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Abstract

During the last decade the world has experienced a dramatic increase
in cross-border holdings of financial assets and liabilities. Exposure to
foreign assets in banks’ balance sheets is discussed as one of the scape-
goats for the rapid spreading of the recent crisis. In this paper, I analyze a
two-country New Keynesian model in which leverage constrained finan-
cial institutions hold capital in both countries. I show that — depending
on the type of shock considered — the degree of balance sheet exposure,
i.e., the share of foreign assets in banks’ portfolios, can matter quite a lot
for the transmission of shocks via financial markets and the international
synchronization of business cycles. In particular, after a country-specific
shock to the quality of capital, the sign of the cross-country correlation
of GDP is turned around by changing the share of foreign assets in banks’
portfolios.
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1 Introduction

The recent crisis which had its origins in the U.S. financial sector but quickly
spread to other sectors and other economies has been characterized by an un-
precedented global comovement in financial and real variables. Given a sub-
stantial increase in cross-border financial linkages during the last decades (e.g.
Lane and Milesi-Ferretti, 2007), these developments have intensified the in-
terest in the role of financial integration for the international transmission of
shocks.

There are many ways in which financial integration, i.e., the opening up of
capital and bond markets, has played a role in the recent global financial crisis.!
A very simplified but widely accepted portrayal of the crisis is centered around
balance sheet linkages among highly leveraged (high ratio of assets to underly-
ing capital) investors and financial institutions across countries: a drop in the
value of some assets related to the U.S. subprime mortgage market forced bal-
ance sheet constrained investors to deleverage by selling assets. This caused a
further decline in asset prices, aggravating the initial events. By squeezing lend-
ing activity across the board, financial institutions transmitted the shock to the
real economy. As financial institutions around the world held portfolios of simi-
lar assets, the crisis quickly spread around the globe. This explanation has been
dubbed the ‘international finance multiplier’ by Krugman (2008).

The concept of the ‘international finance multiplier’ is centered around the
existence of balance sheet exposure, i.e., a non-negligable share of assets of fi-
nancial institutions being held in foreign countries. While much evidence has
been brought forward that this channel has played an important role in the fi-
nancial crises of the nineties, empirical evidence with respect to the direct role
of foreign asset holdings during the ‘Great Recession’ of 2008-2009 is mixed. For
instance, using a standard regression methodology, Kamin and DeMarco (2010)
find that direct exposure to U.S. mortgage backed securities “fail[s] to explain
the lion’s share of the deterioration in asset prices [worldwide] that took place
during the crisis”. Using a cross-country dataset, Rose and Spiegel (2010) come
to the conclusion, that exposure to U.S. assets cannot account for the cross-
country heterogeneity in contagion. Note, however, that neither of the studies
is structural.

This paper is a theoretical contribution to the discussion to which extend
the degree of balance sheet exposure matters for the international transmis-

See Kamin and DeMarco (2010) and Devereux and Yu (2015) for good literature overviews.



sion of shocks. I set up a two-country model with balance sheet constrained
financial intermediaries. Each economy is modeled as in Gertler and Karadi
(2011). I extend their model by introducing international trade in final goods
and by allowing intermediaries to purchase financial claims on intermediate
goods producing firms at home and abroad, which leads to an equalization of
the expected returns to capital at home and abroad. Integration of the asset
market gives rise to an international portfolio choice problem which I solve us-
ing the method proposed by Devereux and Sutherland (various papers). Bond
and deposit markets are domestic. I use the model to analyze a shock which
has not been analyzed in an international setting so far?, a country-specific
shock to the quality of capital. This shock directly reduces the value of the corre-
sponding assets in banks’ balance sheets producing an enhanced decline in the
net worth of these institutions. Gertler and Karadi argue that the effects of this
shock broadly capture the dynamics of the subprime crisis. Recently, this shock
has been given much attention in the (closed economy) literature, as it can pro-
duce a comovement of real variables very close to the one observed since the
beginning of the Great Recession’ (Furlanetto and Seneca, 2014). Various empir-
ical studies show that this kind of shock can explain a large part of the business
cycle fluctuations in recent years (Liu et al., 2011; Sanjani, 2014; Justiniano et al.,
2011).Ifind that a higher share of foreign assets in the portfolio can turn around
the sign of the correlation of home and foreign output from negative to positive
after a capital quality shock.

Similar theoretical accounts of the role of balance sheet exposure for the
international transmission of shocks came to different results. Using a two-
country New Keynesian model with leverage constrained investors, Dedola
and Lombardo (2012) argue that price equalization in integrated financial mar-
kets, in particular the equalization of credit spreads, leads to business cycle co-
movement “quite independently of the exposure to foreign assets in the bal-
ance sheet of leveraged investors”. A similar theoretical contribution is the two-
country DSGE model with leverage constrained investors by Yao (2012). Setting
up a model with integrated equity markets, they come to the conclusion that
the degree of balance sheet exposure has a (small) quantitative effect on the
cross-country correlation of real variables. Both contributions consider shocks
to the net wealth of leverage constrained investors as well as technology shocks.

2A notable exception is the model by Dedola et al. (2013). Their model also features a banking
sector a la Gertler and Karadi but a reduced international trade sector. In this setting they also
analyze the effects of capital quality shocks but they are mainly interested in the question how
unconventional monetary policy should be conducted in this context.
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In a nutshell, what leads to the differing results is that the capital quality shock
directly affects all agents holding the ‘bad’ assets while net wealth and technol-
ogy shocks affect asset holders in the country spared by the shock only via price
equalization and trade effects.

