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Abstract

This paper studies the stabilisation properties of different exchange rate policies in
a small open economy with cross-border balance sheet interdependence. The model
features price and wage rigidities, credit frictions a la BGG (1999) both between house-
holds and banks and between banks and entrepreneurs, as well as international financial
linkages a la Ueda (2012). I find that, overall, the argument in favor of flexible ex-
change rates holds irrespectively of the degree of financial integration. In fact, for all
shocks considered, a fixed exchange rate policy delivers larger output losses and higher
volatility of real and financial variables. Furthermore, my results reveal that the cost
of pegging the exchange rate is inversely related to the degree of financial integration.
Finally, I find that the presence of financial linkages increases the trade-off between
inflation and output volatility faced by the central bank of a small open economy.
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1 Introduction

Understanding the role of banks in cross-border finance has become an urgent research pri-
ority since the onset of the global crisis, as issues related to cross-border banking have played
a central role in its origin and propagation. While the tightening of financial linkages is a
worldwide phenomenon, it gained particular importance for the ex-members of the Soviet
Union which joined the European Union in the enlargement waves of 2004 and 2007. Since
the beginning of the transition process, financial integration between Eastern and Western
Europe increased at a fast pace, especially in light of prospects of EU membership. In recent
years, the degree of interdependence between old and new EU members increased markedly,
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particularly with the intensification of cross-border ownership in the banking sector. Accord-
ing to a study performed by the Committee of the Global Financial System (CGF'S, 2010),
in 2007 foreign bank participation, measured as consolidated lending of foreign banks as a
share in total non-bank lending, amounted to 85% in Central and Eastern Europe compared
to 45% in Western Europe.

The drawbacks of financial interdependence became evident during the financial crisis.
As the new EU member states weren’t directly exposed to toxic assets, in a financially
autarkic world they would have been hit by the crisis through exchange rate and external
demand effects. However, given the high degree of financial interdepence with Western
Europe (in turn heavily connected to american banks), the new EU member states got
dragged in the spiral and suffered major losses in terms of GDP growth. In particular, the
greatest magnitude of the economic downturn was observed in countries which adopted a
pegged exchange rate regime: while in the Baltic countries GDP growth declined by more
than 14% in 2009, in the Czech Republic and Hungary the decline was more modest (in the
neighborhood of -5%), and Poland managed to achieve positive GDP growth. Motivated
by this background, this paper studies the interplay between exchange rate regimes and
financial integration in a two-country, general equilibrium setting characterized by real and
financial frictions.

The recent global downturn led academics and practitioners to reinterpret a strand of
literature dealing with imperfections in financial markets, pioneered by the seminal contri-
butions of Carlstrom and Fuerst (1997), Kiyotaki and Moore (1997) and Bernanke, Gertler
and Gilchrist (1999). These papers focused on the role of asymmetric information in credit
contracts between borrowers and lenders in amplifying economic fluctuations in response
to shocks (the so called financial accelerator mechanism). In their framework, asymmet-
ric infomation arises from the impossibility of lenders to adequately monitor borrowers: as
borrowers have the incentive to misreport the outcome of a project, lenders are forced to
verify the borrowers’ output, incurring a monitoring cost. Breaking the Modigliani-Miller
theorem, they show that the cost of external finance is positively related to borrowers’ lever-
age and default probability. Hence, asset prices and borrowers’ net worth play a key role
in determining the cost of funds, giving rise to a self-reinforceing mechanism in response to
shocks.

The recent literature explored the effect of financial fricitons in New Keynesian general
equilibrium models in various directions, two of which are particularly relevant for the present
study. On one side, a great number of studies concentrated on the monetary policy impli-
cations of financial frictions, both in closed! and open economy? context. In the latter case,
particular attention has been devoted to the choice of exchange rate regime in economies
characterized by liability dollarization, a feature common to many emerging economies which
implies an explicit role of exchange rate fluctuations on borrowers’ balance sheets, thereby
amplifying the effect of a shock with devaluation pressures on the domestic currency. This
literature concludes that, in the presence of credit frictions, a flexible exchange rate regime
delivers better stabilization in event of foreign shocks. Moreover, the presence of liability
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dollarization increases the cost of a fixed exchange rate even further.

