our model of

a MMU. For the purposes of this paper, in an ideal MMU, banks are largely a veil.

D Productivity and government spending shocks only

Due to Cole-Obstfeld preferences, price adjustments give a natural hedge against produc-

tivity and government spending shocks. This can be formalized in the following lemma that

generalizes the famous Cole and Obstfeld (1991)result to a borrower-saver agent economy

with rigidities. Note also the limitations of the lemma: it considers a setting with only

productivity shocks and government spending shocks. That it does not hold for example

in an environment with both productivity and quality shocks in which case the CMU still

attains the complete markets outcome.

Lemma 5. Cole-Obstfeld 91 Result with Borrowers Consider the baseline model of

the paper but subject to productivity shocks only. The optimal stock positions are indetermi-

nate and the equilibrium always attains the complete markets allocation for both borrowers

and savers (absent any cross-country borrowing). The result holds also when we add idiosyn-

cratic government spending shocks �nanced through (potentially distortionary) taxes absent

government borrowing. This e�ectively implies a nominal �scal consumption multiplier of

zero.

Proof. Similarly to before we perform the proof in an Icountry version of the model.

For any country i

At,iNt,iPt,i = µWt,iNt,i.

20We can justify the e�ect of monetary policy in the standard way of assuming the households can also
hold money but considering the cashless limit of this economy.
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Here Pt,i is the price of the good produced by country i. Conjecture that the model

attains the complete markets outcome for both savers and borrowers. That is for any

countries i and j:

Cs,t,iP
i
t = Cs,t,jP

j
t ,

where P it is the consumer price index in country i and

Cb,t,iP
i
t = Cb,t,jP

j
t .

Now we have,
At,iNt,i
At,jNt,j

=
(1−α)χCs,t,iP

i
t/Pt,i+(1−α)(1−χ)Cb,t,iP

i
t/Pt,i+

α
I−1

∑
k 6=i(χCs,t,kP

k
t /Pt,i+(1−χ)Cb,t,kP

k
t /Pt,i)

(1−α)χCs,t,jP
j
t/Pt,j+(1−α)(1−χ)Cb,t,jP

j
t/Pt,j+

α
I−1

∑
k 6=j(χCs,t,kP

k
t /Pt,j+(1−χ)Cb,t,kPkt /Pt,j)

.

Then applying the complete markets conditions, we obtain
At,iNt,i
At,jNt,j

=
χCs,t,iP

i
t+(1−χ)Cb,t,iP

i
t

χCs,t,iPit+(1−χ)Cb,t,iPit

Pt,j
Pt,i

=
Pt,j
Pt,i

.

Prices and output levels move inverse one-to-one. But this implies

Wt,iNt,i −Wt,jNt,j = 0.

Now one can see that the budget constraints support the complete markets conditions for

both savers and borrowers for any symmetric stock positions. Note that α can be arbitrary

so the result also holds with respect to symmetric quality shocks. However, it does not hold

with respect to arbitrary quality shocks such as shocks that only a�ect some countries.

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 markets allocation. The result holds also in the SOE limit I →∞.

To see that the result holds when adding idiosyncratic government spending shocks

�nanced through current taxes (in the SOE limit) note that in the proof of lemma 1, we

have the line

αỸt = (1− α)χ

(
Bht+1

1 + rt
−Bht

)
− (1− α) (1− χ)

(
St+1

1 + rt
− St

)
+ Ft +

Bgt+1

1 + rt
−Bgt .

Now absent any borrowing this becomes

αỸt = Ft.

In SOE government spending shock does not a�ect Ft and therefore Ỹtdoes not react. For-

eign demand solely determines income. By Condition 1 neither the borrowers' nor the

savers' income reacts. By the budget constraints the nominal consumption levels do not

react either. Because private consumption does not react in any country, the total value of

production in the home country must rise by the value of nominal government spending.
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Therefore the �scal multiplier is one. A similar simpli�ed argument could be used for pro-

ductivity shocks, but the former proof highlights that this �rst result holds also in the �nite

country case.