My results also raise new welfare questions. So far, it has only been shown
that financial market integration per se is welfare improving compared to a
regime of financial market autarky (e.g. Devereux and Sutherland, 2011). How-
ever, if different degrees of portfolio exposure are associated with different de-
grees of international comovement, do they also yield different welfare? To my
knowledge, this paper is the first one to compare welfare under different de-
grees of balance sheet exposure.? In particular, I compare a situation in which
banks chose an optimal portfolio (in this model banks chose to hold a balanced
portfolio) to a situation in which banks hold only domestic assets. While the
first scenario yields the highest welfare, the latter situation is welfare inferior
even compared to a regime with financial market autarky. This suggests that
any barriers to international financial trade in otherwise open financial mar-
kets hinder risk sharing while not being able to shield the economy from conta-
gion effects through price equalization.

Last but not least, the analyses conducted in this paper provide a small but
interesting contribution to the literature on international portfolio choice.* In
all previous contributions (except Dedola et al., 2013) some type of household
undertakes the portfolio choice decision. In this case, the optimal portfolio co-
incides with the portfolio yielding the highest degree of consumption risk shar-
ing. In my model, bankers who have a motive apart from the maximization of
lifetime utility undertake the portfolio choice decision. The portfolio they chose
is different from the portfolio which yields the highest degree of consumption
risk sharing. This an interesting finding with respect to the well known empir-
ical phenomenon that international risk sharing is relatively low despite wide
financial market integration.

The paper is organized as follows. The next section develops the model. Sec-
tion 3 provides the calibration. In section 4, I present and discuss the results.
The final section concludes and gives an outlook.

3I would like to thank Giovanni Lombardo for pointing out a way of calculating welfare under
ad hoc, i.e., not optimally chosen portfolios in a setting with endogenous portfolio choice.

“There is a fairly large number of contributions building on the method proposed by Dev-
ereux and Sutherland (various years), some of which have already been mentioned above. Alter-
native methods to find international portfolios were proposed by Tille and van Wincoop (2010)
and Evans and Hnatkovska (2005), among others.
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2 Model

Assume that the world consists of two countries with symmetric structures,
each inhabited by a continuum of agents of equal size. Each of the economies
is modeled isomorphic to the economy in Gertler and Karadi (2011). They in-
troduce financial intermediaries into an otherwise standard New Keynesian
Model. The role of intermediaries is to transfer funds between households
and intermediate goods producers. Intermediaries face an endogenously deter-
mined constraint on their leverage ratio, motivated by a simple agency problem,
which drives a wedge between saving and borrowing rates.

The two-country version of the model developed in this paper features fi-
nal goods market integration as well as asset market integration. Each country
produces a differentiated final good which is consumed by households in both
countries. Financial markets are integrated only with respect to assets, i.e., I al-
low intermediaries to purchase financial claims on intermediate goods produc-
ing firms athome and abroad. Deposit markets remain national which matches
empirical facts according to which households prefer holding deposits nation-
ally, despite large differences in deposit rates. Integration of asset markets intro-
duces an endogenous portfolio choice problem as returns on equity are subject
to country-specific risk. In models with endogenous portfolio choice it is com-
mon to analyze cross-country positions in equity and bonds. Equity market in-
tegration is alway analyzed conditional on bond market integration (see e.g.
Dedola and Lombardo, 2012; Devereux and Sutherland, 2011; Devereux et al.,
2014). It is known that bonds are mainly used to hedge real exchange rate fluc-
tuations and can indeed ensure a high degree of international consumption
risk sharing (Coeurdacier and Rey, 2013). For simplicity, this model abstracts
from real exchange rate fluctuations, hence, it seems to be a legitimate mod-
eling choice to abstract from the instrument which is mainly used to provide
insurance against this source of risk. Abstracting from bond market integration,
can indeed be seen as a highlight of this model, as it allows to single out the
effects of cross-border holdings of equity.

As there are eight different sources of risk, home and foreign TFP shocks,
home and foreign capital quality shocks, home and foreign shocks to the net
wealth of bankers and home and foreign monetary policy shocks, and only
two types of assets to provide insurance against country-specific risk (financial
claims on home and foreign intermediate goods firms), international consump-
tion risk sharing is incomplete.

For simplicity only home country equations will be displayed. Foreign vari-



ables will be denoted with an asterisk.

2.1 Households

Within each household, there are two member types, workers and bankers.
While the worker supplies work to intermediate goods firms and deposits to
banks, the banker manages a financial intermediary and transfers retained
earnings back to her household when the lifetime of the bank ends. Within the
family, there is perfect consumption risk sharing, which allows to maintain the
representative agent framework. As in Gertler and Karadi (2011), it is assumed
that a fraction 1- f of household members are depositors, while a fraction f are
bankers. Between periods there is a random turnover between the two groups:
with probability 65 a banker will stay a banker and with probability 1 — 65 she
will become a depositor. The relative proportions are kept fixed. New bankers
are provided with some start-up funds from their respective households.

The lifetime utility of a representative home worker, who draws utility from
a consumption aggregate C; and disutility from labor L;, is given by

1+¢
Lt+k
1+¢)’

with y, ¢ > 0. Variable ©; is the endogenous discount factor of households (see
below).

Households save by depositing funds at competitive intermediaries in their
country. Deposits held between ¢ -1 and ¢, denoted by D;_;, are equivalent
to one-period riskless real bonds paying the gross real rate of return R;. Fur-
thermore, households provide labor to intermediate goods firms and receive
the nominal wage W;. Hence, the home household’s budget constraint in real
terms is given by

(o0}
E; ) O
k=0

InCrip—x

Wi
Ct + Dt = RtD[_l + ?Lt + Ty,
t

where 7; denotes net profits from the ownership of firms (financial and non-
financial).

