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Abstract

I develop an open economy portfolio model to study how leveraged investors�wholesale funding a¤ects the

international transmission of shocks. Under binding borrowing limits, there is a link between the international

investment positions of integrated economies as investors diversify the asset side of their balance sheets. Building

on this mechanism, I introduce the liability side, allowing investors sell domestic and foreign bonds and capturing

changes in counterparty risk in a stylized way (i.e., debt-to-asset ratios are speci�c to each borrower and time-

varying). I model and parameterize these ratios, conditional on portfolio choice. I can solve for portfolios taking

advantage of the link between assets and liabilities which is implied by the borrowing constraints. Equilibrium

portfolios feature home funding bias, which is justi�ed by a crucial interaction between the terms of trade and

the tightness of the borrowing constraints. Dynamically, this interaction implies that the source of debt which

is most sensitive to shocks is foreign funding. In fact, any shock creates a wedge between the cost of funding

in di¤erent countries; the value of collateral must adjust accordingly through asset prices. Yet, asset prices are

mainly a¤ected by �nanciers�concern for counterparty risk: impact e¤ects are deep and in line with the terms

of trade e¤ect. Combined, these e¤ects have somehow novel implications for the net foreign asset positions. The

cumulative e¤ects have instead more mixed results on �uctuations.

JEL classi�cation: E21, F32, F34, F41, G15.
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1 Introduction

In this paper, I study how wholesale funding a¤ects the international transmission of shocks. I seek

to understand whether the liability side of investors� balance sheets has an independent role in the

transmission of shocks across countries and how it contributes to the mechanism highlighted by recent

literature. According to this literature, the international transmission mechanism of shocks works

through the asset side of investors�balance sheets. Agents invest across borders in accordance with

the borrowing constraints that they face. As a consequence, the constraints themselves translate into

transmission channels.

Along these lines, I develop a two-country model where leveraged investors can potentially borrow

from both local and foreign �nanciers, who are concerned about counterparty risk. Speci�cally, I build on

the international transmission mechanism under leverage constraints proposed by Devereux and Yetman

(2010) and obtain a framework which is new in two respects. First, the endogenous portfolio choice

is not limited to assets that can be used as collateral; it also involves the international diversi�cation

of funding, under the constraint imposed by that collateral. Second, counterparty risk is evaluated in

a stylized way through the debt-to-asset ratio, which determines how residents of a given country can

borrow for a given amount of pledged collateral. Debt-to-asset move with asset prices, conditional on

portfolio choice.

These two characteristics of cross-border funding derive from as many historical developments. One

is the tendency of a given �nancial institution to borrow from other �nancial intermediaries by means

of standard secured loans. This tendency has been increasing since the 1980s, and - as the �nancial

literature has often observed - under certain cirrcumstances it can create or worsen economic crises.

The other development is the globalization in banking. For example, Goldberg and Cetorelli (2010)

�nd that global banks have progressively modi�ed the international transmission mechanism through

both cross-country transactions and foreign o¢ ces and subsidiaries. My focus here is to capture how

the globalization in banking and the practice of borrowing against collateral interact in international

�nancial markets. Notable examples are the cross-border transactions involving repurchase agreements

(repos) and asset-backed commercial papers (ABCPs).

Therefore, it is natural for me to refer to Devereux and Yetman (2010). Their important work

highlights how the international positions of leveraged investors can generate �nancial accelerator e¤ects

in open economy2. Their two-country, one-good model features investors who purchase both domestic

and foreign claims and who, simultaneously, pledge the resulting portfolio as collateral. The model is

symmetric, so investors act in the same way in both countries. It follows that collateral portfolios in each

country are exposed not only to domestic shocks, but also to foreign shocks. A given idiosyncratic shock

a¤ects both local and foreign portfolios, leverage constraint must tighten and the shock is transmitted

across borders with macroeconomic consequences.

2See also Krugman (2008).
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This one-good framework implies that liabilities can be of one type only. As a consequence, local and

foreign investors sell the same bond and the international integration between markets for debt securities

does not have a clear role. Yet, the observed �ows of interbank deposits between �nancially integrated

countries seem to be substantial. In Figure 1. I aggregate the cross-border assets and liabilities of

various advanced OECD countries. I consider BIS Locational Banking Statistics because I do not focus

on multinational banks and the locational data are recorded using the residency principle3, which is the

same principles used for recording and organizing balance of payments statistics. Using World GDP as

a scaling variable, I compare total external assets (assets vis-à-vis all sector) with external interbank

deposits (liabilities vis-à-vis other banks).

Figure 1. External Positions of Banks Operating in OECD Countries
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Note: The sample of OECD countries considered involves Austria, Australia, Belgium, Canada,

Denmark, Finland, France, Germany, Ireland, Italy, Japan, Luxembourg, Netherlands, Norway,

Portugal, Spain, Sweden, Switzerland, the U.K. and the U.S.

3Note also that the BIS Locational Statistics include all interbank transactions made "on a trust basis" (BIS, 2008; p.

5) and in general collateralized transactions such as repos and the like.
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The main message from Figure 1. is twofold: quantitatively, cross-border interbank deposits are

almost as important as total external assets; the behaviour of the two series is quite similar. Indeed,

the globalization in banking has shaped international �ows especially during the last decade (Goldberg,

2009), although it has abated a bit after the 2007-2009 �nancial crisis. Part of the increase in global

banking is certainly connected with the introduction of the Euro, and it is currently stronger across

Eurozone countries (second panel). But global banking is strong also for non-Eurozone countries (third

panel).

In a concomitant and instructive lecture, Shin (2011) studies these type of cross-border banking

�ows, global funding in particular4. Among other things, he considers a breakdown of banking �ows

by the currency of denomination, emphasizing how the leading role of the dollar has shaped the recent

�ows between, say, a German bank and a U.S. bank. As shown by McGuire and Von Peter (2009), the

role of the dollar motivates a general currency breakdown of international bank funding because it helps

detect maturity and currency mismatches between asset and liability sides of balance sheets (Figure

1-A. in appendix A.3). Clearly, these mismatches start to bite during times of distress in international

markets.

Coherently with this evidence, I introduce cross-border funding as follows. Leveraged investors sell

home bonds to local lenders and foreign bond to foreign lenders, so that borrowing is from two di¤erent

sources. Under binding borrowing limits, the size of this bond portfolio cannot be greater than the

value of the total amount of pledgeable assets (the equity portfolio). Each international investor faces a

unique constraint, which is the reason why the bond portfolio is endogenously chosen. In addition, the

overall portfolio choice problem (involving claims and liabilities) can be simpli�ed, taking advantage of

the fact that the collateral constraint represents the dominant links between the two sides of investors�

balance sheets.

However, the tightness of the collateral constraints is not only governed by investors�wealth (Brun-

nermeier, 2009). Following the �nancial literature, also changes in counterparty risk a¤ect the tightness

of these constraints. This e¤ect is captured in a stylized way by time-varying debt-to-asset ratios. Each

borrower faces a unique debt-to-asset ratio which adjusts in accordance with the price of local and

foreign collateral in her portfolio (indeed, investors pledge an entire equity portfolio). I �rst calibrate

all the parameters that do not directly in�uence the debt-to-asset ratios, using in many cases OECD

data - coherently with the countries used for Figure 1. Next, the parametrization of the debt-to-asset

ratios is the result of an SMM estimation, conditional on the portfolio solution.

Modeled this way, the behaviour of "global funding" can be confronted with the external positions of

countries which are subject to negative shocks. For instance, the recent crisis caused negative valuation

e¤ects for countries such as the U.S., Japan and the Eurozone; not only asset prices mattered, but also

movements in the exchange rate (Gourinchas, Rey and Truempler, 2011). Although my model is real,

4See also Ayar (2011) for a study on how the U.S. shock a¤ected U.K. banks funding.
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local and foreign funding can reproduce similar e¤ects. Indeed, the model suggests that an idiosyncratic

shock cause a decrease in the net foreign asset position of the country hit by the shock, reverting the

predictions of a one-bond-market model and matching U.S. data during the crisis time5. This result is

justi�ed by the following key results.

The terms of trade (or real exchange rate) risk increases with the equilibrium leverage, causing

home funding bias in equilibrium portfolios. This interaction eliminates any possible e¤ect of leverage

on the international diversi�cation of equity holdings. In contrast, absent diversi�cation opportunities in

bonds, a one-good model would feature a link between equilibrium leverage and the equilibrium equity

portfolio. Consequently, this kind of model would predict that, under �nancial integration, the dynamics

of leverage are completely absorbed by the world rate of interest. And the collateral constraints would

have quantity-e¤ects.

Here the conclusion is di¤erent because there are multiple traded bonds. Under �nancial integration,

the terms of trade can open a gap between local and foreign debt. For example, after a negative

macroeconomic shock, the economy hit by the shock experiences a real appreciation, so borrowing from

foreign �nanciers is the most severely impaired source of funding. In turn, the real appreciation a¤ects

the collateral constraints in each countries, so also equity prices react to satisfy general equilibrium.

However, the major e¤ect of wholesale funding on equity prices is represented by how debt-to-asset

ratios themselves adjust following the shock. On impact, this adjustment a¤ects equity prices in a

negative way, but over the longer run the e¤ect can change sign. This is a sort of "market discipline

e¤ect" of haircuts, which I �nd to be generally stabilizing, except for the case in which macroeconomic

shocks are accompanied by some unexplained source of counterparty risk (the type of �nancial shocks

considered herewith).

The structure of this paper is the following. In section 2., I brie�y discuss the literature to which

my work is related. Then, I describe the model (section 3.) and how I calibrate it (section 4.). Section

5. is devoted to the study of equilibrium portfolios, while sections 6. and 7. present the corresponding

model dynamics. In section 8., I conclude. There are an appendix at the bottom of the paper and a

more extensive appendix separate from it.

2 Literature

This paper belongs to the literature on the international transmission of shocks through �nancial link-

ages. I build on the portfolio model with leverage constraints of Devereux and Yetman (2010). Other

papers on the transmission of shocks through constraints on portfolios are Pavlova and Rigobon (2008)

and Dedola and Lombardo (2009). The �rst paper analyzes the role of the terms of trade in shaping

the wealth transfers across countries, but it does not involve �nancial accelerator e¤ects in �nancial

5See Figure 3. below.
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markets. On the other hand, the second paper embeds a �nancial accelerator, but it does not adopt

collateral constraints and it addresses a di¤erent question than mine. Without an endogenous port-

folio choice problem, also Kollmann, Enders and Muller (2011) and Van Wincoop (2011) study the

international transmission of shocks in two-country models. The �rst of these two papers is probably

closer to the work here, as it analyzes the role of global banks that can receive deposits from local

and foreign households. Coherently, banks are modeled as commercial �nancial institutions which are

subject to regulatory capital requirements. In contrast, I consider leveraged institutions that are sub-

ject to market-based constraints. Leveraged �nancial institutions are present also in Van Wincoop�s

recent framework. He quanti�es the transmission under leverage, so some of my results on time-varying

debt-to-asset ratios can be related to his �ndings.

The collateral constraints at work in my model are based on the VaR constraints or total margin

constraints used in �nance. In this sense, my work is related to Gorton and Pennacchi (1995), who

suggest that private guarantees must be risk-sensitive to render marketable otherwise non-marketable

assets. Here, equities are accepted as collateral provided that debt-to-asset ratios adjust to counterparty

risk. However, my main reference on time-varying margins is Brunnermeier and Pedersen�s (2009) study

on market liquidity. Other �nancial papers that in�uece my analysis are Adrian and Shin (2008), who

show how leverage can carefully derived from a binding VaR limit, and Brunnermeier (2009) and Gorton

(2009), who describe the role of margins during the 2007-2009 crisis.

In any case, the borrowing limits that I use have a similar form as the one proposed by Kiyotaki and

Moore (2007). In this sense, my paper is connected with the studies on the e¤ects of credit constraints

on asset prices (Aiyagari and Gertler, 1999), on Sudden Stops in Emerging Economies (Mendoza and

Smith, 2006; Mendoza, 2010) and on real estate prices in monetary frameworks (Iacoviello, 2005).

Finally, I bene�t from the results obtained by the literature on portfolio choice. I solve the portfolio

problem using the method developed by Devereux and Sutherland (2011), and I obtain home bias in

both equity and bond holdings. This is possible in my framework as expenditures are characterized by

home bias, investment is subject to shocks (Coeudarcier, Kollmann and Martin, 2007; 2010) and the

international trade in bonds plays a crucial role (Gourinchas and Coeudarcier, 2009).

3 The Model

Building on Devereux and Yetman (2010), I develop a two-country, two-good, two-agent model with

collateral constraints. The two countries are symmetric, and each of them produces a speci�c good.