On the other hand, studies have begun to appear embedding banking linkages in macro-
economic models of the New Open Economy Macroeconomics paradigm and largely focused
on explaining international business cycle co-movements.®> These studies affirm the impor-
tance of international financial linkages for the syncronization of business cycles. Further-
more, they highlight the role of financial frictions in reinforceing the international transmis-
sion of real and financial shocks.

This study aims at bridging the gap between these two strands of literature, and analyzes
the stabilization properties of different exchange rate regimes in a small open economy ob-
tained as a limit of a two country DSGE model, characterized by internationally operating
banks subject to balance sheet constraints. To this end, I augment a two country version of
the standard new keynesian DSGE model with price and wage rigidities (Smets and Wouters
(2003), Christiano et al. (2005)) with chained credit contracts and cross-border loans fol-
lowing Ueda (2012). My analysis has multiple purposes. First, I analyze the transmission
mechanism of foreign real and financial shocks under different exchange rate regimes and dif-
ferent degrees of financial integration. Second, I explore the implications of financial linkages
for the ranking between fixed and flexible exchange rate regimes: in particular, I examine
whether the stabilization properties of each exchange rate regime are affected by the degree
of financial integration. Finally, I look at the implications of international financial linkages
for the output-inflation trade-off faced by a small open economy’s monetary policy authority.

My analysis differs from previous studies mainly because it examines exchange rate pol-
icy in a world where even country-specific shocks generate positive international business
cycle co-movements, obtained by modeling explicitely cross-country balance sheet interde-
pendence. While in the literature analyzing exchange rate regimes in financially dollarized
economies the degree of financial dollarization is taken as a proxy of financial interdepence,
issues related to international spillovers through direct bank exposure to foreign borrowers
are discarded. In a small open economy context, this rules out the analysis of foreign finan-
cial shocks, while in two country models, it limits the transmission of these shocks to real
channels. In fact, in this context, the foreign financial shock feeds to the domestic economy
only to the extent that changes in foreign investment and output alter international relative
prices and demand, and trigger a reaction of the domestic central bank. In a model with ex-
plicit financial linkages, a second direct effect is present. A foreign financial shock is directly
transmitted to the domestic economy, as domestic banks and lenders are involved in lending
contracts with foreign agents. Furthermore, in this context the exchange rate plays a role
in the balance sheets of banks and entrepreneurs in both countries, giving rise to additional
inter-country dynamics.

Overall, T find that the existence of financial linkages does not alter the ranking between
flexible and fixed exchange rate regimes. In particular, in response to negative real and
financial shocks, a flexible exchange rate delivers smaller decline in output and lower volatility
of real and financial variables, irrespective of the degree of financial integration. Furthermore,
the degree of financial integration matters within a flexible exchange rate regime, but not
within a fixed exchange rate regime. Under a flexible exchange rate regime, higher financial
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interdepence generates a stronger transmission of the foreign shock and leads to larger output
and investment effects. The difference in the responses between financial integration regimes
in less pronounced in the case of fixed exchange rate regime.

2 Literature Review

In recent years, many economists have explored the implications of imperfections in credit
markets for monetary policy in small open economies and for the international transmission
of shocks?.

The analysis of the role of financial market imperfections in originating and transmitting
business cycle fluctuations has become the subject of a large body of economic research. The
majority of studies models credit market imperfections assuming the presence of asymmet-
ric information between borrowers and lenders that generate an incentive for borrowers to
misreport the outcomes of their project, making it costly for lenders to verify the quality of
firms’ investment (Carlstrom and Fuerst (1997), Bernanke et al. (1999)). In this framework,
internal and external finance are no longer substitutes, and borrowers are charged with an
external finance premium tied to their balance sheet conditions. Therefore variables like net
worth, leverage and borrowers’ default probability play a key role in determining the cost of
external funds, as opposed to the case of perfect credit markets.?