Households have equal preferences for home and foreign final goods.
Hence, C;, the CES composite of consumption is given by

1 =1 1 =1 ,_Ll
— 7 L 7 L
Ci= O-S’CH,t+0-5‘CEt ,



with ¢ > 0 and Cg,; and Cg; denoting consumption of the home and the for-
eign final goods, respectively. The corresponding consumer price index takes
the following form:

1
P, =(0.5P;;}+0.5P; "),

where Py ; denotes the price of the home good in the home country and Pg;
denotes the price of the foreign good in the home country.
Assuming local currency pricing, the law of one price holds, i.e.,

*
Pp: = €Py,

*
PF,t = €tPF,t’

where €, is the nominal exchange rate. As households preferences are identical
in the two countries and no home bias is assumed, the consumption baskets
are equal, hence, Purchasing Power Parity holds, i.e.,

Pt:e‘tP;k.

Under Purchasing Power Parity, the real exchange rate is constant.

An exogenous discount factor together with incompleteness of financial
markets implies a unit root in a first-order approximated open economy model
(see e.g. Schmitt-Grohé, S. and Uribe, M., 2003). Hence, an endogenous dis-
count factor is chosen to ensure stationarity in consumption. The discount fac-
tor is determined as follows:

O = G)tﬁ(CA,t),
By = 1,

where Cy ; is aggregate home consumption. Using aggregate consumption in
the endogenous discount factor ensures that the household does not internal-
ize the effect of her consumption decision on the discount factor, which simpli-
fies calculations considerably. As in Schmitt-Grohé, S. and Uribe, M. (2003) and
Devereux and Yetman (2010) the following functional form of the endogenous
discount factor is assumed

B(Ca) =wc(1+Cpp) .

Parameter 7). is chosen to be very small, to keep the effects of this purely tech-
nical feature on the results of the model negligibly small.
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Accordingly, the households first-order conditions for the optimal choice of
labor and consumption are given by

w, LY
P, Y,

and
1=p(Can)EefAs 111} Ry,
with the marginal utility of consumption being given by
Ar=C;!
and the households real stochastic discount factor being defined as

A1
Ae

At,t+1 =

2.2 Banks

In the model economy, home financial intermediaries channel funds from
home households to home and foreign intermediate goods producers, fulfilling
the double role of investment as well as commercial banks.

In addition to obtaining funds from households, banks also raise funds in-
ternally by accumulating retained earnings. The balance sheet of home bank i
is given by

%
Q:Sim, +Q;Sirt=Dj¢+ Ny,

where Q; (Q;) denotes the price of the home (foreign) capital asset. Deposits
at bank i are denoted by D; ;. Variable S;p ; (S;r;) denotes state-contingent
claims on future returns of a unit of capital used in intermediate goods produc-
tion in the home (foreign) country, whose gross rate of return is given by Ry ;
(R,: ;). Intermediary i’s net worth is given by N; .. It evolves according to the
following equation:

Nit =Ry, 1Qt-1SiH, -1+ RZtQ:_lsiF,t—l —RtDj ;.



Since the banker cannot invest in assets which yield a discounted return
smaller than the cost of borrowing, the following inequalities have to be sat-
isfied:

Ef{O¢ 1A t11(Ripe1 — R 1)1 =0
E{®rr1A g1 (R 1 — Rix1)} 20,

With perfect capital markets the above relations would hold with equality. In
the presence of financial frictions, however, the premium must be positive. As
will be seen later it covaries negatively with GDP as the intermediaries inabil-
ity to obtain funds increases during bad states of the economy. As long as the
banker earns some positive yield on each euro invested, she finds it worthwhile
to operate and further accumulate earnings.

As it is assumed that each period a fraction 1-0p of bankers exits the busi-
ness with i.i.d. probability and pays out accumulated earnings to their respec-
tive households,? a banker maximizes the terminal value of her net worth given
by

o0
Vi =max E; ) (1 —GB)Hg@kAt,t+k+1Ni,t+k+1-
k=0

To motivate the requirement to build up net worth, the following moral hazard
problem is assumed: at the beginning of each period, before the shocks realize
and any other transactions take place, it is assumed that the banker can choose
to divert fraction A of available funds back to the household. The cost associ-
ated with this fraud is that the depositors recover the remaining fraction 1 — 1
and force the banker into bankruptcy. Due to the moral hazard problem, for
creditors to be willing to deposit funds with the bank, the following incentive
constraint must hold

Vie=ABj;
= A(Dj,++ Ni ),

with B; ; = Q;Sin,: + Qf Sir denoting total bank assets. To solve the banker’s
maximization problem define the objective of the bank recursively as

Vir=max E;f(Ca)Asi+1l(1 —=O0B)Nj 141+ 0BV 1411,

SThis arrangement keeps aggregate bankers’ net worth bounded.
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and conjecture that the value function is linear in assets and net worth:

Vi, =ViH,tSitt +ViEtSike = Ni,t Niz-
The solutions for the coefficients are given by

Vit = E; {Qt+1(Rk,t+1 - Rt)}
Vi =E{Qu1 Ry, — R}
Ne=E{Q 1} Ry,

where

Q1 =P(Ca)As, 11 [(1 —0p) +0p (ﬂt+1 + Vt+1<,bt+1)] )

which can be interpreted as the stochastic discount factor of the banker. It
differs from the households discount factor due to the presence of financial
frictions. The discount factor is a key variable for the determination of inter-
national portfolio positions. The difference between the two agents’ discount
factors is very important for on of the results of this paper: the fact, that in this
model the portfolio decision is made by the banker instead of the household
leads to inefficiently low insurance of country-specific risk. A further first-order
condition is given by

Vh,t = Vf,[ = Vyg.

Note that the subscript i was dropped as the coefficients exclusively depend on
aggregate variables.
Assuming that the incentive constraint binds®, it can be expressed in terms
of the coefficients of the value function
¢

B;= Ny =Ny,
t A—v, t = PNy

where ¢, is the ratio of intermediated assets to net worth, which can be referred
to as the leverage ratio. Note that it is endogenously determined in this model.