The tradable portion of this good is produced by �rms, which hire labor and accumulate capital over

time. The "non-traded" portion of total output is produced (and consumed) in the "backyard" sector.

Population is of unit measure and is composed by n impatient households and 1�n patient households6.
6Examples of �nancial accelerator models where heterogeneous agents discount the future at di¤erent rates are Calstrom

and Fuerst (1997) and Iacoviello (2005).
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Following Adrian and Shin (2009), the impatient households are called "active investors" - thinking of

leveraged institutions such as investment banks, big commercial banks and hedge funds - and the

patient households are called "passive investors" - referring to mutual funds, insurance companies,

pension funds, etc.

Under binding collateral constraints, active investors sell bonds to domestic and foreign passive

investors and use the resources so obtained to take long positions in local and foreign �rms. Figure 2-A.

in the appendix provides a representation of the domestic and international transactions occuring in

the model. First, active investors can choose between domestic and a foreign borrowing. Thus, lenders�

bond holdings follow implicitly to satisfy equilibrium on debt markets. Second, for a given collateral,

total borrowing depends on the debt-to-asset ratio speci�c to each active investor. Debt-to-asset ratios

depend on the price of local and foreign collateral, conditional on the endogenous portfolio choice.

In presenting the model (and in applying it numerically), I shall make comparisons with Devereux

and Yetman�s framework. The reason for doing this is just to understand more easily how the model

below contributes to the crucial transmission mechanism that they formalize. As Figure 3-A. in the

appendix shows, in Devereux and Yetman borrowing is modeled as the issuance of a single bond, under

two di¤erent assumptions: one is the complete segmentation between two domestic markets, the other

is the presence of a common worldwide debt market. This latter case is highlighted in bold as it is the

one I shall refer to.

3.1 Firms

Goods are di¤erentiated across countries. In each country, the port�on of total output which is interna-

tionally traded is the produced by �rms. The objective of these �rms is to maximize the present value

of future pro�ts:

E0

1X
t=0

�S0;t
�
YHt � P It It�1 � wtl

�
; E0

1X
t=0

�S0;t
�
YFt � P �It I�t�1 � w�t l�

�
(1)

where the subscript i = H;F refers to a speci�c good, P It is the price of investment goods, �
S
0;t denotes

the stochastic discount fact of shareholders, wt is the wage rate and l is a �xed amount of labour hours,

under the assumption that all agents work for the same amount of time. Variables carrying a "star"

refer to the foreign country. Similar notation shall be adopted throughtout all the paper.

Normalizing l to 1, production and capital accumulation can be expressed as follows

YHt = At (KHt�1)
� 11�� ; YFt = A�t (KFt�1)

� 11�� (2)

KHt = (1� �)KHt�1 + �tIt�1 ; KFt = (1� �)KFt�1 + �
�
t I
�
t�1 (3)

where At; A�t are exogenous productivity processes, Kit denotes the stock of capital in terms of good i,

� is the capital share, � is the constant rate of depreciation and �t;��t are investment shocks. These
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types of shocks are introduced following Greenwood et al. (1997), Fisher (2006) and, for portfolio

modeling, Coeudarcier et al. (2010)7.

Investment expenditures, It; I�t , are bundles of goods with a bias for the domestic goods:

It �
�


1
�I
I (IHt)

�I�1
�I + (1� I)

1
�I (IFt)

�I�1
�I

� �I
�I�1

; P It =
h
I + (1� I) p

1��I
Ft

i 1
1��I

I�t �
�
(1� I)

1
�I (I�Ht)

�I�1
�I + 

1
�I
I (I�Ft)

�I�1
�I

� �I
�I�1

; P �It =
h
(1� I) + Ip

1��I
Ft

i 1
1��I

(4)

where P It ; P
�I
t are investment de�ators, I > 0:5 is the share of domestic goods in total investment,

and �I is the elasticity of substitution between home and foreign goods. Note that, by assumption, the

home good is the numeraire and all the other prices are expressed in terms of it. It follows that the

home terms of trade (ToT) are 1=pFt. The law of one price (LOP) holds for each individual good, but

due to home bias purchasing power parity (PPP) does not.

Considering production and capital accumulation in the home country as in (2), discounted pro�ts

in (1) are maximized when

P It
�t
= Et�

S
t;t+1

"
�At+1 (KHt)

��1 + (1� �)
P It+1
�t+1

#

In equilibrium, this condition is satis�ed because investment is paid out of retained earnings and share-

holders take the resulting dividends as given:

dHt = �
YHt
KHt�1

� P It
It�1
KHt�1

(5)

The wage rate follows as a residual

wt = (1� �)YHt (6)

Foreign �rms are characterized by an analogous e¢ ciency condition, and foreign factor prices are

similar to those in equations (5)-(6).

3.2 Menu of Financial Instruments

There are four internationally traded assets, involving home and foreign equity claims as well as home

and foreign bonds.

In each country, the local �rms issue claims on productive capital. Only active investors in both

countries can purchase equities, so the superscript S in equation (1) refers to both home active investors,

7Note that here there is no need to specify the nature of the investment shocks. �t;��t do not necessarily represent

shocks to "investment-speci�c" technologies, as the most of the literature - included the papers I refer to - generally

assumes. Justiniano et al. (2009) show that there is a distinction between the "marginal e¢ ciency" e¤ects of investment

and its "investment-speci�c" component. But this debate is outside the scope of the present paper.
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A, and foreign active investors, A�. Consequently, n is the total number of shareholders and the capital

stocks are so de�ned:

KHt = n�Ht ; KFt = n�Ft (7)

where �it = kAit + k
�A
it is the per-capita amount of traded shares.

The home and foreign bonds are issued by the shareholders themselves, as they seek to increase

their �nancial means beyond the internal resources. Therefore, for active investors bonds are liabilities

sold to passive investors in order to borrow their savings. This credit line represents an intra-agents

market for funds, through which passive investors take an indirect (long) position in productive �rms.

I conveniently express all asset prices and returns in terms of the numeraire (the home good). It

follows that qeit is the i-th equity price, dit is the corresponding dividend payment and q
b
it is the price of

good i bond. One unit of bond i bought in t� 1 yields one unit of good i on the following date. So the
rates of return on home and foreign equities and the rates of interest on loans are:

rHt =
qeHt + dHt
qeHt�1

; rFt =
qeF t + dFt
qeF t�1

(8)

RHt =
1

qbHt�1
; RFt =

pFt

qbF t�1
(9)

According to this de�nition, the rate of interest prevailing in each country is riskless only for the residents

of that country.

3.3 Households

Households in each country are divided in active investors and passive investors. Their common objective

is to maximize lifetime utility, which is simply a function of consumption:

E0

1X
t=0

�ht

�
cht
�1��

1� � ; E0

1X
t=0

��ht

�
c�ht
�1��

1� �

where h = A;P depending on the household being an active or a passive investor, 1=� is the in-

tertemporal elasticity of substitution in consumption and �ht is an endogenous discount factor without

internalization. As usual, endogeneous discount factors are useful to eliminate the unit root of open

economy models8; here these discount factors decrease only with the increase of consumption by the

average agent in the household reference group: �ht+1 = �
�
Cht
�
�ht , where �

0 �Cht � < 0 and �h0 = 1.
By assumption, passive investors are patient consumers, while active investors are impatient; that

is:

�
�
CPt
�
> �

�
CAt
�

(10)

8See Schmitt-Grohé and Uribe (2003).
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3.3.1 Consumption Demand Functions

In spite of the heterogeneous rate of time preference, active and passive investors allocate equally their

consumption expenditures between home and foreign goods. Therefore, home and foreign household h�s

consumption expenditures are

cht �
�

1
�

�
chHt
� ��1

� + (1� )
1
�
�
chFt
� ��1

�

� �
��1

; Pt =
h
 + (1� ) p1��F t

i 1
1��

c�ht �
�
(1� )

1
�
�
c�hHt
� ��1

� + 
1
�

�
c�hFt
� ��1

�

� �
��1

; P �t =
h
(1� ) + p1��F t

i 1
1��

(11)

where  > 0:5 because of the home bias assumption, � is the elasticity of substitution between the

two goods and Pt is the CPI prevailing in the home country. Although consumption and investment

bundles are similar, ; � are not necessarily equal to I ; �I , so Pt (P
�
t ) may di¤er from P It (P

�I
t ). The

real exchange rate (RER) is Pt=P �t .

3.3.2 Consumption Smoothing: Active Investors

The assumption that active investors are impatient households is made as they are the only traders

that operate in international markets; thus, in accordance with Kiyotaki and Moore (1997), they cannot

precommit to the full repayment of their debts. Put it another way, active investors have some speci�c

capabilities - in �nancing capital and diversifying risk - and they can always refuse to support �rms9.

In such a case, �rms would be forced to lower their demand for capital and, as a consequence, current

investment and future production.

Since active investors diversify across borders both their capital ownerships and their funding sources,

their budget constraint is

Ptc
A
t � qbHtbAHt � qbF tbAFt + qeHtkAHt + qeF tkAFt = wt � bAHt�1 � pFtbAFt�1

+(qeHt + dHt) k
A
Ht�1 + (q

e
F t + dFt) k

A
Ft�1 (12)

where bAHt and b
A
Ft denote, respectively, home- and foreign-good bondholdings, and k

A
Ht and k

A
Ft are

home and foreign equityholdings. Foreign active investors�budget constraint is as in (12). Note that

bondholdings carry a negative sign. I keep this convention of the model by Devereux and Yetman

(2010), as it makes explicit that active investors take negative (or short) positions in the market for

debt securities.

Since active investors cannot promise to repay their debts (and there are no public guarantees in

this model), loans must be guaranteed by pledging some collateral. As collateral, active investors use

their portfolio of equities. Denoting home and foreign borrowers�debt-to-asset ratios, respectively, as

9See Hart and Moore (1995).
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�t and ��t , I thus specify the borrowing limits are as follows:

qbHtb
A
Ht + q

b
F tb

A
Ft � �t

�
qeHtk

A
Ht + q

e
F tk

A
Ft

�
; qbHtb

�A
Ht + q

b
F tb

�A
Ft � ��t

�
qeHtk

�A
Ht + q

e
F tk

�A
Ft

�
(13)

In words, active investors�total sale of debt securities cannot be greater than a fraction of the total assets

that they simultaneously purchase10. Given the market value of collateral assets, borrowing depends on

the debt-to-asset ratio allowed set by �nanciers. Note that the debt-to-asset ratios are speci�c to the

(residency of the) borrowers and time-varying.

Due to assumption (10) on time preferences, the constraints in (13) will be binding even in the

steady state of the model, and active investors will never accumulate so much as to invalidate their

borrowing limits (Iacoviello, 2005). So the optimality conditions for home country agents are

�
�At � �t

�
qbHt = �

�
cAt
�
Et�

A
t+1 (14)�

�At � �t
�
qbF t = �

�
cAt
�
Et�

A
t+1pFt+1 (15)�

�At � �t�t
�
qeHt = �

�
cAt
�
Et�

A
t+1

�
qeHt+1 + dHt+1

�
(16)�

�At � �t�t
�
qeF t = �

�
cAt
�
Et�

A
t+1

�
qeF t+1 + dFt+1

�
(17)

where �ht =
�
cht
���

=Pt is agent h�s marginal utility of consumption and �t the marginal utility of

borrowing under collateral. Similar conditions are derived for foreign active investors.

It is then easy to see from (14)-(15) that the ratio �t=�
A
t constitutes the main part of the premium

that active investors must pay for their impatience, regardless of the type of bond they sell in order to

borrow.

3.3.3 Consumption Smoothing: Passive Investors

Patient houholds are "passive" investors because they take only indirect positions in domestic investment

and international �nancial markets. Patient investors save goods to �nance active investors� capital

ownership, and in the international capital market active investors sell local equities for foreign equities.

At the same time, active investors give away the local bonds that domestic lenders agree to buy from

foreign borrowers and receives the foreign bonds that foreign lenders agree to buy from home borrowers.

In other words, passive investors do not face any real exchange rate risk, which means that they can

only lend in terms of the domestic good and the cross-border diversi�cation of funding is endogenous

to active investors�choice between home and foreign good loans.