E Asymmetries

We now generalize the results concerning equity to asymmetric initial stock positions, mark-

ups and shares of savers. The complete markets condition is PitCs,t,i = λi,jP
j
tCs,t,j , where

λi,j is the relative Pareto weight. We �rst show the result in a two country version of the

model and then tackle the I country case. The budget constraints are

B̄ +NtWt − T + ϕ(µ− 1)NtWt + (
1

1− χ
− 1− χ∗

1− χ
ϕ∗)(µ∗ − 1)N∗tW

∗
t = PtCs,t +

B̄

Rt

B̄ +N∗tW
∗
t − T + (

1

1− χ∗
− 1− χ

1− χ∗
ϕ)(µ− 1)NtWt + ϕ∗(µ∗ − 1)N∗tW

∗
t = P∗tC

∗
s,t +

B̄

Rt
,

where starred values refer to the foreign country. Deducting the budget constraints and

imposing the complete markets condition yield

NtWt

(
1 + (µ− 1)(ϕ− 1

1−χ∗ + 1−χ
1−χ∗ϕ)

)
−N∗tW ∗t

(
1 + (µ∗ − 1)(ϕ∗ − 1

1−χ + 1−χ∗
1−χ ϕ

∗)
)

= (λ− 1)P∗tC
∗
s,t.

.

or

NtWt

(
1 + (µ− 1)(ϕ− 1

1−χ∗ + 1−χ
1−χ∗ϕ)− λ−1

1+λµ
)
−N∗tW ∗t

(
1 + (µ∗ − 1)(ϕ∗ − 1

1−χ + 1−χ∗
1−χ ϕ

∗) + λ−1
1+λµ

∗
)

= 0.
.

From this we solve

ϕ =
1

2− χ− χ∗
+
λ− 1

1 + λ

µ

µ− 1

1− χ∗

2− χ− χ∗
− 1

µ− 1

1− χ∗

2− χ− χ∗

and

ϕ∗ =
1

2− χ− χ∗
+
λ− 1

1 + λ

µ∗

µ∗ − 1

1− χ∗

2− χ− χ∗
− 1

µ∗ − 1

1− χ∗

2− χ− χ∗
.

The relative Pareto weight λ depends on initial conditions and can be solved numerically.

ϕ is increasing in λ and ϕ∗ decreasing. The result can be generalized to di�erent tax rates.
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The above derivations generalize Proposition 2. Proposition 3 can be generalized similarly.

With I countries the budget constraints are:

B̄ +Nt,iWt,i +
∑

ϕi,k(µk − 1)Nt,kWt,k = PitCs,t +
B̄

Rt
, i = 1, .., I.

The complete market condition isPitCs,t,i = λi,jP
j
tCs,t,j . Deducting the budget con-

straints and using this condition we obtain:

Nt,iWt,i(1 + ϕi,i(µi − 1))−Nt,jWt,j(1 + ϕi,j(µj − 1))

+
∑
k 6=i,j (ϕi,k-ϕj,k)(µk − 1)Nt,kWt,k = (λij − 1)PitCs,t,i, j 6= i.

Using the fact that value of total consumption equals value of total output as well as the

complete market conditions:

Nt,iWt,i(1 + (ϕi,i − ϕj,i)(µi − 1))−Nt,jWt,j(1 + (ϕi,j-ϕj,j)(µj − 1))

+
∑
k 6=i,j (ϕi,k-ϕj,k)(µk − 1)Nt,kWt,k = (λij − 1)

∑
k µkWt,kNt,k

1+
∑
k 6=j λjk

, j 6= i.

We need to set the multiplier on eachNt,kWt,kto zero, which gives a well-de�ned problem.

For each j we get I restrictions in total. There are I − 1 such equations. Together with the

stock market clearing conditions we have I × I equations and unknowns and can now solve

for the static equity positions replicating the complete market outcome. The result holds

also in the small country limit I →∞.

F Government Spending Shocks: an Example

Note that if there are no borrowers, Proposition 1 implies that the nominal �scal consump-

tion multiplier is zero in a money market union. This holds irrespective of the �nancing

method of the spending increase. To understand that this holds even with distortionary

taxes, consider the following simple example. Now abstract away from borrowers. Assume

a disutility of labor function v(N) = N1+σ

1+σ and that spending increases are �nanced using a

contemporaneous labor tax.