6parameters and steady state values are chosen such that it binds in the steady state. Holding
the variance of shocks small enough guarantees that the incentive constraint also binds in a
stochastic environment.



Finally, the law of motion for aggregate net worth can be derived:

N¢=Np+ Ne;

Q:—15F,t—1
Ry,—Ry_{1)——
(( kt— Re-1) Wi,

Npt=w[Qi-1SH,-1 + Q:_lsEt—l]»

Ne,;=0p (Rk,t—RZyt)) $r +Rt—l] Nt

where N, ; denotes existing bankers’ net worth, N,, ; denotes new bankers’ net
worth and w is the fraction of the assets given to new bankers by their house-
holds.

2.3 Intermediate goods firms

Intermediate goods firms produce an intermediate good which is sold to final
goods producers in the same country at the real price P,, ; for use in the pro-
duction of the final good. The market for intermediate goods is assumed to be
perfectly competitive.

The Cobb-Douglas production function of the representative intermediate
goods firm is given by:

Ym: = AU K)LI™%,

where Y, ; denotes intermediary output, A; exogenous technology and U; the
utilization rate of capital. Labor L; is provided by households in the same coun-
try only. Capital K; was bought from capital goods producers in the same coun-
try in the previous period at price Q;. To finance capital purchases, the firm
issues state-contingent securities to obtain funds from home and foreign in-
termediaries at the same price. Each period, the firm has to pay back capital
returns on the securities issued the previous period. As in Gertler and Karadi
(2011) we assume a shock to the quality of capital, ¥, to provide a source for
exogenous variations in the price of capital. It can be interpreted as the sudden
realization that much of the capital installed is of lower quality than previously
thought. As capital provides a kind of collateral to banks, banks’ balance sheets
will be contracted in response to a negative capital quality shock. The law of
motion for capital is given by

Kiy1=1; +(1-6(U))Y K,

where [; is aggregate investment and 6(U;) denotes physical depreciation
which depends on the utilization rate of capital.
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The first-order conditions of the intermediate goods producers profit maxi-
mization problem are given by

Poia1Yes
a%ltl + A =0Umr 1))V i+1Q¢41

K
Rk,l’+1 = : Qt )
w, Py Y,
—L=(l-a)—,
P, L

and

Y,
8" (UYY K, = Py ja—2L.
U:
The firm earns zero profits state-by-state, hence, it simply pays out the ex post

return to capital, Ry ;, to the financial intermediary.

2.4 Capital goods firms

Competitive capital goods firms produce capital only for the domestic market
using national final output as input facing investment adjustment costs (in con-
sumption units). Adjustment costs are assumed to be proportional to the aggre-
gate past capital stock as in Dedola et al. (2013). Their functional form is given
by

ni( It )2 I;
J==|—-1| —,
1o 2 (6[(; O0K;
with 0 < 7;. The capital goods producer chooses I; to maximize lifetime profits
given by
E; Z @kAt,t+k{Qt+kIt+k - [1 + f(')] Ir+k}-
k=0

From the first order conditions, we obtain the real price of one unit of capital

Q=1+ -(i—l)
A VT A &

Due to flow investment costs, capital goods firms can earn profits outside the
steady state. These profits are distributed lump-sum to the households.
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2.5 Final goods firms

Final output produced by home firms and purchased by consumers at home
and abroad, Y;, is assumed to be a CES composite of mass unity of differenti-
ated final products.

=)

)

1 _
Y, = U Y,(h)E dh
0

with 0 < €. Y;(h) denotes output by retailer /. The corresponding home pro-
ducer price index is given by

1
1-¢

1
Pu=| [ Pain'<an
0

Given that consumers allocate consumption expenditures optimally between
varieties, home final goods firm # faces the following demand by home and
foreign consumers’

P )¢
H,t( )) Y,
H,t

Yi(h) =(

i.e., its share in total home final goods production, Y;, depends on its relative
price.

It is assumed that each unit of final output is assembled costlessly from one
unit of intermediate output. Real marginal cost is therefore given by the inter-
mediate output price Py, ;. It is further assumed that firms face a positive prob-
ability, 0, each period that they a are not able to reset their price (Calvo-style
pricing). Hence, the optimal price of firm h, Py ; is given by

k -0 1¢
€ EtZ(l)co:OH ®kctkaH,t,t+ka+k

pH,t ) o 2 o -1 PH,[)
€ Etzkzog G)kct+kHH,t,t+kYt+ka’t+k
where [y ; = PZHJ - denotes home producer price inflation between ¢ —1 and ¢
and py ;= Ppit" is the relative price of home goods. The dynamics of the home

price index are given by

1
1-€

P = 0Py +(1-0)Py7)

“Under the assumption of local currency pricing (which preserves the Law of one Price), a
distinction between home and foreign demand is not necessary.

12



2.6 Monetary policy

Monetary policy is specified by a very simple and standard Taylor rule. It is as-
sumed that the home central bank reacts to variations in the home output gap
and home consumer price inflation (CPI). CPI targeting is chosen, because it
represents a better description of actual Taylor rules used in central banks fol-
lowing inflation targeting strategies (Devereux et al., 2014, p. 937). The particu-
lar Taylor rule of the home country central bank is given by

-1 ~Yyy(1—
re= (B PTPORE e,

where r; denotes the nominal rate, j; denotes the output gap, defined as the
difference between flexible price output and sticky price output, and ¢; ; is an
exogenous disturbance to monetary policy. The output gap is approximated by
the inverse of the markup gap. Parameter p, denotes the degree of interest rate
smoothing.

The following Fisher equation establishes the link between the policy rate
and the real interest rate:

It =RiEdliyq,

where Il = P”tl denotes consumer price inflation between periods ¢ and ¢+1.

p

2.7 Further equilibrium conditions

The model equilibrium is further characterized by the international capital mar-
ket clearing condition, the home and foreign goods market clearing conditions
and the home and foreign aggregate resource constraints.