Since only active investors face a choice between domestic and foreign loans, passive investors grant

a loan whose total size depend on the total amount of bonds issued in a given good by home and foreign

borrowers:

BP
Ht � bPHt + b

�P
Ht ; BP

Ft � bPFt + b
�P
Ft

10See Gorton and Pennacchi (1990; 1995).
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Aside from their lending activity, passive investors carry out a residual production process. Running

a "backyard" technology, passive investors absorb a portion of the total stock of capital available in

the economy. Let home and foreign �nanciers�production functions, respectively, be z
�
kPHt�1

��
and

z
�
k�PFt�1

��
, where � < 1. So, while �rms produce at constant returns to scale (equation (2)), passive

investors�production features decreasing returns to scale. And since kPHt; k
�P
Ft are not marketed, passive

investors� capital holdings do not contribute to capital accumulation in the overall economy. Thus,

aggregate capital accumulation is solely given by equation (3). In addition, the productivity z is �xed

by assumption, and the product realized in the backyard sector is a particular case of non-traded good.

By assumption, the output of this sector is totally consumed inside the sector itself, meaning that the

only consumer of this output is the passive investor who produces it.

Summing up, passive investors�budget constraints are

Ptc
P
t + q

e
Ht

�
kPHt � kPHt�1

�
� qbHtBP

Ht = wt + z
�
kPHt�1

�� �BP
Ht�1 (18)

P �t c
�P
t + qeF t

�
k�PFt � k�PFt�1

�
� qbF tBP

Ft = w�t + pFtz
�
k�PFt�1

�� � pFtBP
Ft�1 (19)

Maximizing passive investors lifetime utility under these constraints yields

�Pt q
b
Ht = �

�
cPt
�
Et�

P
t+1 (20)

�Pt q
e
Ht = �

�
cPt
�
Et�

P
t+1

h
qeHt+1 + �z

�
kPHt
���1i

(21)

for the home country, and

��Pt qbF t = �
�
c�Pt
�
Et�

�P
t+1pFt+1 (22)

��Pt qeF t = �
�
c�Pt
�
Et�

�P
t+1

h
qeF t+1 + pFt�z

�
k�PHt

���1i
(23)

for the foreign country.

3.4 Competitive Equilibrium

The clearing conditions on the markets for goods, bonds and equities are, respectively, as follows:

n
�
cAHt + c

�A
Ht

�
+ IHt + I

�
Ht + (1� n)

�
cPHt + c

�P
Ht

�
= YHt + (1� n) z

�
kPHt�1

��
(24)

n
�
cAFt + c

�A
Ft

�
+ IFt + I

�
Ft + (1� n)

�
cPFt + c

�P
Ft

�
= pFt

h
YFt + (1� n) z

�
k�PFt�1

��i
(25)

n
�
bAHt + b

�A
Ht

�
+ (1� n)BP

Ht = 0 ; n
�
bAFt + b

�A
Ft

�
+ (1� n)BP

Ft = 0 (26)

n�Ht + (1� n) kPHt = 1 ; n�Ft + (1� n) k�PFt = 1 (27)

The terms on the left hand side of (24)-(25) are consumption and investment demand functions across

agents and countries: these expenditures are allocated between home and foreign goods as implied by

equations (4) and (12).
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Therefore, for t = 0; :::;1, the competitive equilibrium consists of a vector of allocations (cAH;t, c
A
F;t,

c�AH;t, c
�A
F;t, c

P
H;t, c

P
F;t, c

�P
H;t, c

�P
F;t, IHt, IFt, I

�
Ht, I

�
Ft, b

A
Ht, b

�A
Ht, b

A
Ft, b

�A
Ft , B

P
Ht, B

P
Ft, k

A
Ht,k

�A
Ht, k

P
Ht, k

A
Ft, k

�A
Ft , k

�P
Ft )

and of a vector of prices (Pt, P �t , P
I
t , P

�I
t , pFt, q

e
Ht, q

e
F t, q

b
Ht, q

b
F t, wt, w

�
t , dHt, dFt) such that: a) �rms in

both countries maximize pro�ts; b) active investors in both countries maximize lifetime utility subject

to their budget and collateral constraints; c) passive investors in both countries maximize lifetime utility

subject to their budget constraints; d) all the six markets clear. The full list of equilibrium conditions

can be found in the separate technical appendix.

3.5 Comparing Borrowing Limits and Modeling Debt-to-Asset Ratios

Devereux and Yetman (2010) build a one-good model and specify the credit constraints as leverage

constraints. In this case, home active investors are subject to

bAt � �
�
qeHtk

A
Ht + q

e
F tk

A
Ft

�
(28)

where bAt is expressed in terms of the unique good and � is constant. Under bond market integration,

home active investors�borrowing is thus a given share of the savings granted by all passive investors;

the remaining part goes to foreign borrowers. In fact, in that version of Devereux and Yetman�s model

there is a unique bond market clearing condition, which is

n
�
bAt + b

�A
t

�
+ (1� n)

�
bPt + b

�P
t

�
= 0 (29)

In comparison to Devereux and Yetman, here the cross-border diversi�cation between goods implies

the presence of two sources of funding. With (13) replacing (28), home active investors can issue both

home good bonds, bAHt, and foreign-good bonds, b
A
Ft. Instead of (29), the model can be closed with the

two clearing conditions in equation (26). These two segments of the world market for debt securities are

clearly integrated, but de facto the share of home versus foreign borrowing depends on the �uctuations

of the ToT (and the RER). In fact, both budget constraints and borrowing limits are a¤ected by the

prices of the bonds, qbHt and q
b
F t (equations (12), (13)), and the factor distinguishing passive investors�

Euler conditions for bonds is pFt (equations (20), (22)).

First, the presence of qbHt and q
b
F t in the left hand side of (13) means that international �nancial

integration a¤ects the collateral constraints. One formal manipulation of that equation that shows this

aspect for home borrowers yields

bAHt +RHt+1q
b
F tb

A
Ft � RHt+1

�
�t
�
qeHtk

A
Ht + q

e
F tk

A
Ft

��
(30)

RFt+1q
b
Htb

A
Ht + pFt+1b

A
Ft � RFt+1

�
�t
�
qeHtk

A
Ht + q

e
F tk

A
Ft

��
(31)

The main features of these two equations are: the ToT 1=pFt, its interaction with agents� discount

factors, and the link between loan rates and �t.
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This link is present by construction in models that employ ex post collateral constraints (e.g.,

Kiyotaki and Moore, 1997; Iacoviello, 2005), whereas it is (formally) absent in many models that

employ ex ante collateral constraints (e.g., Aiyagari and Gertler, 1999; Mendoza and Smith, 2006).

The main di¤erence between these two types of models is that, while ex ante constraints restraint

the �ow of interest payments on debt, ex post constraints impose a limit on the amount of borrowing.

Both the leverage constraint (28) and the collateral constraints (13) assume the ex-ante-like form. But a

simple comparison shows that the leverage constraints (28) does not involve any formal relation between

interest rate and debt-to-asset ratio because, by assumption, all investors borrow issuing the same type

of bond on a unique market. On the other hand, in this model the global bond market has both a

domestic and a foreign segment. As a consequence, bond prices di¤er across borders, and there is an

implicit interaction between �t, on one side, and RHt and RFt, on the other (equations (30), (31)).

Second, the liability portfolio can be solved endogenously because, according to (13), each borrower is

subject to a unique constraint that involves both bonds and because the constraint is linear. The model

by Iacoviello and Minetti (2006) represents an alternative approach, where the choice between cross-

border funding is somewhat exogenous. In that model, each borrower faces two collateral constraints

and foreign lenders pay higher costs than local lenders to seize collateral in case of default. Thus, the

constraint is non-linear, and home and foreign borrowing depend on the share of the collateral pledged

to home and foreign lenders.

Finally, debt-to-asset ratios are not constant as in (13) but time-varying. As shown in appendix A.1,

the collateral constraints in (13) imply the margin (or haircut) constraints used in the �nance literature,

which has recently shown that debt margins are set on the basis of a time-dependent distribution of

losses. By detinition, these margins equal the di¤erence between the market value of the pledge collateral

and the size of the loan and are generally speci�c to a given collateral asset. Moreover, they can be

seen as a comprehensive measure of counterparty risk in collateralized borrowing, as haircuts capture

both borrowers�creditworthiness and the risk of the collateral asset (Gorton, 2009).

I thus model the debt-to-asset ratios incorporating these results from the �nance literature in my

framework. Following Brunnermeier and Pedersen (2009), I de�ne debt-to-asset ratios speci�c to home

and foreign colleteral as

�it = f

�
qeit
qeit�1

�
with i = H;F ; f 0 (�) > 0 (32)

When collateral constraints bind, lenders adjust their savings supply accordingly with the change in

equity prices (see appendix A.1). Assume, for example, there is an idiosyncratic increase in the market

value of home equities. Other things being equal, home collateral is more valuable than before the

shock, so �Ht must rise re�ecting the increased willingness of �nancier to lend against home equities.

But equation (13) does not capture this sort of events, because loan contracts impose a unique debt-to-

asset ratio on home borrowers; this ratio depends on the total value of their portfolios rather than the

single elements composing it. So what matters here for the behaviour of �t is the endogenous portfolio
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choice (as opposed to other factors that more explcitly a¤ect agents�creditworthiness). Formally:

�t =
qeHtk

A
Ht

qeHtk
A
Ht + q

e
F tk

A
Ft

�Ht +
qeF tk

A
Ft

qeHtk
A
Ht + q

e
F tk

A
Ft

�Ft (33)

where qeHtk
A
Ht=

�
qeHtk

A
Ht + q

e
F tk

A
Ft

�
and qeF tk

A
Ft=

�
qeHtk

A
Ht + q

e
F tk

A
Ft

�
are portfolio shares of home and for-

eign equities, respectively. Then, using (32) I obtain a linear debt-to-asset setting equation, which is

empirically applicable:

�t =  
qeHt
qeHt�1

+  �
qeF t
qeF t�1

+
�m

��
��t (34)

where, for some function g [�],  = g
�
qeHtk

A
Ht=

�
qeHtk

A
Ht + q

e
F tk

A
Ft

��
,  � = g

�
qeF tk

A
Ft=

�
qeHtk

A
Ht + q

e
F tk

A
Ft

��
,

�m=�� is a scaling factor11 (with �m = 1��� being th margin) and ��t is an exogenous innovation to �t. Since
the model at hand is a symmetric framework, under portfolio choice also ��t is symmetrically de�ned

12.

In other words,  ; � govern the �uctuations of debt-to-asset ratios symmetrically across countries.

To solve for portfolios endogenously in presence of (31) and its foreign counterpart, I estimate  by

simulated method of moments (SMM), with  being conditional on the portfolios endogenously chosen

and  � deduced at the end. This estimation approach is explained below.

The scaling factor equals the inverse of borrowers�debt-to-wealth ratio in the steady state. Intu-

itively, inspired by Adrian and Shin (2008), I introduce it to capture borrowers�initial leverage when

an exogenous shock spurs the reaction of model variables. Technically, �m=�� transforms the size of ��t
in such a way that a unit shock to �t gives rise to a unit shock to haircuts.

4 Calibration

Since the stylized margin setting behaviour depends on the value of equities through parameters that

are estimated in a structural way, this section keeps my approach to parametrize it separately from the

calibration of the other coe¢ cients.

4.1 Parameters Not Governing Borrowers�Margins

The calibration of parameters other that the debt-to-asset ratio is based on previous studies as well

as on data. I borrow the behavioural parameters from previous studies. I use U.K. and U.S. data to

calibrate the borrowing costs, because these two countries are the major international �nancial centres.

Finally, I derive the parameters governing the exogenous states from a sample of OECD countries. This

11Variables surmounted by a "bar" denote steady state values.
12Foreign active investors�debt-to-asset ratio is

��t =  �
qeHt
qeHt�1

+  
qeFt
qeFt�1

+
�m

��
���t

15



sample is formed by the G10 countries, Australia and Switzerland13; thus, the sample involves a quite

large range of advanced economies, largely matching the countries which are considered in Figure 1 on

cross border banking. In any case, I simply use yearly data, and coherently all the model is calibrated

in years.

Table 1. Parameters Not Governing Borrowers�Margins

Parameter Description Value based on ...