In the context of small, open, emerging market economies, issues as vulnerability to
external shocks, limited access to credit and foreign currency borrowing are particularly
relevant, and have been incorporated in New Keynesian open economy models framework in
order to study their monetary policy implications, with a particular focus on the choice of
exchange rate regime. Although the insulating properties of flexible exchange rate regimes
have been advocated since the times of Friedman (1953) and Mundell (1960), researchers
started to question the validity of this claim in the presence of credit frictions and liability
dollarization. While in a non-dollarized economy exchange rate movements affect primarily
aggregate demand through a change in relative prices, when debt is denominated in foreign
currency an additional balance sheet effect arises, which increases the domestic currency value
of debt in case of a depreciation, increasing leverage and reducing investment. Therefore,
the negative balance sheet effect offsets the expansion of aggregate demand brought about
by the currency depreciation and, if it prevails, it offers an incentive for the central bank
to limit exchange rate fluctuations adopting a pegged exchange rate. Cespedes, Chiang
and Velasco (2004) explore the stabilization properties of fixed and flexible exchange rate

4In the literature, financial market imperfections have been introduced either in the form of collateral
constraints (Kiyotaki and Moore (1997)) or assuming asymmetric information between borrowers and lenders
leading to the existence of a premium on external finance (Carlstrom and Fuerst (1997), Bernanke et al.
(1999)). In what follows, I concentrate on the latter approach since it is the focus of the presented model.
Brzoza-Brezina et al. (2011) compare the properties of the two approaches in a consistent way, and find
that the business cycle properties of the external finance premium framework are more in line with empirical
evidence.

’Estimated DSGE models provide quantitative evidence in favor of the financial accelerator, and find
that its presence improves the ability of models to capture the dynamics observed in the data (Elekdag et
al.(2005), Christensen and Dib (2008) and Saxegaard et al. (2010)). Furthermore, Christiano et al. (2010)
affirm the importance of financial shocks in accounting for a subtantial portion of economic fluctuations.



regimes in a dynamic general equilibrium model of a small open economy characterized by
a financial accelerator and liability dollarization, concluding that, although balance sheet
effects magnify the effect of external disturbances, a flexible exchange rate is still successful
in insulating the economy from external shocks. This happens because adverse external
shocks call for a real devaluation: while in case of flexible exchange rate this is achieved
through a nominal devaluation that leaves real wages and employment unaffected, under a
fixed exchange rate regime the real devaulation is obtained through deflation, which increases
real wages and unemployment, thereby leading to a larger drop in investment and welfare.
The superior stabilization properties of flexible exchange rates are confirmed by Devereux
et al. (2006), which subect their small open economy to foreign interest rate and terms
of trade shocks. However, their conclusion crucially hinges on the degree of exchange rate
pass-through. With high pass-through, stabilizing the exhange rate implies a high trade-off
between output and inflation volatility, since it requires a stronger interest rate response;
when pass-through is low, exchange rate movements do not have a strong destabilizing effect
on the price level and it is better for the central bank to focus on stabilizing inflation, while
allowing for the currency to float. In a similar framework, Gertler et al. (2007) explore the
issue of whether the exchange rate regime influences a country’s response to a financial crisis,
defined as an exogenous increase in the country’s risk premium. They find that while the
financial accelerator amplifies the effect of the shock, it does not alter the ranking between
fixed and flexible exchange rate regimes: in particular, they find that the effect of the financial
accelerator is more muted with a floating currency. Concerning liability dollarization, they
conclude that, although it lowers the attractiveness of a flexible exchange rate, this still leads
to a smaller output drop. While these papers treat the foreign economy as exogenous, Batini
et al. (2007) study the monetary policy implications of increased degrees of financial frictions
and dollarization in a small open economy obtained as the limit case of a two-country DSGE
model and characterize the optimal monetary policy in this setting. They conclude that
the financial accelerator has a larger impact on the performance of monetary policy rules
than the presence of liability dollarization: in particular, targeting the exchange rate is not
optimal, as exchange rate movements attenuate the effect of financial frictions. Furthermore,
the cost of pegging the exchange rate increases with the degree of financial frictions.
Models with frictions in credit markets have also been used to explore the role of financial
markets in the international transmission of shocks and international business cycle correla-
tions. While increased business cycle co-movement has been observed even when countries
are hit by asymmetric shocks, this result does not emerge from traditional open economy
models (see for example Gali’ and Monacelli (2002)). In fact, in these models the inter-
national transmission of shocks happens through international trade and demand switching
effects. In a series of papers, Faia (2001, 2002, 2007, 2010) extends the financial accelerator
model to a two country framework, and finds that credit frictions enrich the international
transmission mechanism with an "indirect financial spillover effect" which can be strong
enough to offset the expenditure-switching effect and yield a wide range of business cycle
correlations. In particular, Faia (2002) finds that the magnitude of the financial spillover
effect increases with the degree of financial similarity between countries, leading to positive
business cycle correlation®. In a similar framework, Gilchrist (2003) explores the role of