The capital market clearing condition states that the current value of total
capital installed in both countries has to be equal to the total value of state
contingent claims on future returns of capital hold by home and foreign banks

QeKps1+Qr Kyy = Q(Spe + Sz,t) + Q:(vat + S;yt)'
Home goods market clearing is given by
Yi=Cpe+Chp o+ P 1+ fOL

The home aggregate resource constraint is derived from the aggregation of
the budget constraint over home households, considering profits from the own-
ership of non-financial firms, retained earnings from exiting bankers and the
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transfer to new bankers

P
p Yi+ Q:_15Et—1RZ,t_1 - Qt—lS;[,t_le,t—l

t
= Co+ 1+ FOU +Qf Spe—QiS}y -

Last but not least, the relationship between final goods production and in-
termediate goods production characterizes the equilibrium:

Ym,t = YtAp,t»

with A, ; denoting the price dispersion which arises in a model with a two-stage
production process with intermediate and final good producers and sticky
prices. It can be written in terms of producer price inflation:

1-611 1\

Ap,t = QAp,t_ll'[%'t+(1—9) W

2.8 Portfolio indeterminacy and solution method

Recall home banks first-order condition v,; = v ¢, which can be rewritten as
,BEt {Qt+1Rk,t+1} = ﬁEt {Qt+1RZt+1} .

Evaluated in the the steady state, this equations becomes
Rr =R},

and, approximated up to first order,
EtRi 41 = EtRZ,t+1'

Hence, in the steady state and evaluated up to first-order both assets pay the
same return. In economic terms, with equity market integration, expected re-
turns are equalized by arbitrage. This implies that all possible compositions of
banks’ portfolios, given by B; = Q;Sy,; + Q; Sk, pay the same return in the non-
stochastic steady state and in expectations, evaluated up to a first-order. There-
fore, international portfolio choice is indeterminate up to first-order accuracy.
The economic intuition behind this indeterminacy problem is the fact that as-
sets are only distinguishable in terms of their risk characteristics which can only
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be captured with an approximation of second-order or higher (Devereux and
Sutherland, 2008, p. 9).

Devereux and Sutherland (various papers) propose a method to determine
steady state portfolio holdings, which is based on a second-order approxima-
tion of the portfolio equations and a first-order approximation of the non-
portfolio parts of the model. Recently, other local and global methods have
been proposed by other authors, however, the method used by Devereux and
Sutherland is particularly appealing as it uses well-known perturbation tech-
niques and can be quite easily incorporated into otherwise standard programs
used to solve DSGE models, e.g. Dynare.

To solve the model by the method proposed by Devereux and Sutherland,
it is not necessary to actually conduct the second-order approximation of the
portfolio parts of the model. Instead one can use a shortcut. Firstly, it should be
noted that to analyze the first-order accurate macroeconomic dynamics of the
non-portfolio variables, only steady state portfolio holdings are relevant. Sec-
ondly, the equations containing the portfolio shares can be rewritten in a way
that portfolio shares only appear in a product with excess returns defined as
Ry =Ry — RZ' .- From the approximated first-order condition above it follows
that up to first-order accuracy this term is equivalent to an exogenous indepen-
dent mean-zero i.i.d. random variable. Using these insights, the model can be
solved using any linear method without knowing the steady state portfolio hold-
ings. This constitutes the first step of the solution procedure.

In a second step, one needs to find the steady state portfolio holdings which
make the first-order condition for portfolio choice hold up to second-order.
However, a second-order approximation of the whole model is not necessary
as second-order accurate solutions to policy functions can be obtained us-
ing purely linear solution methods (see e.g. Lombardo and Sutherland, 2007).
Hence, to find optimal portfolio holdings one can just extract results for cer-
tain policy functions from the first-order approximation of the model described
in the previous paragraph and calculate optimal portfolio holdings using a for-
mula given in Devereux and Sutherland .
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3 Calibration

Parameter \ Description Value
Households
X utility weight of labor 5.6
[0} inverse of Frisch elasticity of labor supply 0.276
Me elasticity of the discount factor w.r.t. consumption 0.01
W parameter from endogenous discount factor 0.9951
Capital producing firms
ni \ inverse elasticity of net investment to the price of capital | 1.728
Intermediate goods firms
a capital share 0.33
0 steady state depreciation rate 0.025
Final goods firms
0 probability of not being able to change price 0.75
€ elasticity of substitution between varieties 10
L elasticity of substitution between home and foreign goods 1.5
Financial intermediaries
A fraction of divertable assets 0.383
w transfer to entering banks 0.003
0p quarterly survival rate of banks 0.972
Taylor rule
Yy feedback coefficient on the output gap 0.125
Yr feedback coefficient on inflation 1.5
Or interest smoothing coefficient 1.5
Exogenous processes
Py persistence of capital quality shock 0.66
oA persistence of technology schock 0.95
Oy standard deviation of capital quality shock 0.05
oA standard deviation of technology shock 0.05
ON standard deviation of net wealth shock 0.05
oM standard deviation of monetary shock 0.01

Table 1: Parameters

Table 1 reports the benchmark calibration. Most parameters are quite standard
and do not need to be discussed. The parameters of the banking system, A, the
divertable fraction of assets, 0, the average lifetime of banks and w, the trans-
fer to entering bankers are taken from Gertler and Karadi (2011). They choose
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these values to hit three targets: a steady state interest rate spread of 100 basis
points, a steady state leverage ratio of four and an average lifetime of a bank
of 10 years. For parameter y the same value as in Dedola et al. (2013) is used.
Parameter w. in the endogenous discount factor was chosen as to guarantee a
steady state interest rate of 4%, i.e., a steady state value of 5(C4) of 0.99. The
value for the other parameter in the endogenous discount factor, 1., which cap-
tures the steady state savings propensity, was taken from Devereux and Suther-
land (2009). The value chosen for the trade elasticity between home and for-
eign goods is in line with the values de Walque et al. (2006) estimated for the
European Union. The persistence of the capital quality shock is also taken from
Gertler and Karadi (2011).