... previous studies

n number of constrained investors 0.5

� discount factor parameter 0.022

 share of home goods in consumption 0.72

� elasticity of substitution in consumption 0.85

I share of home goods in investment 0.75

�I elasticity of substitution in investment 0.9

� CRRA 2

� capital share in income 0.4

z �xed productivity in backyard production 1

� degree of homogeneity in backyard sector 0.1

... UK and US data

R gross rate of interest 1.0418

��=
h
�
�
�cA
�
��
A
i

guarantee premium 0.001134

... OECD data

�A TFP shock: persistence 0.81

�� investment shock: persistence 0.85

�A TFP shock: volatility 0.015

�� investment shock: volatility 0.017

� ("At; "A�t) TFP shocks: cross-country correlation 0.45

� ("�t; "��t) investment shocks: cross-country correlation 0.26

Starting with the behavioural parameters, I follow Devereux and Yetman (2010) for those parameters

that are present also in their model. This is the case of the speci�cation for the households�discount

factor, which is �
�
cht
�
= �h

�
1 + cht

���
with h = A;P , and of the values for n, �, �, z and �. In

contrast, parameters such as , �, I , �I are not present in their model. The values chosen for  and �

13The countries in the sample are Australia, Belgium, Canada, France, Germany, Italy, Japan, Netherlands, Sweden,

Switzerland, the U.K. and the U.S.
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are from Corsetti, Dedola and Leduc (2008), who consider OECD countries and show that the elasticity

of substitution between traded goods � is below 1 (i.e., 0.85). I calibrate I ; �I similarly, but I set them

slightly above ; �. In this way, in the steady-state of the model �P di¤ers from �P I , which is useful for

calibrating the investment shocks described below.

The borrowing costs are based on the 3-month U.K. and U.S. LIBORs in the period from December

31, 1998 to September 16, 2009 and on the 3-month overnight interest swap rate (OIS) recently observed

in the U.S. market. I calibrate the (gross) interest rate converting the LIBOR data on a yearly basis

and averaging across both dates and markets. As a result, in the steady state �R = 1=�
�
�cP
�
= 1:0418,

where the second equality is from (20) and (22). On the other hand, since the collateral constraints

bind even in the steady state, the active investor must pay an extra-cost. Given (14)-(15) and their

foreign counterparts, worldwide equilibrium requires that

1

� (�cA)
� ��

� (�cA) ��
A
= �R

�
=

1

� (�cP )

�

which means that ��=�
�
�cA
�
��
A is the loan premium paid by the active investor (de�ned as guarantee

premium, see section 6). I calibrate this premium using the 3-month LIB-OIS spread, which is considered

to be a good metric for the state of the U.S. interbank market (Gorton and Metrick, 2009b). To avoid

the e¤ect of the recent �nancial crisis on this spread, I consider observations from January 2004 and

August 2007 and �nd that the average spread for this period equals 11.34 basis points14.

The parameters governing the exogenous state variables are calibrated using the OECD data (years

1970-2010). In the model, there are three forcing variables, but one of them is the shock to the debt-

to-value ratio. Leaving this for the next section, the remaining forcing variables are the productivity

shock and the investment shock, which are speci�ed as follows:

lnAt = �A lnAt�1 + "At with "At � N
�
0; �2A

�
ln �t = �� ln �t�1 + "�t with "�t � N

�
0; �2�

�
My general assumption is that shocks of the same nature can be correlated across countries, while shocks

of di¤erent nature are uncorrelated between them. So for instance, � ("At; "�t) = 0 but � ("At; "A�t) 6= 0.
For the productivity shock, I derive Solow Residuals. I build these residuals using data on GDP,

employment and capital. For the investment shock, I follow Fisher (2006) and use the ratio Pt=P It ,

which is empirically equal to the ratio between CPI and investment de�ator15. In performing all these

calculations, I prefer to omit Germany due to missing observations; in the case of Solow Residuals, I

leave out Switzerland as well. With this adjustment, I obtain persistence, volatility and cross-country

14During the crisis, the same spread reached levels even higher than 1 to 2 percentage points.
15As investment de�ator, I take the gross total �xed capital formation de�ator.
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correlations for both shocks, as reported in the last part of Table 116. The computation of these values

is standard. For each country, I �t an AR(1) process on logarithmic and linearly detrended variables. I

then obtain cross-country correlations and cross-country averages.

4.2 Parameters Governing Borrowers�Margins

To parametrize the debt-to-asset ratios setting equations (equation (34) and its foreign counterpart),

I use OECD data once again. The countries in the sample are the same as those used for the other

parameters. The parametrization of equation (34) involves the steady state ratio, ��, the parameters

 ; � that govern the dynamics and the speci�cation for the shock ��t. In the steady state �� =  + �, so I

adopt a mixed approach: �� is computed using observed statistics on �nancial institutions,  is estimated

upon an assumed speci�cation for ��t and, �nally,  � is computed as a residual. The justi�cation for

this approach is that I treat the debt-to-asset ratio as an unobservable variable. Data on the value of

this ratio in the international interbank market are scarce, although there has been some attempts to

proxy it (Brunnermeier and Pedersen, 2009; Gorton and Metrick, 2009a,b).

Table 2. Calibrating ��

Chosen Strategy: OECD Data on Lenders

Passive investors
Share of Equities in Tot. Assets

�qe�kP =(�qe�kP��qb �BP )
Corresponding

Debt-to-Asset Ratio

Investment funds 0.49 -

Insurance corporations and pension funds 0.42 -

Model 0.45 0.31

Alternative Strategy: US Data on Borrowers

Debt-to-Asset Ratio

Active investors Total Assets
(vis-à-vis all sectors)

Total Assets
(No household/public sec.)

Shadow banks1 0.351 0.293

Commercial banks - 0.224

Commercial banks (no mutual funds shares) - 0.221

Source: Institutional Investor Statistics, OECD database; Flow of Funds Accounts of the

U.S., Federal Reserve Statistics.
1 Shadow banks are �nance companies, funding corporations, issuers of ABCP and security

broker-dealers.

16The cross-country correlation between Solow Residuals might seem very high, yet it is what I obtain when I extend

my sample. Early results based only on Canada, Japan, the U.K. and the U.S. showed a much smaller correlation. I can

thus conclude that the high value obtained with the second sample is due to the inclusion of the European countries.
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The steady state debt-to-asset ratio �� is determined matching the share of equities in total assets

of the institutional investors operating in the OECD countries of my sample. In fact, the level of

leverage achieved by cross-border �nancial intermediaries must be consistent with both the liability side

of their balance sheets and the asset side of their lenders�balance sheets. Interpreting �nanciers as

passive investors (Adrian and Shin, 2009), I use the OECD statistics on institutional investors. The two

categories I take into account are "investment funds, consolidated" (i.e., mutual funds) and "insurance

corporations and pension funds, consolidated". Considering data from 1999 to 200617, I thus match the

ratio �qe�kP =
�
�qe�kP � �qb �BP

�
with the empirical share of equities in total assets. As shown in Table 2,

averaging across countries and time, I obtain a ratio of 0.49 for the investment funds and one of 0.42 for

the insurance companies and pension funds. So I set �qe�kP =
�
�qe�kP � �qb �BP

�
= 0:45, rendering �� = 0:31;

that is, a steady state leverage of 1.45.

�� = 0:31 might seem a bit low debt-to-asset ratio, and a caveat of my computation is that I am

implicitly assuming that all the assets that institutional investors do not hold in the form of equities are

lent to leveraged investors in the interbank market. However, the frequency of the data is quite low and

my calibration is fairly in line with the evidence on the (liabilities of the) U.S. shadow banking system.

First, I am considering average �gures computed on yearly observations. Hence, my computation

amounts to asking how many funds active investors can on average obtain against their own assets

within an entire year. In contrast, the frequency of the typical collateralized loan granted on the

interbank market (e.g., the overnight deposit) is much higher, so it is clear that such a loan features a

much higher debt-to-asset ratios. Second, as the second panel of Table 2 shows, Federal Flow of Funds

data on American shadow banks imply a similar value for �� which is about the same as the one derived

from the OECD data. In fact, shadow banks are leveraged �nancial institutions, which correspond to

the active investors in the model. Over a comparable period of time, I �nd that, for these banks, ��

is between 0.35 and 0.2918. The latter ratio refers to the case where household and public sectors are

eliminated from the credit market borrowing of banks (second column). This case is consistent with my

focus on wholesale funding.

Knowing ��,  and  � are estimated by SMM, which is a suitable procedure to use when a variable

- or a proxy for it - is not available in observed datasets (Du¢ e and Singleton, 1993). Actually, since

 � = �� �  , the estimation requires the identi�cation of just one parameter, which turns out to be

 (see Figure 1. in the separate technical appendix). Because (34) is derived in accordance with the

�nance literature on VaR constraints. In this case, the volatility of the returns on the collateral asset

follow a GARCH process, so under binding VaR constraints also the implied debt-to-asset ratios display

GARCH-like movements. I proceed in two steps. First, I proxy the shock ��t with the (log-)return

17 Including the observations for 2007 might a¤ect the computation of a steady state parameter through the e¤ects of the

crisis (i.e., �nanciers hoarding behaviour), so I remove that observation. However, the averages over the period 1999-2007

are almost identical to those reported in Table 2.
18 I de�ne the shadow banking sector as indicated at the bottom of Table 2.
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on equities and assume, for simplicity, that it follows a standard macroeconomic speci�cation. Second,

since such a speci�cation amounts to an approximation of the �nancial approach, I choose some of my

moments to control for e¤ects that the locally approximated solution used here cannot reproduce (the

solution method is in the next section).

My assumption for ��t is simply that it is akin to the other shocks in the model:

��t = �{��t�1 + "�t with "�t � N
�
0; �2�

�
(35)

The set of empirical moments that I match is made of the following four moments: 1) the consumption-

output correlation; 2) the correlation between the stock price and output; 3) the skewness of equity

returns; 4) the kurtosis of equity returns. The kurtosis and skewness of equity returns are the moments

chosen to control for GARCH-like e¤ects. An additional justi�cational for this choice is that kurtosis and

skewness increase the performance of SMM methods for models with RE pricing equations (Michaelideas

and Ng, 2000). In accordance with the selected moments, from the OECD database I extract data on

output, consumption and the stock market index19. In terms of the model, output is a proxy for

YHt, consumption is coherently the total consumption of traded goods produced in the home country

(ct = n
�
cAHt+c

A
Ft

�
+(1� n)

�
cPHt+c

P
Ft�z

�
kPHt�1

���
) and the stock market index is qeHt. The range of

the observations that I use is 1975-2010; this means that T = 35 as the empirical returns on equities

are ln rt = ln qet � ln qet�1. Table 3. reports the results obtained �tting equation (35) with ln rt proxying
for ��t and estimating  by SMM on the basis of ��, ��, � ("�t; "��t) so obtained - plus clearly all the

above calibration.

Table 3. Calibration for Equation (34) and it Foreign Counterpart

Estimate
s.e.

Criterion
function

p-value
OIR test Moments to match

� (ct; Y Ht) � (qeHt; Y Ht) Skew (rHt) Kurt (rHt)

data: T = 35 - - - 0.9241 0.7152 -0.7260 2.6880

SMM: N = 10 0:1233���
0:0020

0.1513 0.1204 0.6792 0.6236 0.0050 2.7683

SMM: N = 20 0:1215���
0:0049

0.1499 0.1381 0.7229 0.6783 -0.0556 2.7433

SMM: N = 30 0:1260���
0:0034

0.1488 0.1458 0.7021 0.6676 -0.0733 2.5614

Final Parametrization

 = 0:126 ��= 0:37 ��= 0:03 � ("�t; "
�
�t)= 0:64

��� indicates a con�dence level p < 0:001.

19Speci�cally, the empirical time-series I consider are: GDP at current market prices, private �nal consumption expen-

ditures and "share prices, index". As before, to account for missing values, I shrink my sample eliminating Germany and,

additionally, Belgium.
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The parameters concerning ��t show that shocks to debt-to-value ratio are less persistent than the

other macroeconomic shocks, but their second moments are much higher. One would in fact expect

�nanciers to react strongly to exogenous shocks to borrowers�counterparty risk (a sort of uncertainty

on true ability of borrowers to repay) and, simultaneously, to revise quickly their expectations. On the

other hand, 0.64 is quite high for � ("�t; "��t), but it is a consequence of the high cross-country correlation

between stock market returns - and, thus, the variable chosen as a proxy for ��t.

The SMM estimation is run using three di¤erent lengths for the time-series generated by the model,

which is Ts = NT . Setting N equal to 10, 20 and 30, I simulate time-series of 350, 700 and 1050 data-

points. In order to control for small sample bias, I repeat the simulation N times instead of extracting

a unique simulated sample of NT observations. All the other details on the SMM procedure e¤ectively

used can be found in a separate technical appendix.

As Table 3. shows, the estimated value for  is between 0.12 and 0.13 for any Ts. However, since

the asymptotic properties of the estimator improve as N ! 1, I take  = 0:126 (the value obtained
with N = 30) as my most reliable estimation. It follows that  � = 0:185. The last four columns of

Table 3 show how good this estimation is in terms of matching empirical and theoretical moments.