In a later paper, Faia (2007) explores the effect of different monetary policy rules (currency union, uni-



financial leverage in the international transmission of shocks. Specifically, he focuses on the
transmission of shocks from developed countries (characterized by lower levels of leverage)
and developing countries (highly leveraged). His results suggest that, not only slowdowns in
economic activity are severely amplified by financial frictions, but high-leverage economies
are particularly vulnerable to external shocks, and that asymmetries between lending con-
ditions across economies provide a strong source of transmission for shocks from developed
to developing economies. Concerning the interplay between financial frictions and exchange
rate regimes in a similar model, Faia (2010) argues for the superiority of a floating exchange
rate in isolating a country from foreign shocks. Furthermore, the desirability of a floating
currency is enhanced by the presence of financial frictions: not only the output-inflation
trade-off is steeper when the currency is pegged, but its intensity increases with the degree
of credit frictions. While this modeling approach offers interesting theoretical insights on
the role of financial frictions in altering the international transmission of shocks, it still fails
on empirical grounds, to replicate observed business cycle correlations. Alpanda and Aysun
(2012) estimate a model in the spirit of Gilchrist (2003) and Faia (2010) with Bayesian meth-
ods in order to test its ability to reproduce Euro Area responses to US shocks. They find
that the model is able to generate meaningful business cycle correlations only when allowing
for correlated shocks across countries.

Extending the framework of an increasing number of studies incorporating a banking
sector is standard DSGE models’ to an open economy setting, a recent strand of literature
proved successful in producing models capable of accounting for the observed business cycle
correlations and international transmission of country-specific financial shocks. Motivated by
the large observed cross-country spillovers of financial shocks during the financial crisis, many
studies have appeared embedding international financial linkages in two country models of
the New Keynesian paradigm (Mendoza and Quadrini (2009), Davis (2011), Kollmann et al.
(2011), Yao (2012), Ueda (2012), Dedola, Karadi and Lombardo (2012)). The key feature
of these models is the simultaneous presence of frictions in credit markets, and financial
institutions engaged in cross-border lending. In this setting, international credit contracts
generate cross-country financial interdependence, as balance sheet conditions of borrowers
in one country will affect financial institutions in any country financially linked to it. On
one side, international lending consitutes an additional channel through which foreign shocks
are transmitted. While in case of financial autarky, say, a foreign monetary policy shock is

lateral peg and inflation targeting) in a similar model with financial differences. She finds that international

business cycle synchronization is enhanced in a currency area compared to an independent policy regime.
Furthermore, under the unilateral peg, the business cycle co-movements are very close to the ones arising
under the currency area.

"The recognition of the key importance of the banking sector in originating and propagating shocks led
many researchers to model financial intermediation in closed economy DSGE models. A non-exhaustive list
of such studies includes Hirakata et al. (2009), Davis (2010), Meh and Moran (2010), Dib (2010), Gerali et
al. (2010), Christiano et al. (2010), Gertler and Karadi (2011), Rannenberg (2011). Estimated versions of
these models reveal their ability to fit the data (especially financial variables) quite well and that banking
sector shocks are important in explaining macroeconomic fluctuations (Hirakata et al (2010), Villa and Yang
(2011)).



transmitted internationally to the extent that it alters bilateral exchange rates, relative prices
and international demand patterns, in a financially integrated world it has an additional
direct effect through its impact on the banking sector and on lending rates in any country
borrowing from on the one where the shock originates. On the other hand, modeling financial
linkages explicitely allows to study the inter-country transmission of financial shocks, which
directly impact other countries through cross-border financial exposures. Adopting different
modeling approaches, these studies broadly affirm the importance of cross-country banking
exposures in the propagation of country-specific real and financial shocks. Compared to
the case of financial autarky, the interdependence of balance sheet conditions resulting from
cross-border banking activities yields larger co-movement of business cycles and a stronger
spillover of disturbances.