4 Model analysis

4.1 Steady state portfolio holdings and implications for risk
sharing

Steady state portfolio holdings in this model are defined as

P Q*Sf _ QSZ
Q*Sp+QSp  Q*S;+QS;’

a

i.e., the share of foreign equity holdings in home banks’ portfolio which — due
to symmetry — is equal to the share of home equity holdings in foreign banks’
portfolio.

Using the benchmark calibration, steady state portfolio holdings amount
to 0.54, i.e., financial intermediaries hold a balanced portfolio. Data on interna-
tional portfolio holdings show that developed countries exhibit an equity home
bias (share of domestic equity in portfolio) of 60-80% (see e.g. Coeurdacier and
Rey, 2013). The model at hand cannot exactly replicate this feature of interna-
tional financial markets, however, a value of 0.54 is much closer to realistic port-
folio holdings than the values obtained from many other standard open econ-
omy models which predict that hedging motives should invoke agents to hold
a portfolio consisting mainly of foreign assets. The robustness of steady state
portfolio holdings to changes in the parameters was checked. The parameter
range for each parameter was chosen such that it covers all values commonly
used. The result of a diversified portfolio is fairly robust to varying parameter
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values. Results are available on request. For a detailed discussion of how differ-
ent parameter values and model features affect portfolio choice see e.g. Coeur-
dacier and Rey (2013).

In models with international portfolio choice, agents chose portfolio hold-
ings as to optimally ensure against country-specific risks. A unique feature of
my model is that bankers undertake portfolio decisions instead of households.?
Bankers are owned by households, hence, they internalize the objective of the
household which consists in the maximization of lifetime utility. However, they
have an additional objective, namely the maximization of terminal net wealth
which in the mean time serves as collateral. Therefore, in this setup, the stochas-
tic discount factor relevant for international portfolio choice differs from the
households’ stochastic discount factor, as long as the incentive constraint is
binding, as was already explained in section 2.2.

Figure 1 depicts different second-order properties of the model for varying
degrees of balance sheets exposure. The first graph shows the covariance be-
tween the difference between stochastic discount factors of bankers, Q; — Q7,
and excess returns on capital, Ry ; = R ; — R,’z’ .- As explained above, the portfo-
lio allocation chosen optimally by banks is the one which satisfies the equation
E{(Qs41 —QF, )Ry ¢} = 0 up to second-order accuracy. Hence, the first graph
intersects the x-axis at point 0.54.

If financial frictions were absent, households would undertake the portfolio
decision. They would chose a portfolio which satisfies the equation E;{(Cy+1 —
C{, )Ry} = 0 up to second-order accuracy (see e.g. Devereux and Sutherland,
2008). By construction, this portfolio would coincide with the one that max-
imizes consumption risk sharing. In a two-country model with Purchasing
Power Parity, home and foreign households’ marginal utilities are equalized un-
der the assumption of perfect consumption risk sharing (see e.g. Nuntramas,
2011). In the model at hand, markets are incomplete and, hence, risk sharing is
incomplete. The correlation between home and foreign marginal utilities can
serve as proxy for the degree of actual risk sharing. A correlation coefficient of
1 implies perfect risk sharing. As it can be seen in the upper right plot of figure
1, the foreign equity share which maximizes risk sharing is given by approx. 0.7.

8The model by Dedola et al. (2013) features the same setup of the banking system as my
model, however, they do not analyze the implications of portfolio choice by bankers in detail. In
Dedola and Lombardo (2012), Yao (2012) and Devereux and Yetman (2010) so-called ‘investors’
undertake the portfolio decision, but their objective is also the maximization of lifetime utility,
hence, the stochastic discount factor relevant for international portfolio choice is equivalent to
the households’ one.
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It is equal to the portfolio which minimizes consumption volatility, depicted in
the lower right graph. The portfolio chosen by banks yields a lower degree of
consumption risk sharing and higher consumption volatility and can therefore
be considered as a suboptimal portfolio from the viewpoint of the household.

It is a well-known puzzle in international financial macroeconomics, that
theoretical models predict a much higher optimal foreign equity share than
can be found in the data and - connected to this — that actual international
risk sharing is relatively low given a high level of international financial mar-
ket integration. The results provided in this section suggest that one possible
explanation is that in most theoretical models households chose the portfolio
which provides the best hedging for income risk, while in the real world, the
largest part of portfolio holdings is intermediated by funds, whose objectives
most likely differ from those of households (Coeurdacier and Rey, 2013).
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Figure 1: Some second order properties of the model

4.2 Impulse response analyses

The purpose of this section is to illustrate and explain the impulse responses
of home and foreign variables to a capital quality shock in the home economy
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for different degrees of financial market integration. As already mentioned in
the introduction, international comovement of GDP (and labor) depends very
much on the share of foreign assets in banks’ portfolios: a higher share turns
around the sign of the correlation of home and foreign output from negative
to positive after a capital quality shock. This result differs very much from the
results of previous contributions which analyzed the implications of technol-
ogy shocks and net worth shocks for international comovement using similar
models (Dedola and Lombardo, 2012; Yao, 2012). Therefore, I will also briefly
discuss the impulse responses to technology and net worth shocks, concentrat-
ing on the differences between the three shocks.

The technology shock is a negative five percent innovation in home TFP, the
net worth shock is a five percent decline in banks’ net wealth and the capital
quality shock is a five percent decline in the capital stock. All shocks trigger
the well-known balance sheet mechanism also known as financial accelerator
mechanism: The worsening of economic conditions squeezes banks’ balance
sheets which increases leverage and forces banks to sell of some of their assets
to meet balance sheet constraints. This firesale of assets puts further downward
pressure on asset prices and (further) reduces investment, aggravating initial
effects of the shock. This is what we qualitatively observe in the impulse re-
sponses of the home economy for all three types of shocks.