Given the fact that the model does not contain many of the features of RBC models, some predictive

weakness of the model has to be expected. For instance, � (ctYHt) is roughly 0.2 higher in the data

than in the model, but the model does not allow for habits in consumption, labor in output and utility,

and so on. The correlation between the price of equities and output is almost perfectly matched, and

so is remarkably the matching of the kurtosis20. In contrast, the model �nds di¢ culties to match the

empirical skewness of equity returns, although the sign is correct as N !1 (i.e., for N = 20; 30). One

explanation for this weakness of the model is that I am using local solution methods for macro-models,

so a negative skewness of 0.7 is (in absolute terms) too high.

Nevertheless, this weakness is not so large to impair the estimation. Since I match four moments

to estimate just one parameters, there are three overidenti�cation restrictions (OIR) to test. And, at

5 percent signi�cance, this test cannot reject the hypothesis that the three extra-moments are valid to

identify  .

5 Portfolio Choice and Solution

5.1 Choice Problem with a Collateralized Liability Portfolio

The heterogeneity between agents and the structure of international �nancial markets are such that

only active investors face a portfolio choice problem, which involves both equities and bonds21. From

20The return data used here turn out to be slightly platykurtic, which is probably due to the fact that they are computed

from yearly observations on stock prices. Fatter tails show up at higher frequencies.
21See Figure 1-A. in appendix A.3.
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this viewpoint, bonds are seen as �nancial instruments sold to passive investors in order to diversify

borrowing across borders. In this section, I analyze this choice between home and foreign liabilities,

showing how the international portfolio problem can be set up under binding collateral constraints.

Given the consumption Euler equations (14)-(17), home agents� choice problem is solved by the

following portfolio Euler equations:

Et�
A
t+1 (RHt+1 �RFt+1) = 0 (36)

Et�
A
t+1 (rHt+1 � rFt+1) = 0 (37)

Foreign active investors face an equivalent portfolio problem. Note that the portfolio selection equations

abstract from any sorts of comparisons between bond and equity claims. This is a speci�c feature of

chosing home and foreign liabilities under binding collateral, as explained in Remarks 1 and 2 below.

Adopting the solution method developed by Devereux and Sutherland (2011), the equilibrium port-

folios satisfying are computed taking a second order approximation of the portfolio Euler equations

across countries and writing the model in such a way that it shows the e¤ect of portfolios on investors�

budget constraints. Only the budget constraint of home active investors is taken into account.

Writing in compact form and using the de�nition of �At , the (cross-border) portfolio Euler is�
Et
�
cAt+1

��� 1

�t+1
� Et

�
c�At+1

��� 1

��t+1

�"
Rxt+1

rxt+1

#
= 0 (38)

where �t = Pt=Pt�1 (�t = P �t =P
�
t�1), Rxt = RHt � RFt is the "interest rate di¤erential" and rxt =

rHt � rFt is the excess returns on home versus foreign equities. Rxt a¤ects the bond portfolio, !bt =

qbHt
�
bAHt �BA

Ht

�
(with BA

it = bAit + b�Ait , i = H;F ), while rxt in�uences the equity portfolio, !et =

qeHt
�
kAHt � �Ht

�
. These portfolios show up in home agents�budget constraint, which takes the following

form:

Ptc
A
t +NFE

A
t �NFBA

t = wt � qeHt
�
�Ht � �Ht�1

�
+ dHt�Ht�1 + q

b
HtB

A
Ht �BA

Ht�1

+rxt!
e
t�1 �Rxt!bt�1 + rFtNFEAt�1 �RFNFBA

t�1 (12�)

where NFEAt = qeF tk
A
Ft � qeHt

�
�Ht � kAHt

�
is the net foreign equity position and NFBA

t = qbF tb
A
Ft �

qbHt
�
BA
Ht � bAHt

�
is the net foreign bond position. Following Devereux and Yetman (2010), !jt�1 <

0 means that home active investors hold less than 100 percent of the domestic per-capita stock of

instrument j, with j = e; b. Equation (12�) shows simply that the dynamics of NFEt net of NFBt
depend on capital and non-capital income (net of consumption expenditures). Capital income has

various components. To start with, capital income is bigger, the bigger the di¤erence between the

returns earned on the foreign equities from t � 1 and the interests paid on foreign liabilities (last two
terms). Other sources of income are dividend payments, dHt�AHt�1, and the excess returns of home

versus foreign equities, rxt!et�1, while interest payments to local �nanciers, B
A
Ht�1, and the excess cost
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of home versus foreign funds, Rxt!bt�1 have the opposite e¤ect of reducing wealth. Finally, new resources

come from the sale of new bonds, qbHtB
A
Ht, but increasing the capital stock available in the traded sector

respresents a cost, qeHt
�
�Ht � �Ht�1

�
.

As the budget constraint, also the collateral constraints (13) and the market clearing conditions

(26) must be coherently expressed in terms of the new variables. For example, in case of home active

investors, one obtains

NFBA
t + q

b
HtB

A
Ht � �t

�
NFEAt + q

e
Ht�Ht

�
(13�)

nBA
Ht + (1� n)BP

Ht = 0 (26�)

In sum, the model is made of all the conditions that de�ne the equilibrium, provided that the constraints

and the bond market clearing conditions are transformed as shown in (12�), (13�) and (26�). The model

is solved with a �rst order approximation, which is then used to satisfy a second order approximation

of the portfolio equations, combined as in (38). These steps are useful for the estimation of  , which is

then conditional on the portfolios, as well as for solving and simulating the model once the optimal  

has been found (further details are in the separate appendix).

Remark 1. Due to the collateral constraint, the comparison between assets belonging to the collater-

alized portion of portfolios and those used as collateral is redundant. Hence, the international portfolio

problem has a smaller dimension than the one it would have under non-binding collateral constraints.

Consider applying the usual approach to portfolio choice straightforwardly, neglecting the fact that

collateral constraints are binding in both countries. Let the foreign equity be the reference asset, so

that equations (14)-(17) yield

�
�
cAt
�
Et�

A
t+1 (RHt+1 � rFt+1) + �t (1� �t) = 0 (39)

�
�
cAt
�
Et�

A
t+1 (RFt+1 � rFt+1) + �t (1� �t) = 0 (40)

Et�
A
t+1 (rHt+1 � rFt+1) = 0

where each of the �rst two equations is a no-arbitrage condition between a bond and an equity. This

sort of condition features a term, �t (1� �t), which is not generally treated by the existing solution
methods for international portfolios. And this could represent a potential problem.

Coherently with the three conditions obtained, one would need to determine three portfolio shares.

So de�ning these three shares as !bHt = qbHt
�
bAHt �BA

Ht

�
, !bF t = qbF tb

A
Ft, !

e
t = qeHt

�
kAHt � �Ht

�
and the

home investors�net foreign assets as

NFAAt = qeF tk
A
Ft � qbF tbAFt � qeHt

�
�Ht � kAHt

�
+ qbHt

�
BA
Ht � bAHt

�
(41)

the budget contraint would not be (12�) but

Ptc
A
t +NFA

A
t = wt � qeHt

�
�Ht � �Ht�1

�
+ dHt�Ht�1 + q

b
HtB

A
Ht �BA

Ht�1 � (RHt � rFt)!bHt�1
� (RFt � rFt)!bF t�1 + (rHt � rFt)!et�1 + rFtNFAAt�1 (42)
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And the corresponding collateral constraint would not be (13�) but

(1� �t)
�
qbHtb

A
Ht + q

b
F tb

A
Ft

�
+ �tq

b
HtB

A
Ht � �t

�
NFAAt + q

e
Ht�Ht

�
(43)

Written this way, the collateral constraint shows the redundancy of a comparison between bonds

and equities quite clearly. In fact, given (41) and being BA
Ht = bAHt + b

�A
Ht, equation (43) reduces to

qbHtb
A
Ht + q

b
F tb

A
Ft � �t

�
qeF tkFt � qeHt

�
�Ht � kAHt

�
+ qeHt�Ht

�
So de�ning NFEA and NFBA as above, I can write the collateral constraint as shown in (13�). In the

equilibrium where this constraint is binding, the debt-to-asset ratio is

NFBA
t + q

b
HtB

A
Ht

NFEAt + q
e
Ht�Ht

= �t

implying that both (39) and (40) amount to

Et�
A
t+1 (RHt+1 � rFt+1) = Et�

A
t+1 (RFt+1 � rFt+1) =

�t
�
�
cAt
� �NFBA

t + q
b
HtB

A
Ht

NFEAt + q
e
Ht�Ht

� 1
�

The interpretation of this result is as follows. There is no choice between a given bond and a given

equity claim, so what remains is a choice between equities (equation (37)) and a coice between bonds

(equation (36)). The latter is obtained taking the di¤erence between (39) and (40). �

Remark 2. The total market value of pledgeable assets is only the starting input for computing the

home and foreign shares of bond portfolios. In other words, the total amount of collateral available in

each country represents the total amount of tradable bonds issued by residents of that country, but it has

no implications on the diversi�cation of bond portfolios.

Under binding collateral constraints, the right hand side of equation (13�) determines how much

home active investors can borrow. In the steady state, borrowing equals �qb �BA, where �BA =
�
�bAH +

�bAF
�

by symmetry. This con�rms that one does not need to determine both an home bond share and a foreign

bond share as in (42). For given collateral, the two shares are interdipendent (�!bF = ��!bH = ��!b), the
budget constraint reduces to (12�) and one can �nd the level of diversi�cation for the overall equilibrium

portfolios, �!e; �!b, as detailed in appendix A.2. In particular, �� (per-capita tradable equities) is found

as a result of the allocation of capital between backyard sector and �rms, occurring in each country.

Once �� has been determined, also �BA can be found. This means that the allocation of capital between

sectors of an economy determines the total amount of tradable collateral but not also its cross-country

diversi�cation. This is solved endogenously by �!b. �

Two are the main implications of these results. The �rst is that, in the present model collateral

constraints split agents�net foreign assets in two components, NFEAt and NFB
A
t . One state variable
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is then replaced by two states, and its behaviour can be recovered easily as NFAAt = NFEAt �NFBA
t .

In addition, active investors�net foreign assets represents country-wide net foreign assets because the

passive investors of any given country only purchase the bonds expressed in that country good, regard-

less of borrowers�residency. Finally, since collateral constraints are at work (symmetrically) in both

countries, the usual clearing conditions for international transactions, NFAAt +NFA
�A
t = 0, now needs

to be satis�ed for both the pledgeable and the collateralized portion of net foreign assets: respectively,

NFEAt +NFE
�A
t = 0 and NFBA

t +NFB
�A
t = 0.

The second interesting implication is a sort of corollary and concerns what happens in a model where

just one bond is traded in international markets (Devereux and Yetman, 2010). In this case, investors do

not have opportunities to diversify risk in funding, so they borrow as much as their leverage constraints

allow. For example, equation (28) implies that home investors�borrowing is bAt = �
�
qeHtk

A
Ht + q

e
F tk

A
Ft

�
.

Then, given home and foreign collateral constraint, the total amount of funds that home and foreign

savers must supply is determined by the debt market clearing condition (29): (1� n)
�
bPt + b

�P
t

�
=

�n
�
bAt + b

�A
t

�
. The unique variable that can guarantee this result is clearly the world interest rate.

For a given shock to investors�collateral portfolio, � determines how much the total supply of loans,

bPt + b�Pt , must adjust to satisfy the market clearing condition (29). So, when just one bond is traded,

the world rate and � can display a strong link. In contrast, given equations (30)-(31) and (38), here is

not a speci�c interest rate that matters: investors choose their bond portfolio considering the di¤erence

between interest rates, so it is at most this di¤erence that can have an e¤ect on the collateral constraint.

5.2 Equilibrium Portfolios

Table 4. reports the equilibrium portfolios predicted by the numerical solution of the model22. Asset

holdings are organized by investors as well as by sectors, and each stock is valued at steady state prices

and is divided by economy-wide output.

Starting with the allocation of asset holdings across households, the model indicates that passive

investors invest in domestic capital and in domestic bonds. These bonds are issued by both home and

foreign active investors, but domestic passive investors can neither purchase foreign capital nor foreign

bonds. In the steady state, passive investors�capital equals 20 percent of the total available stock (i.e.,

0.8/3.98 %), so the remaining 80 percent is marketable across borders. The remaining wealth of patient

households (1.79-0.80) is invested in local good bonds. The share of these funds that goes to local

borrowers, as opposed to foreign borrowers, depends on active investors�equilibrium portfolios.

Given these portfolios, active investors in each country receive the most of their external funds

from local �nanciers (0.78), while borrowing in the foreign debt market equals 0.21. Given ��, leveraged

investors need a bit more than 3 times as much capital as total debt in order to borrow against collateral:

in market value terms, 3.18. Once again, these households show a tendency to take bigger positions in

22 I use standard Matlab functions for the analysis of linear systems.
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the domestic economy than abroad: local �rms receive 1.88, while foreign �rms 1.3.