3 Model

The model portrays two countries with symmetric structures but different sizes.It is assumed
that the home country (denoted by the superscript H) is of size n, while the foreign country
(F) is of size (1 — n), where n € [0,1]. In the calibration, I set n — 0, allowing me
to model the Home country as a small open economy while still allowing for trade and
financial linkages. On the real side, the two economies are characterized by imperfectly
competitive product and labor markets, coupled with Calvo pricing and wage setting whose
implied inefficiencies warrant an explicit role for monetary policy. Each economy produces
a variety of internationally traded intermediate goods, where the total number of producers
is normalized to unity, so that n firms are located in the Home country, while the remaining
fraction resides in the Foreign country. While international financial markets are complete
from the point of view of households, implying that the real exchange rate is related to the
ratio of marginal utilities of consumption, credit markets are characterized by frictions at
different stages of the intermediation process, in the spirit of Ueda (2012). In particular, in
each country a continuum of financial intermediaries lends to entrepreneurs in both countries
and finances its loan portfolio by collecting deposits from domestic and foreign households.
The presence of asymmetric information between households and financial intermediaries and
between financial intermediaries and entrepreneurs implies a costly state verfication problem
leading to an optimal contract whereby the cost of external finance is tied to balance sheet
conditions. Hence, in contrast with the standard model of the financial accelerator model,
the leverage of financial institutions, together with that of entrepreneurs, plays a role in
determining the tightness of credit conditions in the economy. Furthermore, integration in
international credit markets implies interdependency of credit conditions between countries,
strenghtening the degree of business cycle correlation, as shown by Ueda (2012).



3.1 Households

In each country the preferences of the representative household are represented by the utility

function:
= L (C—hC )7 H!?
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Where C; and H,; are composites of consumption goods and labor services respectively,
and h is the degree of consumption habit formation. The consumption index C' is a Cobb-
Douglas aggregate of home produced (Cp ;) and imported (Cr;) goods, where v is the share
of domestic good in the consumption basket of Home households:
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As in De Paoli (2009) and Corsetti and Miiller (2011), I assume that the relative weight
of domestic and foreign goods in the consumption bundle is a function of the relative country
size and the degree of trade openness. In particular, I assume (1 — ) = (1 — n)\, where
A € (0,1) is the openness parameter: when A = 1 there is no home bias, and the share of
imported goods in consumption equals (1 —n). A similar specification holds for the Foreign
economy, where the aggregate consumption bundle is

Ct:
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and v* = n\.® Hence, in the limit case when the Home economy becomes small (n — 0),
v — X and v* — 0, the Foreign country becomes closed, but, as long as A > 0, the Home

country consumes Foreign goods.
The consumption sub-indices Cr¢, Cpy, Cf;, and Cf, are in turn aggregates of interme-

diate goods produced in the Home and foreign country, i.e.:
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Where € > 0 is the elasticity of substitution between different varieties of intermediate
goods. The price indices corresponding to the consumption bundles in the two countries are,
respectively:
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8Here I follow a notation whereby subscripts refer to the country where the good is produced (H or F).
The presence (absence) of an asterisk indicates that the good is consumed or used as an input in the foreign
(domestic) country.
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Households choose the optimal allocation of expenditure between domestic and imported

consumption goods solving an expenditure minimization problem, which results in the fol-
lowing optimality conditions:

o (B2 (52)
om0 ()" (%) e

Following Schmitt-Grohé and Uribe (2006), I assume the existence of a continuum of labor
markets of measure 1 indexed by ¢ € [0, 1], in each of which wages are set by a monopolis-

tically competitive union facing downward sloping labor demand, given by (WV;—(:))_ ’ HY,

where W (i); denotes the wage set by the wage union for the i — th labor market, H¢ denotes
labor demand by firms, €, represents the elasticity of substitution between different labor
types, and the aggregate wage prevailing in the economy is given by

W, = { /0 1 Wt(@')l—swdz} o (5)

Given the contracted W;(i), the union is assumed to supply enough labor to satisfy

. —Ew
demand, i.e. Hy(i) = (WI;/—(;)) H¢. This condition, coupled with the requirement that the

total labor supply satisfies the market clearing condition H; = fol Hy(i)di, yields:

The union then takes W, and H¢ as given and sets the optimal wage W;(i) so as to equate
the union’s expected average marginal return with the marginal cost of supplying labor.
However, in doing so the union faces nominal rigidities in the Calvo fashion. Specifically, in
each period the wage can be optimized only in a fraction (1 — 6") of labor markets. In the
remaining fraction 0“ the real wage is indexed to past inflation and it is therefore given by:

Wi(i) = Wit (1)1

The reoptimizing union sets the optimal wage W;(i) so as to maximize:
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9In what follows I drop the index (i) as all firms allowed to reoptimize in a given period set the same
wage.