The impulse responses to the net worth shock and the technology shock can
be found in the appendix. The solid blue line and the dashed black line dis-
play the impulse responses under financial market integration. The solid blue
line gives the impulse responses under full home bias, i.e., a” = 0 and the
dashed black line depicts the impulse responses under optimal diversification,
ie., af =0.54. My results resemble those of previous contributions in so far that
the degree of exposure matters very little for the international transmission of
these shocks. The reason is that financial contagion arises through price equal-
ization which takes place regardless of the portfolio composition. Consider the
balance sheet of a foreign bank under financial market integration illustrated in
figure 3. Given a technology or net worth shock in the home economy, the for-
eign bank is initially only affected by a decrease in asset prices (Q;, Q;). As the
impulse responses show, home and foreign asset prices are equalized. Hence,
the balance sheet of the foreign bank is affected regardless of the share of claims
on foreign firms, S;t, and claims on home firms, S}k{,t’ in the balance sheet.

The dotted red line represents the impulse responses under financial au-
tarky, i.e., banks only operate nationally. Note that under this regime, the home
net worth shock has only a very small effect on the foreign economy. The reason
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Figure 2: Impulse responses to a -5% home capital quality shock (dotted red line: fi. mar-
ket autarky; solid blue line: full home bias, i.e., a” = 0; dashed black line: optimal port-
folio, i.e., a¥ = 0.54)
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is that it does not have a direct impact on production but only affects the real
economy via banks’ balance sheets. Therefore, the repercussions in the home
real economy are very small. Given that under financial market autarky, all inter-
national spillover effects happen via the trade sector, the home net worth shock
barely affects the foreign real economy. On the other hand, for the technology
shock, the impulse responses under financial autarky closely resemble those
under integration. The reason is that of all three shocks, the technology shock
has the largest direct impact on (home) production, as can be easily seen from
the production function. Since the model does not feature home bias in con-
sumption, foreign consumption is negatively affected by the drop in home fi-
nal goods supply and an increase in consumer prices. Foreign production then
suffers from a decrease in total demand and enters a small recession.

Figure 2 shows the impulse responses to a capital quality shock in the home
country. The response of the foreign economy to a negative home capital qual-
ity shock largely depends on the degree of international integration. Recall that
the dotted red line represents the impulse responses under financial autarky,
i.e., banks only operate nationally. Due to trade integration, the foreign real
economy suffers from a decrease in total demand and shows signs of a mild
recession. This decline in economic activity then feeds over to the foreign bank-
ing sector, triggering the financial accelerator mechanism, however, on a much
smaller scale than in the home economy. Compared to the technology shock,
the repercussions in the foreign economy under financial autarky are smaller
because the initial effects on of this shock on production and demand are
smaller.

The solid blue line and the dashed black line display the impulse responses
under financial market integration. It can be seen very clearly, that in these se-
tups the shock additionally transmits from the home to the foreign economy via
the banking sector: already in the initial period, foreign banks’ balance sheets
are contracted and investment and asset prices fall. The size of the effects on
the foreign banking system depend very much on the share of home assets in
foreign banks’ portfolios, a”. The effects on the real economy differ even qual-
itatively: under full home bias (af = 0), the adverse shock in the home country
actually triggers a small boom in the foreign economy, while under optimal di-
versification (a” = 0.54) the recession is partly synchronized.

The reason for the different transmission of the same shock is that under
optimal diversification, foreign banks are affected through a direct devaluation
of some of their assets, in particular through a direct devaluation of S}k-l,t’ and
through price equalization, while under full home bias only the latter channel
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plays a role. The price equalization channel works through an equalization of
expected returns on capital due to arbitrage. The equalization of returns in-
duces capital prices to develop into similar directions. Furthermore, most of
the variation in credit spreads is driven by fluctuations in the expected return
to capital, hence, credit spreads develop similarly. Price equalization attenuates
the effects of the shock in the home economy while it is a channel of financial
contagion for the foreign economy. If only the price equalization effect is at
work, which is the case for a” = 0, the foreign economy initially even profits
from the shock in the home country. The reason is that it can increase exports
to the home economy where demand did not drop as much as under financial
autarky because there the financial accelerator was attenuated. If banks hold
diversified portfolios, i.e., a’ = 0.54, foreign banks are directly affected by the
home shock to a similar extend as home banks. This sets of a powerful balance
sheet mechanism in the foreign economy. As can be seen in figure 2, the initial
increase in leverage ratios and spreads is of similar size in the two countries.

assets | liabilities
QIS *H,l N*L
Q IS Fi D t

Figure 3: Foreign bank’s balance sheet under financial market integration

4.3 Welfare analysis

International financial integration helps to ensure against country-specific
risks, however, cross-border portfolio holdings also expose the domestic econ-
omy to foreign crisis, leading to a high co-movement of real and financial vari-
ables. This trade-off inherent in financial market integration had motivated var-
ious authors to conduct welfare analysis. Building on a two-country model with
financial frictions and endogenous portfolio choice, Devereux and Sutherland
(2011) have shown that international financial integration in bond and equity
markets is welfare improving despite the fact that it generates high positive co-
movement across countries, compared to a setting in which only bond markets
are integrated and compared to a regime of financial autarky. Welfare under
financial market integration is calculated for optimal portfolio choice only.