Table 4. Equilibrium Portfolios

Home Foreign Wealth

Equity Bond Equity Bond

Investors

Home passive 0.80 0.78 - 0.21 1.79

Home active 1.88 -0.78 1.30 -0.21 2.19

Foreign passive - 0.21 0.80 0.78 1.79

Foreign active 1.30 -0.21 1.88 -0.78 2.19

Market clearing 3.98 0 3.98 0 7.96

Sectors

Home backyard 0.80 0.99 - - 1.79

Home traded good 3.18 -0.99 - - 2.19

Foreign backyard - - 0.80 0.99 1.79

Foreign traded goods - - 3.18 -0.99 2.19

Note: The equilibrium asset holdings reported in the table are

computed in value terms and as a share of economy-wide out-

put. This equals Y + (1� n) z
�
k
P
��
.

The allocation of assets across sectors con�rms what just said in more aggregate terms, as passive

investors run the backyard sector and active investors own the stock of capital used to produce traded

goods. It follows that the latter sector is debtor to the prior. Interestingly, the last four lines of the table

show how leverage works in the steady state. The loan granted by backyard producers allow the traded

good sector to increase its activity beyond the total net worth of its owners (3.18 of capital against a

net worth of 2.19).

In terms of international diversi�cation, the main message so far is that active investors display local

bias in both bond- and equity-holdings. In Table 5, I quantify this home bias and determine what is

its e¤ect on the willingness of �nanciers to grant collateralized loans, depending on the type of pledged

equity. The computation is detailed at the bottom of the table. In addition, I get some insights on the

hedging properties of bonds and equities by means of some sensitivity analysis.

The key results in Table 5. can be summarized as follows. First, in equilibrium, leveraged investors

are chracterized by a 60 percent home equity bias and a 79 percent home funding bias. Second, in

spite of the local equity bias, the international diversi�cation attenuates the e¤ect of foreign collateral

on counterparty risk. Finally, the bond portfolio captures the ToT (or RER) risk implicit in leveraged
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borrowing, stabilizing the equity portfolio even along this dimension. The rest of this section is devoted

to the interpretation of these three �ndings.

Table 5. Portfolios: Home Bias and the Ensuing E¤ect on Counterparty Risk

Home bias % E¤ect of Collateral on �t

Parameter(s) Equity Funding Local Col. Foreign Col.

Baseline Calibration - 59.1 78.8 0.213 0.450

Sensitivity To Increasing Model Parameters

Preference Parameters ; �; I ; �I "# " - -

Greater Leverage �� "  =��

a) 0.41 const 59.1 92.4 0.2819 0.5953

b) 0.41 " 59.1 92.4 0.3383 0.5137

c) 0.41 # 59.1 92.4 0.2131 0.6947

Note: In terms of the results in Table 4, the de�nitions used are:

1) local bias in j = H (F) active investors�ownership of H (F) asset j
stock of asset i used by H (F) �nal goods sector , where j = equity, bond

2) pure e¤ect of riskiness of local collateral on counterparty risk =  
local equity bias

3) pure e¤ect of riskiness of foreign collateral on counterparty risk =  �

1 - local equity bias

First, the home bias result is in line with previous literature. As in Coeudarcier et al. (2010), the

home equity bias is justi�ed by the home bias in the investment expenditures to accumulate capital

over time. This means that capital accumulation breaks the perfect correlation between capital income

and non-capital income, regardless of the presence of binding collateral constraints23.

Second, the home equity bias allows to interpret the SMM estimation of (34) (and its foreign coun-

terpart) and to assess the e¤ect of diversi�cation on �t (��t ) as proxy for borrowers�counterparty risk.

By construction, borrowers pledge an entire portfolio of assets, which is made of both home and foreign

equities. Thus, conditional on a given portfolio allocation, the SMM estimation of (34) suggests how

much �nanciers revise their willingness to lend to home active investors in case of a change in the value

of either home equity ( ), foreign equity ( �) or both. According to the estimation results,  <  �,

meaning that the debt-to-asset ratio of each borrower is more sensitive to the riskiness of foreign collat-

eral than to that of local collateral. For example, the estimation suggests that a loss in the market value

of foreign collateral cuts home agents�borrowing by 0.185, while an equivalent loss on home collateral

reduces it by 0.126.

23When capital income is perfectly correlated with non-capital income, the prediction of international portfolio models

goes back to Baxter and Jermann (1997): investors tend to use foreign equities as a protection against their labour income

risk.
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This result is clearly driven by cross-border risk diversi�cation. Assume, for simplicity, that the

function g = [�] de�ning  ; � as a given transformation of portfolio shares is linear. On the basis of a
�rst-order solution, this reveals that

 = g

�
qeHtk

A
Ht

qeHtk
A
Ht + q

e
F tk

A
Ft

�
= 0:213� qeHtk

A
Ht

qeHtk
A
Ht + q

e
F tk

A
Ft

= 0:126

 � � g

�
qeF tk

A
Ft

qeHtk
A
Ht + q

e
F tk

A
Ft

�
= 0:450� qeF tk

A
Ft

qeHtk
A
Ht + q

e
F tk

A
Ft

= 0:185

Intuitively, in absence of the level of risk diversi�cation achieved in equilibrium, the riskiness of foreign

collateral would a¤ect �t more than twice as much as the riskiness of local collateral. Yet, note that this

does not imply that active investors�portfolio choice accounts for these di¤erences in the riskiness of

home and foreign collateral. Borrowers do not have any incentive to account for the riskiness speci�c to

each asset: given the collateral constraint (equation (13�)), �nanciers lend against a synthetic measure

of borrowers� counterparty risk �t because they receive an overall asset portfolio, with international

diversi�cation attenuating asset-speci�c e¤ects (equation (34))24. For an alternative solution, see Trani

(2012).

Finally, the home funding bias (and its sensitivity to model parameters) re�ects how active investors

cope with the ToT risk a¤ecting their balance sheets. In equilibrium, active investors borrow as much

as 79 percent of their total debt from local �nanciers because, among other reasons, bonds are the

unique assets that they use to hedge the ToT risk, although this drives a wedge even between home and

foreign equity prices. One reason for this is that debt instruments are speci�cally used to satisfy the

no-arbitrage condition between home and foreign loan rates (equation (36)). Another reason is the fact

that, under binding constraints, only the total size of the pledged collateral (not also its diversi�cation)

a¤ects the choice between home and foreign funding. Consequently, bond holdings are particularly and

univocally sensitive to the strength of the ToT risk, as implied by model parameters.

The parameters governing the share of local goods versus foreign goods in consumption and invest-

ment have a positive e¤ect on the bias in local funding. That is, the tendency to borrow more heavily

at home than abroad is larger, the larger ; I (the home bias in consumption and investment) and

�; �I (the elasticity of substitution between home and foreign goods in consumption and investment).

In contrast, the results are more mixed for the home equity bias, which is moreover far less responsive

to changes in model parameters than the bond shares. Coeudarcier and Gourinchas (2011) provide

a careful analysis on similar results, and I remand to the separate technical appendix for the speci�c

numbers obtained in the case of changes to ; �; I ; �I . The new result here concerns how the level of

leverage sought by active investors a¤ects the endogenous diversi�cation of their portfolios. To start

with, I increase the steady state debt-to-asset ratio by 32 percent to 0.41, keeping  =�� �xed (case a of

24The consequence is that the unique objective behind the satisfaction of the portfolio Euler for equities (equation (39))

is to eliminate any excess return di¤erential across borders, as already found by Devereux and Yetman (2010).
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the test "Greater Leverage" in Table 5.). This way equilibrium leverage increases from 1.45 to 1.69, but

the impact of home and foreign collateral on counterparty risk remains unchanged. I �nd an important

con�rmation for the theoretical prediction obtained in (30)-(31). According to this prediction, there

should be a link between �t and both of the borrowing rates, so this link is expected to a¤ect active

investors�willingness to diversify their debts across countries. Quantitatively, only the equilibrium bond

share reacts (and markedly) to the increase in leverage, while the equity share remains una¤ected. The

remaining two exercises are meant to check whether these results are not simply due to the fact that

I have initially kept the weight of  on �� constant. As the table shows (cases b,c of the test "Greater

Leverage"), the liability portfolio continues to have the same hedging properties as before.

To sum up, the main result of this section is that the ToT risk interacts with borrowers�leverage

causing local bias in funding. And in turn this position in bonds eliminates the most of the e¤ect

of changes in the RER on other other portfolio. A clear caveat is that the predictions of the model

are likely to overestimate the sensitivity of bonds to model parameters. The reason for this is that the

model does not involve other bonds than those used by active investors to actract funds under borrowing

limits. However, introducing unconstrained bonds would not a¤ect the results qualitatively.

6 International Transmission and Predicted NFAs

From now on, I study the dynamic properties of the model described in section 4. The goal of this

analysis is not to provide a complete representation of deleveraging and of the ensuing international

transmission mechanism. Since I build on Devereux and Yetman (2010), the major insights of their

analysis are valid here as well. I focus instead on the potential contribution of the current framework

herewith to their �ndings on how binding borrowing limits transmit idiosyncratic shocks to foreign

countries. The two new features here are: the international integration between di¤erent markets for

debt securities and the e¤ects of shocks on counterparty risk. For clari�cation purposes, I shall at times

compare the predictions of the present model with those of a framework such as Devereux and Yetman�s.

I solve their model, focusing on the version in which there is a unique worldwide bond market

(equation (29)). Devereux and Yetman�s model does not involve home and foreign bonds as well as the

factors behind home bias (i.e., capital accumulation and home bias in consumption). So although their

model do involve home and foreign equities, it does not reproduce home equity bias endogenously, which

is simply not their objective. Since home equity bias is instead an endogenous feature of my model, I

introduce in their framework a second order transaction cost � , which a¤ects the portfolio choice in the

way described by Tille and Van Wincoop (2010). I calibrate � so that the equilibrium home equity bias

in the framework à la Devereux and Yetman is the same as the one found here (roughly 60 percent).

Consider then a negative shock to home country productivity (graph not included in the paper25 but

25See also Figure 4., which shows a similar picture as the one in the saparate appendix, with the only di¤erence that

the former graph is obtained shutting down the reaction of debt-to-asset ratios to equity prices.
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in the separate technical appendix). The productivity shock causes a fall in the price of home equities.

In turn, this price e¤ect sets in motion the international transmission mechanism provided by the

�nancial accelerator in open economy. The mechanism works through binding borrowing constraints

under internationally diversi�ed assets. Home equities are indeed present in both home and foreign

international investors�portfolios, so the decrease in the value of those equities translates into a wealth

loss. As a consequence, borrowing constraints in (13) tighten, and the initial shock to home equities is

transmitted to foreign equities. This way, the wealth loss amounts to a decrease in the value of collateral

portfolios, so the supply of credit decreases and the initial shock propagates worldwide, in the form of

a generalized deleveraging in all long positions.

Figure 2. Current Model vs Devereux-Yetman: Predictions for (Net) IIP
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The novelty here is twofold, as this deleveraging cycle entails: 1) a real appreciation of home goods

versus foreign goods; 2) a fall in borrowers�debt-to-value ratios. Both e¤ects have consequences on

asset prices, including the market value of both bonds and equities worldwide. Due to these new price

e¤ects, the net foreign assets of the home country (foreign country) must decrease (increase) on impact

and increase (decrease) afterwards, as model variables go back to equilibrium. A one-bond model with

constant debt-to-asset ratios such as Devereux and Yetman�s would predict exactly the opposite. Figure

2. shows what just said, taking into account only the home country (where the shock originates).
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In Devereux and Yetman, the fall in home country productivity causes a quite marked trade balance

(TB) de�cit (third panel) but �rst order valuation and income balance e¤ects (VE) of an opposite sign

(fourth panel). This means that, given equilibrium portfolios, foreign investors su¤er a wealth loss on

their holdings of home equities which is relatively bigger than the devaluation of home agents�holdings

of foreign equities. Through the mechanism I shall describe in the rest of the paper, the model here

reverts this conclusion because the reaction of the ToT 1=pFt negatively a¤ects cross-border funding

and the immediate increase in counterparty risk (mimicked by a fall in �t) have perverse consequences

for equity prices. Hence, the net foreign assets of the home country can decrease (�rst panel), even if

the fall in TB is quite contained (third panel).

Figure 3. U.S. International Accounts in 2000-2010
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Source: International Investment Position & International Transactions, U.S. Dept. of

Commerce, Bureau of Economic Analysis.

Note: The vertical blue and dashed line (long dashes) refers to the year 2007.