Now �gure 7 shows the impulse responses subject to a government spending increase.21

Nominal spending by households stays constant. Higher government demand for the home

good pushes its price up. Before tax wages increase. The reason why nominal consump-

tion does not react is roughly the following. An increase in government spending implies

higher taxes, which reduces the disposable income of households. However, at the same

time higher government spending increases production improving nominal pro�ts and labor

income. With Cole-Obstfeld preferences these two e�ects exactly o�set each other so that

the disposable income of savers does not react. This implies that nominal consumption also

21We set σ = 3.
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Figure 7: Government Spending Shock, No Borrowers
Note: Impulse responses to a 5% shock to Gt. ytis disposable income.

stays constant. Because disposable income stays constant each period, savings do not react

either.

G Proposition 1: Beyond Small Countries

Consider now the case of deleveraging shocks hitting a large economy. Proposition 1 is ex-

actly correct in a small open economy or with a continuum of countries; with two economies,

foreign demand depends (partly) on domestic demand and, therefore, on domestic delever-

aging. In addition, the central bank reacts by changing the risk free rate.

In spite of these di�erences we �nd that the result of Proposition 1 remains essentially

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 e�ect 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. Proposition 1 is also approximately correct for reasonable values of

the elasticity of substitution other than one.

The second important di�erence is the Taylor rule. Of course, the reaction of the mone-

tary authority has a direct impact on the dynamics of the currency union. But the key point

is that this impact is the same under MMU and under complete markets. Why? Because

savers face the same interest rate in both countries.

Figure 8 depicts the impulse responses to a domestic deleveraging shock (credit shock)

in each of the two regions of the currency union. The responses of all variables except St
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are virtually the same under MMU and under complete markets. Domestic savings St need

to adjust more in the MMU than in the complete markets economy because of the lack of

explicit state contingent contracts.

The aggregate (currency union-wide) response to a deleveraging shock obviously depends

on how monetary policy reacts. Our results show that, irrespective of the central bank's

reaction, the MMU and complete markets economies behave in virtually identical ways after

the deleveraging shock. One might wonder, however, if this result could be over-turned if

the central bank was constrained by the zero lower bound. We �nd that this is not the

case: our result also holds when the ZLB binds. Figure 9 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 an ideal money market union � a union that guarantees that risk-free

rates are equalized across regions � is enough to deal with all domestic demand shocks, both

private and public.

H Proposition 1: Beyond Cole-Obsteld for Fiscal Shocks

Pure government deleveraging, that does not a�ect purchases Gt, works similarly to private

deleveraging and is not sensitive to the demand elasticity parameters. However, government

spending shocks can have a large e�ect on the overall level of taxation not just the timing

of taxes. When government spending increases are �nanced through distortionary taxes,

demand elasticities can have a larger e�ect on how nominal consumption reacts. Figure 10

repeats the exercise of �gure 7 but now with di�erent values of the elasticity of substitution

between home and foreign goods ξ1 ∈ {0.5, 1, 2, 1000}. Note that a demand elasticity of one

(for home and foreign countries) is close to empirically reasonable values (see e.g. Heathcote

and Perri 2013 for a discussion).

Figure 11 performs the exercise in �gure 10 but now with di�erent values of elasticity

of substitution between di�erent varieties of foreign goods ξ2 ∈ {0.5, 1, 2, 1000} 22 . The

results are similar to those before.

The result that government spending shocks do not a�ect nominal consumption is also

sensitive to the assumption that the government purchases only home goods. However, this

sensitivity vanishes as the demand elasticity approaches in�nity.

22Here the demand elasticity changes in all countries simultaneously
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Figure 8: Private Deleveraging in 2-Country Model
Note: Impulse responses to permanent -5% shock to B̄t.
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Figure 9: Private Deleveraging in 2-Country Model with ZLB
Note: Impulse responses to permanent -5% shock to B̄t.
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Figure 10: Government spending shock in a money market union for di�erent values of
elasticity of substitution between home and foreign goods
Note: Impulse response to a 5% shock to Gt.

Figure 11: Government spending shock in a money market union for di�erent values of
elasticity of substitution between di�erent varieties of foreign goods
Note: Impulse response to a 5% shock to Gt.

55