In the last section, I showed that conditional on a capital quality shock, bal-
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ance sheet exposure matters for international comovement. In particular, we
can observe 'financial contagion’ — the international comovement of real and
financial variables after country-specific shocks, made possible by financial
interlinkages — if banks hold a large share of foreign assets in their portfolio,
whereas the foreign economy does not enter a recession after a home capital
quality shock under full home bias. This raises the question whether, given fi-
nancial market integration, the degree of balance sheet exposure also matters
for welfare. I will try to answer this question by calculating welfare for the same
three settings I provided impulse responses for: financial autarky, financial mar-
ket integration and full home bias, i.e., a? = 0 and financial market integration
and an optimally chosen portfolio, a” = 0.54.

I evaluate welfare by computing the unconditional expected lifetime utility
under each financial market setting, using the same approach as Devereux and
Sutherland (2011). Steady state welfare is given by

_ - Z1+¢)
UC,I) 108C) x5

1-BC) 1-wl1+0)"

W=

Then, unconditional expected lifetime utility, defined as W, is calculated using
asecond-order approximation to the model, for each setting. The benefit or loss
of a particular financial market setting is calculated as the permanent change
in steady state consumption, necessary to make agents in the non-stochastic
steady state as well off as those in the stochastic economy. I define the neces-
sary permanent change in steady state consumption as g. A positive value of
g means that agents in the stochastic setting are better of, whereas a negative
value implies that agents in the non-stochastic setting have a higher welfare.
The particular value for g is found by solving the following equation:

—1+¢

log((1+g)C) — yt—
W= S+
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Table 2 displays the results for the three different financial market setting.
The first part reports the values for the model from the previous sections which
features capital quality, TFP, net worth and monetary policy shocks. First of all,
the results are in line with the results from Devereux and Sutherland (2011) al-
though my model does not feature bond market integration: if agents are al-
lowed to hold the optimal portfolio, they are better off under financial market
integration than under financial autarky. In particular, with integrated financial
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markets, a 0.66% increase in steady state consumption would be necessary to
make agents in the non-stochastic steady state as well off as in the stochastic en-
vironment, while under autarky, a 1.43% decrease in permanent consumption
would make agents as bad off as in the stochastic regime. As expected, financial
market integration increases risksharing. However, it additionally lowers con-
sumption volatility despite being exposed to foreign crisis.

| | g(in%) | var(C) | cons. risksharing |

1. Benchmark model
autarky -1.43 | 0.1205 0.85
full home bias -1.82 | 0.1280 0.75
optimal portfolio 0.66 0.1144 0.95
2. Model without capital quality shocks
autarky 1.86 0.0173 0.85
full home bias 0.97 0.0173 0.84
optimal portfolio 1.03 0.0171 0.87
3. Model without technology shocks
autarky -1.43 | 0.1205 0.85
full home bias -1.82 | 0.1280 0.75
optimal portfolio 0.66 0.1144 0.95

Table 2: Welfare evaluation

When we now consider the setting in which financial markets are integrated
but portfolios feature full home bias, we see that welfare is even smaller than
under autarky. The reason is that price equalization introduces the economy to
additional volatility, but there are not any international asset holdings which
provide for a better sharing of country-specific consumption risk.

The second and third part of the table show the results for an economy in
which either the capital quality shock or the technology shock are turned off.
Note that turning off the technology shock does not change the welfare evalu-
ation compared to the benchmark model. That shows, that the welfare effects
of the capital quality shock dominate the results. Recall that after a technology
shock, balance sheet exposure had only a very small significance for the interna-
tional transmission of the shock. The second part of the table reflects this result:
full home bias and an optimal portfolio yield almost the same welfare. Interest-
ingly, in a version of my model without capital quality shocks, financial autarky
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is welfare superior to financial market integration, even though risksharing is
higher and consumption volatility lower under integration and optimal portfo-
lio choice. It can only be conjectured that the effects of financial market integra-
tion on labor lead to this result. However, explaining this finding is beyond the
scope of this paper.

5 Conclusion

This paper has shown that in a model featuring leverage constrained interme-
diaries and international financial markets, balance sheet exposure has an im-
portant impact on international business cycle synchronization after capital
quality shocks. In fact, moving from a setting with negligibly low cross-border
equity holdings to a model with completely diversified portfolios changes the
sign of business cycle correlations from negative to positive. This contradicts
the results of Dedola and Lombardo (2012), who find that it is price equalization
rather than balance sheet exposure which leads to international comovement.

By estimating closed economy DSGE models, various authors have recently
shown that capital quality shocks are the “key drivers of business cycle fluctua-
tions” (Justiniano et al., 2011; Liu et al., 2011; Sanjani, 2014, p.23). It is an inter-
esting route to take for further empirical research to find out which shocks are
the most important drivers of international business cycles. Finding an answer
to this question could then also help to gain more insights into the question
which role price equalization and balance sheet exposure have played during
the ‘Great Recession’. At this point, I can only conclude that the role played by
price equalization compared to balance sheet exposure in the cross-country
transmission of shocks via financial markets depends on the type of shock we
consider.

The welfare analysis in section 4.3 supported the result that the type of
shock considered matters for the transmission of shocks via financial markets
and the role of balance sheet exposure and price equalization therein. Fur-
thermore, the analysis has shown that given financial market integration, a
situation in which agents hold less foreign equity shares than optimal can en-
tail welfare losses, also compared to a setting in which financial markets are
closed. A possible implication of this finding is that barriers in international fi-
nancial markets which deter agents from diversifying optimally can be welfare-
reducing.

A unique feature of the model developed in this paper, is that the portfolio
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choice decision is undertaken by financial intermediaries, not by households.
The analysis conducted in section 4.1 provided evidence that this is relevant for
international portfolio choice. This feature definitely deserves further attention,
as it might help reconciling theory with empirical evidence on home bias in
international portfolio holdings and low consumption risk sharing.
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Figure 4: Impulse responses to a -5% home technology shock (dotted red line: fi. market
autarky; solid blue line: full home bias, i.e., a” = 0; dashed black line: optimal portfolio,
ie,af =0.54) 28
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