Interestingly, the predictions of the present model match quite well the behaviour of the U.S. (Net)

International Investment Position (IIP) during the 2007-09 crisis, which are reported in Figure 3. The

vertical (and dashed) line in the graph denotes the year in which the crisis started: 2007. According

to the data, the beginning of the crisis brings about a negative valuation e¤ect for the U.S economy,
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as the fall in its IIP is not entirely matched by its current acount (and TB). Actually, the TB would

adjust upward in the following year. The model here cannot capture this upward adjustment, and the

sequencing of e¤ects is not exactly the same as in the data. However, the TB de�cit it predicts is much

smaller than in Devereux and Yetman, and the �rst order VE it generates revert those yielded by the

latter model.

6.1 Integrated Markets for Debt Secuties

In this section, I focus only on the contibution of multiple bonds on the international transmission mech-

anism. Accordingly, I shut down the reaction of �t; ��t to the riskiness of collateral assets, conditional

on the equilibrium portfolios - i.e., equation (34) and its foreign counterpart. In this case, a negative

productivity shock in the home country yields the responses shown in Figure 4.

Figure 4. Debt Markets Integration: Productivity Shocks at Home
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According to this graph, the productivity shock at home has particularly severe e¤ects on all equity

prices, which comove almost perfectly across borders (�rst panel). So home and foreign active investors�

collateral must fall, but home equity bias implies that the wealth loss is bigger for domestic agents
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(second panel). This leads to a margin call, as their capability to borrow falls in line with the decrease

in collateral (third panel), and the supply of loans adjust accordingly (�fth panel). A deleveraging cycle

starts, and panels 7, 9 and 10 show its macroeconomic e¤ects: especially signi�cant is the decrease in

the demand for the investment goods produced by �rms in the home country (and, by symmetry, for

all investment spending at home).

Figure 5. Debt Markets Integration: Price E¤ects
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Panels 4, 5, 8 (of Figure 4) contain the main results on how the integration between home and

foreign bond markets a¤ects the transmission of shocks. The negative productivity shock causes a

real appreciation of home country goods, which drives a wedge between home and foreign loan rates.

This wedge is apparently at odds with the shadow loan premiums paid by home and foreign borrowers

borrowers (which are driven by the respective shadow prices of collateralized borrowing, �t and �
�
t ),

because both increase symmetrically across borders26. I focus on these price e¤ects more speci�cally in

Figure 5.

This graph suggests that the increase in the home ToT has two e¤ects. First, the ToT heightens the

transmission between home and foreign variables. The reaction of the ToT magni�es the e¤ect of the

shock on equity prices, with a tendency to increase their cross-country correlation with respect to what

26See section 3.3.2

33



happens in Devereux and Yetman (labeled as "DY Model"). Second, and more importantly, the ToT

raises the di¤erence between the costs of home funding versus the cost foreign funding and disconnects

the behaviour of interest rates from the value assumed by equilibrium debt-to-asset ratios. The third

panel in Figure 5. con�rms the corollary at the end of section 5.1: in "DY Model", the dynamics of the

interest rate depend on ��, even if their leverage constraint limits the total size of debt that investors can

obtain as opposed to the repayment costs (equation (28)). When �� is calibrated as in my model (0.31),

the e¤ect of the negative shock to home country productivity on the world interest rate is even sligthly

positive. Only with higher debt-to-asset ratios (e.g., �� = 0:5, which is one of Devereux and Yetman�s

assumptions), the world rate on loans can decrease. On the other hand, allowing for an endogenous

choice between home and foreign liabilities, the model here eliminates this link between interest rate

and leverage: dynamically, the mechanism works through risk premiums in the way I pass to explain.

The contrast between loan premiums and interest rate di¤erentials shown in Figure 4 (fourth and

�fth panels) is due to the fact that, under �nancial integration, the shadow price of collateralized

borrowing is just one component of the overall premiums paid on loans. Home and foreign interest

rates must re�ect home and foreign �nanciers�stochastic discount factors (equations (20)-(22))27. The

overall premium on funding is then obtained using these discount factors together with active investors�

consumption Eulers. So, for home agents (equations (14)-(15)), I get

GPA (bHt) =
�t=�

A
t

Et�At;t+1| {z }
shadow premium

(44)

GPA (bFt) =
�t=�

A
t

Et�At;t+1| {z }
shadow premium

+
covt

�
�At;t+1; pFt+1

�
=qbF t

Et�At;t+1
�
covt

�
��Pt;t+1; pFt+1

�
=qbF t

Et��Pt;t+1| {z }
ToT component

(45)

In (44)-(45), I de�ne the loan premium as guarantee premium (GP) because it is the premium imposed

by borrowing under collateral (which can be considered as a guarantee or a loan covenant). It is clear

that, for active investors, only the premium on domestic debt is uniquely determined by the shadow cost

of borrowing �t (equation (44)). The cost of foreign debt involves a ToT component. This component is

represented by how the ToT correlates with borrowers�pricing kernel relative to how it correlates with

lenders�pricing kernel.

After the fall in home productivity, 1=pFt icreases, and so do �At;t+1;�
�P
t;t+1. Therefore, both convari-

ances in (45) are expected to be negative, meaning that GPA (bFt) is expected to fall with the e¤ect of

the ToT on borrowers�discount factors (�rst term of the ToT componet) but to increase with the e¤ect

27Formally:

EtRHt+1 =
1

Et�Pt;t+1
; EtRFt+1 =

1

Et��Pt;t+1
�
covt

�
��Pt;t+1; pFt+1

�
=qbFt

Et��Pt;t+1
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of the ToT on lenders�discount factor (second term of the ToT componet). But since passive investors

are more patient than active investors, the second e¤ect prevails: GPA (bFt) is expected to increase by

more than GPA (bHt).

Figure 6. Debt Markets Integration: "Di¤erential" Quantity E¤ects w.r.t. Devereux-Yetman
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Note: Di¤erence is positive: the (home/foreign) variable considered reacts by more in Devereux

and Yetman (2010) than here. Di¤erence is negative: opposite interpretation.

The e¤ect of the negative productivity shock on loan premiums imply that the �rst lenders to refuse

to grant loans to home country leveraged investors are the foreign lenders - and conversely for foreign

borrowers. To show this, I compute "di¤erences" between the predictions of the model here and those

of the single-bond model of Devereux and Yetman and report the result in Figure 6. If the di¤erence

falls in the negative region (i.e., below the zero line), the variable plotted reacts by more in the model

here than in Devereux and Yetman. The opposite is true when the di¤ference falls in the positive region

(i.e. above the zero line). One can see that, on the �rst dates, the supply of funds by home �nanciers

is quite similar across models, while foreign �nanciers curb their loans by more in the model here than

in Devereux and Yetman (third panel). And from the second panel, foreign �nanciers reduce not only

their credit to local active investors, but also their credit to borrowers in the home country. That
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is, cross-border funding experiences a backstop after a negative macroeconomic shock to one economy

(which is con�rmed by how active investors adjust their consumption across borders, in the last panel).

In conclusion, the major e¤ect of the integration between markets for debt securities is that the ToT

a¤ects the internationally diversi�ed debt portfolio of leveraged investors. A new e¤ect on the inter-

national transmission of shocks follows. Given equations (30)-(31) and the equilibrium loan portfolio,

the gap between bond prices created by the increase in the home ToT (�fth panel in Figure 5.) implies

that the margin call received by active investors is di¤erent from that received by foreign investors.

And since also equity prices comply with the movements in the ToT, the collateral portfolios of home

and foreign agents react in line with the di¤erent margin calls they receive. This justi�es the impulse

response in the �rst panel of Figure 6: the devaluation of foreign borrowers�collateral is less pronounced

here than in a one-bond model, while the opposite is true for home agents�collateral. In net terms,

NFBA
t must decrease because foreign funding react more than domestic funding, and NFE

A
t moves in

the opposite direction than predicted by Devereux and Yetman�s NFAt. Since NFEAt falls by more

that NFBA
t , NFA

A
t must decrease as shown in Figure 8. below (�rst panel).

7 The Behavior of Debt-to-Asset Ratios

7.1 The Reaction to Macroeconomic Shocks

The analysis so far highlights the ToT e¤ect on interest rate di¤erentials and equity prices. However,

the sole ToT e¤ect attributes a somehow passive role to equity prices. For equilibrium purposes, the

value of home and foreign collateral portfolios must adjust to the changes in cross-border funding. On

the other hand, here I show that wholesale funding can imply a more independent role for equity prices

through the reaction of �nanciers to changes in counterparty risk.

According to equations (16)-(17), the e¤ect of binding collateral constraints is that borrowers dis-

count future capital gains and dividends more heavily than under non-binding constraints:

qeit = Et�
A
t;t+1

�
qeit+1 + dit+1

�
8i = H;F

where the "distorted" pricing kernel is

�At;t+1 �
�
�
cAt
�
Et�

A
t+1

�At � �t�t
=

�At;t+1�
1� �t

�At
�t

� > �At;t+1 (46)

As a consequence, equilibrium equity prices are distorted downward (Aiyagari and Gertler, 1999; Men-

doza, 2010):

qeHt = Et
�
n�At;t+1 + (1� n) �Pt;t+1

�
qeHt+1 + nEt�

A
t;t+1dHt+1 + (1� n)Et�Pt;t+1�z

�
kPHt
���1

(47)

qeF t = Et
�
n�At;t+1 + (1� n) ��Pt;t+1

�
qeF t+1 + nEt�

A
t;t+1dFt+1 + (1� n)Et��Pt;t+1�z

�
k�PFt

���1
(48)
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where I have used passive investors�pricing equations as well.

The interpretation is as follows. Active investors�pricing kernel (46) is a¤ected by both the shadow

price of borrowing (in terms of consumption), �t=�
A
t , and the contractual limit imposed on this debt,

�t. When agents�debt-to-asset ratio is a constant �, only the shadow price of borrowing matters. As a

consequence, a negative productivity shock prompts active investors to discount the future even more

heavily than before the shock. The reason for this is that the shock has perverse e¤ects on the value of

collateral through dHt in (47), so lenders curb credit and �t=�
A
t must increase. This is the loss spiral

e¤ect of the shock (Brunnermeier, 2009). But when debt-to-asset ratios are time-varying as in (34), the

e¤ects of the shock are more complex.

In fact, lenders react to the fall in equity prices, believing that contracting with a given active

investor is riskier as their collateral is less valueable. As a consequence, �t decreases partly contrasting

the reaction of �t=�
A
t . The combined e¤ect on �

A
t;t+1 is ambiguous and depends on which variable

reacts more forcefully and is more in�uential between �t and �t=�
A
t . In other words, the fall in the

debt-to-asset ratios tighten the haircuts so that a margin spiral accompanies the loss spiral deleveraging

(Brunnermeier, 2009).

Let us now see how these theoretical intuitions show up in the dynamic behaviour of the model,

looking at how the reaction of �t=�
A
t and �t combine together and, thus, how debt-to-asset ratios a¤ect

equity prices. But note that the interaction between �t=�
A
t and �t is even more complex, as the former

depends on �t through the collateral constraints. The tighter the constraint, the greater the shadow

price of borrowing. So to start with, in Figure 7. I plot the reaction of NFEAt and NFBA
t to the

productivity shock assuming that �t; ��t can react to home and foreign equity prices (and comparing

with case of a constant �).

Figure 7. shows that, after a shock to home productivity, NFAAt falls largely because of an endoge-

nous reaction of equity prices to �t; ��t
28. The model with constant debt-to-asset ratios predicts that

NFAAt must decrease because of the ToT e¤ect (�rst panel). However, this fall is not quantitatively

large because the ToT mainly a¤ects bond prices. In contrast, the reaction of �nanciers has marked

e¤ects on equity prices and small e¤ects on bond prices. Subtracting the reaction of variables under

constant debt-to-asset ratios from their reaction under time-varying ratios, I �nd that the di¤erential

e¤ect of the variation in �t; ��t on NFE
A
t is much stronger than its di¤erential e¤ect on NFB

A
t (third

panel). Now, NFAAt decreases around 1.5 times more than before (second versus �rst panel).

To further interpret this result, consider that Van Wincoop (2011) doubts that, in absence of factors

such as risk shocks, binding leverage constraints can per se cause similar e¤ects as those observed in

2007-09. Here, quantitatively important is the impact reaction of �t; ��t , interpreted as counterparty

risk.

The third panel of Figure 7. suggests what is the complete mechanism at work, that is, how �t and

28See also the �rst panel in Figure 2.

37



�t=�
A
t - combined - a¤ect the pricing kernel in (48). The fact that NFE

A
t falls on impact obviously

means that the fall in �t is very strong: its fall is more than compensated by the increase in �t=�
A
t and

the pricing kernel must increase. However, on later dates the e¤ect works in the opposite direction: the

pricing kernel contracts, quickening the adjustment of NFEAt back to equilibrium.

Figure 7. Debt Markets Integration: Home Country NFAs after Productivity Shocks
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Note: Di¤erential E¤ects (third panel) are computed subtracting the impulse responses with

constant debt-to-asset ratios from those with time-varying ratios.

This reversion of sign is con�rmed by the ex post behaviour of the other model variables, apart

from those directly connected with the collateral portfolios - especially in�uenced by borrowing limits

e¤ects (equations (13)) or market clearing e¤ects (equations (26)). Figure 8. reports the results of an

experiment, where I analyze how impact and cumulative multipliers of various variables behave as  

is progressively incresead from 0 to its estimated value. Cumulative multipliers are computed over the

�rst �ve dates after the shock.

38



Figure 8. E¤ect of Adjusting in Haircuts: Impact vs Cumulative Multipliers
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Note:  ; � simultaneously increase in their respective ranges, with 23 steps each:  2 [0; 0:126] ;
 �2 [0; 0:185]. The number of steps is on the x-axis.

The main message from this graph is as follows. After revising borrowers�counterparty risk upward,

�nanciers curb credit very sharply and over more dates (�rst panel). So, the greater the adjustment

of �t; ��t to equity prices, the smaller active investors� borrowing (�fth panel). But this heightened

credit crunch has a sort of "market discipline e¤ect": while on impact macroeconomic variables (e.g.,

investment) and the shadow loan premium increase, they bene�t from the adjustment in �t over the

longer run. The general consequence is that recessions (and their worldwide impact) are deeper but less

long-lasting if debt-to-asset ratios are time-varying then if they are not.

7.2 Dynamics with Additional Shocks

The conclusion of the previous section - that the reaction of �nanciers to economic shocks eventu-

ally dampens their e¤ects and their transmission across borders - is not applicable to all shocks. In

general, the dampening e¤ect produced by changes in �t; ��t on later stages after a shock is true for
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macroeconomic innovations but not for �nancial innovations. Following Jermann and Qadrini (2011),

the �nancial shocks a¤ecting the model under analysis are the exogenous innovations to �t; ��t ; that is,

��t; �
�
�t.

In Figure 9., I present simulation results29 for various combinations of shocks. Clearly, the graph

shows (for some of the most relevant variables) that the simulated time-series are more volatile when

macroeconomic shocks are accompanied by (some exogenous) uncertainty about counterparty risk. And

this is not the mere result of adding shocks together.

Figure 9. Simulations with Business Cycle and Financial Shocks: E¤ects on Volatility
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The baseline case is represented by the behaviour of macroeconomic variables under productivity

shocks, which have been considered so far (cyan, dashed line; long dashes). Adding investment shocks

(black, dashed line; short dashes) does not have any e¤ect on macroeconomic and �nancial variables,

except for their contained e¤ect on investment expenditures themselves. In contrast, adding the shocks
29 I conduct a Monte Carlo experiment, setting it up is as follows. I simulate time-series of 120 datapoints. I pass them

through the Hodrick-Prescott �lter. Finally, I drop the �rst 50 observations. To construct the variables ultimately used I

repeact this process for 600 times.
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to debt-to-asset ratios (red, continuous line) increases the volatility of all macroeconomic variables, and

this increase is even more marked if one considers the initial level of leverage (red, dash-dotted line).

Initial leverage is taken into account scaling the �nancial shocks by �m=��. (equation (34)).

These results are somewhat in line with recent �nancial literature, which thus suggests a possible

interpretation. In Geanakoplos (2009), the endogenous changes in leverage have stabilizing properties

for the most of the possible economic shocks but not for shocks to the tail distribution of asset returns.

From another viewpoint, Brunnermeier and Pedersen (2009) - from whom I partly draw - �nd that

margins are prevalently stabilizing when �nanciers have enough information about the fundamentals

of the economy but not when they are uninformed. Therefore, the reaction of debt-to-asset ratios at

work here can stabilize economic variables over time if the world economy is hit by shocks that do not

concern the risk of lending to a certain borrower. In this case, �t; ��t follow the mechanism implicing in

RE equity pricing (solving forward (16)-(17), (21), (23)). But if macroeconomic shocks are accompanied

by doubts about borrowers�true creditworthiness and/or about the riskiness of their collateral, then the

behaviour of �t; ��t can destabilize the economy. The uncertainty faced by �nanciers is passed on equity

prices through active investors�"distorted" discount factor (46) - a¤ecting the forward solution. Clearly,

this uncertainty propagates to the whole economy because of the key role of equities as collateral for

borrowing and, thus, for �nancing investment and production across borders.

In terms of international transmission, the interaction between ToT and leverage can be certainly

expected to re�ect the destabilizing properties of haircuts in case of �nancial shocks, suggesting once

again that risk may have played a role (Van Wincoop, 2011). But the analysis herewith is far from

conclusive, and further research is needed.

8 Conclusions

I develop a two-country portfolio model to study the e¤ect of wholesale funding on the international

transmission of shocks under collateral constraints. I model two main aspects of these collateralized loan

contracts: the fact that the collateralized portfolio of liabilities is diversi�ed across home and foreign

securities, and the fact that wholesale �nanciers react to changes in counterparty risk.

Besides, my framework proposes a way to model and parametrize the debt-to-asset ratio when

borrowers do not face limits on single assets but on their internationally diversied portfolios. I also

show how the computation of these portfolios simpli�es through the e¤ect of �nancial integration on

debt markets, which are characterized by collateralized borrowing.

The presence of multiple bonds to use as liability instruments shows that investors�leverage interacts

with the terms of trade (or real exchange rate) risk. This interaction is absent in a model with just

one debt market. Such a model links the dynamics of the loan rate to the equilibrium level of debt-to-

asset ratios because agents cannot take advantage of the hedging properties of bonds, and borrowing is

uniquely dictated by the collateral constraints.
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Coherently, the international diversi�cation of funding shows how strong is the cross-border trans-

mission when a perverse shock reduces the extent to which agents can take advantage of these hedging

properties of bonds. The reason for this is the ToT e¤ect. The ToT a¤ects equity prices as well, but in

this case the role of funding works through the time-variation in debt-to-asset ratios. On impact, this

adjustment a¤ects equity prices in a negative way. And this e¤ect - combined with the integration in

debt markets - helps the model predict a fall in the net foreign assets of the economy where the shock

originates. This matches the U.S. experience in the 2007-2009 crisis. The rest of the adjustment in

haircuts can have stabilizing or destabilizing e¤ect, but further research is needed in this case.
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A Appendix

A.1 Borrowing Limits and VaR

According to a widely used regulatory and risk management rule, a leveraged investor must cope with

a value-at-risk (VaR) constraint or a constraint on the total margin on her positions. The �nance

literature shows that this type of constraint implies that borrowers face an haircut on each asset pledged

as collateral.

VaR constraints are at work also in the present model. Adding the total value of equity portfolios

to both sides of collateral constraints, equations (13) are rewritten as follows

mt

�
qeHtk

A
Ht + q

e
F tk

A
Ft

�
�WA

t ; m�
t

�
qeHtk

�A
Ht + q

e
F tk

�A
Ft

�
�W �A

t (A.1)

where mt = 1 � �t and m�
t = 1 � ��t are home and foreign borrowers�haircuts, and W

A
t ;W

�A
t denote

their (net) �nancial wealth. WA
t is given by the left hand side of the budget constraint (12), except

for consumption PtcAt . So, in terms of net wealth, home active investors�budget constraint can be,

equivalently, written as follows

Ptc
A
t +W

A
t = wt +W

A
t�1 +

FX
i=H

h�
qeit + dit � qeit�1

�
kAit�1 �

�
pit � qbit�1

�
bAit�1

i
with pHt = 1 8t

For foreign investors, the budget constraint can be written in a similar way.

There is an issue in that the haircuts in (A.1) are speci�c to the borrower considered, while the

�nance literature accounts for the riskiness of each collateral asset. Let mit = 1 � �it be the haircut

imposed on asset i, with �it be the corresponding debt-to-asset ratio, with i = H;F . Along the lines of

Brunnermeier and Pedersen (2009), binding total margins constraints imply that margin i must be set

so that

& = Pr
�
��qeit+1 > mit

�
(A.2)

is small enough30. Given the link between the collateral constraint (13) and the margin constraints

(A.1), also this model embeds a condition such as (A.2). Due to the endogenous portfolio choice, the

agent-speci�c haircuts mt;m
�
t are functions of the asset-speci�c haircuts mHt;mFt, depending on the

equilibrium portfolio shares. Formally:
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(A.3)

30The negative sign is used to characterize an unfavourable state of the world.
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where I replace �qeit+1 with q
e
it+1=q

e
it, for modeling convenience. So home borrowers�haircut is

mt =
qHtk

A
Ht

qHtkAHt + qFtk
A
Ft

mHt +
qFtk

A
Ft

qHtkAHt + qFtk
A
Ft

mFt

and m�
t is speci�ed in a similar way.

Given (A.2) and assuming that the distribution of asset returns is Normal, one generally �nds that

mit is a function of the volatility of the current value of asset i. And this function is furthermore linear

if the value of asset i follows a GARCH process.

But since in the main text I use collateral constraints instead of VaR constraints, I take advantage

of the de�nition of mt (and m�
t ) and of mHt;mFt to adapt these results to borrowers�debt-to-value

ratios. I thus write

�t =
qHtk

A
Ht

qHtkAHt + qFtk
A
Ft

�Ht +
qFtk

A
Ft

qHtkAHt + qFtk
A
Ft

�Ft

which is equation (33); along the same lines, I also specify ��t . Next, I capture (A.2) with the following

assumption:

�it = f

�
qeit
qeit�1

�
with i = H;F ; f 0 (�) > 0 (A.4)

According to (A.2), once the con�dence level & has been chosen, �nanciers ask for a higher margin mit,

the greater is the expected fall in the market price of asset i. Since �it is inversely related to mit,

equation (A.4) indicates that the (percentage) fall in the price triggers a fall in the debt-to-asset ratio.

Note that my approach does not aim to capture a key step of Brunnermeier and Pedersen�s analysis.

In their model, the dynamic properties of the haircuts depends on �nanciers�information set, distin-

guishing between those that are informed about fundamental and liquidity risks and those that are not.

This is not my goal here, so I do not make any assumption on multiple information sets. But this

does not mean that �nanciers�expectations do not play any role. Important is indeed the interaction

between lenders�and borrowers�expectations, whose properties are typical of RE model with hetero-

geneous agents. Active and passive investors�Euler equations in both countries are linked because of

equilibrium equity pricing. See equations (47)-(48).

A.2 Conditions for Computing Portolios

Consider the steady state of the economy (denoted by a "bar" above the variables). Given equations

(20)-(22), the loan rate is �R = �
�
�cP
��1
. Using it in (14)-(15), the guarantee premium on loans is

GP � ��

� (�cA) (�cA)��
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�
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So, from (16)-(17), the rate of return on equity is
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Hence, equilibrium portfolios can be computed conditionally on the following two steady state fea-

tures: the �rst is useful for computing the equity portfolio, the second is consequential to the �rst and

is useful to determine the bond portfolio.

Condition 1. As shown by Devereux and Yetman (2010), the ownership of the stock of capital used
by �rms ( �K = n��) is diversi�ed across countries depending on how the total capital available in each

(symmetric) economy, �K + (1� n) �kP , is allocated across the productive sectors of that economy. In
fact, in the steady state, (14)-(17), (20)-(23) and (27) determine �� and �kP as a result of the following

system:

1

1� � (�cP )�z
�
�kP
���1

=
�
�
�cA
�

1� � (�cA)� ����= (�cA)��
�d

n��+ (1� n) �kP = 1

with �� = �kA + �k�A.

Under binding constraints, one can combine the value obtained for �� with (13), in order to determined

the equilibrium value of active investors�collateral.

Condition 2. Between active investors, the total per-capita amount of collateralized debt is "in
positive net supply". In fact, the total amount of loans that �nanciers in each economy agree to

purchase is �BP = �n �BA= (1� n). And from (13), �BA is

�BA =
���qe��

�qb

with �BA = �bA +�b�A.
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A.3 Additional Graphs

Figure 1-A. Currency Breakdown of External Bank Positions

Source: Taken from McGuire and Von Peter (2009), p. 51, Graph 2.
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Figure 2-A. Diagram of the Financial Transactions in the Model
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Figure 3-A. Diagram of the Financial Transactions in Devereux and Yetman (2010)
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