Where the first term in parenthesis represents the marginal gain for the union of supplying
an extra unit of labor, and the second term represents the marginal disutility of doing so.
The first order conditions can be formulated in the following recursive fashion:

~ ew—1
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It follows from (5) and staggered wage setting that the law of motion of the aggregate

wage is'':

1
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Besides labor income, households receive dividends from ownership of domestic firms and
returns from their investments in domestic and international asset markets. Households have
access to a complete set of internationally traded Arrow-Debreu securities. They acquire a
portfolio B(s;y1) of real state-contingent securities, each of which pays one unit in ¢ 4 1
at the occurrence of the state of nature s;.;, which carries the pricing kernel m(s;i1|s).
Furthermore, they can invest in real deposits in Home or Foreign financial intermediaries
(denoted respectively D; and D;)'', which yield a one period return of D;R; and D} R;.

The budget constraint of the representative household in the Home country can then be
formulated in real terms as:
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Where ¢, = S}ft* is teh real exchange rate. The first order conditions deriving from

the household’s optimization problem define the optimal intertemporal consumption path
and labor supply which, denoting as y, the Lagrange multiplier associated with the budget
constraint, are given by:

10Gtaggered wage setting implies an inefficient wage dispersion, arising from the fact that wages are not
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set simultaneously. The law of motion of such wage dispersion, defined as A, ; = fol ( ) di, is given

by:
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So that the effective labor supply is H; = AHt -

11 Although deposits are redundant, their presence is needed as they are demanded from domestic and
foreign financial institutions, and necessary to satisfy the market clering conditions in the general equilibrium.

For a similar specification, cfr. Faia (2002 777 ©
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Where equation (12) results from maximization with respect to bonds and deposits. In
particular, it states that the price of the state contingent portfolio relates to the changes in
marginal utility of consumption and that, in equilibrium, the expected return of the state
contingent portfolio has to equal that of deposits (arbitrage condition). Note that in the
absence of staggered wage setting, (13) reduces to a standard labor supply equation.

An analogous utility maximization problem applies in the Foreign economy. In particular,
the Foreign counterpart of equation (12) reads:
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From (12) and (14) I obtain:
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From which an expectational version of the uncovered interest parity condition results:
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3.2 Production

There exist a continuum of monopolistic intermediate good producers in each country, in-
dexed jg and jp respectively. Each producer operates under monopolistic competition and
is owned by households, with the demand for its products given by:

(PG "
MJH)—(—H;IZH)) Y,

Producers use capital and three types of labor inputs (H;, HY and H}', supplied re-
spectively by households, entrepreneurs and bankers) to produce differentiated goods. The
production function for domestic intermediate good producers is given by:

Y; () = AKE () H ()00 BE () JE ()00 (a7)
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Where « is the share of capital in production, 25 and 2z are the shares of entrepreneurial
and bankers’ labor in production. Cost minimization implies the following standard factor
demand functions, where 7 denotes the rental rate of capital:

Y,
W, = MC;/(1-a)(1 —QE—QF)# (18)
t
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t
Y,
ri = MC’ta?t (21)
t

3.3 Price setting

Price setting is staggered. In each period, only a fraction (1 — fy) of firms are allowed to
reset their price optimally. The fraction 5 that is not allowed to optimize in each period
sets the price equal to that prevailing in the previous period, indexing it to past infation at
a rate v, and to the steady state inflation rate at rate (1 — vp). Hence, denoting as PH,t the
optimal reset price, the law of motion of the domestic good price evolves as:

1
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The firm then chooses the optimal price PH,t( JH) SO as to maximize the discounted sum
of future real profits. Hence, each producer maximizes:
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The first order conditions can be written in a recursive manner as follows:
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3.4 Capital goods producers

Capital producers operate in a regime of perfect competition. In each period, they combine
investment goods (I;, with price P/) and old undepreciated capital ((1 — §) K}, purchased
from entrepreneurs at price Qg ;) to produce new capital goods, which will be sold at the
real price Qp;. Investment is subject to adjustment costs, represented by the function

o, = & ( yPari 1) (Smets and Wouters (2003)). Capital producers choose the optimal

2
amount of investment!'? so as to maximize the following profit function:

{Z prlek P (@114 Prain (1= 6) Ko+ (1= @) Ty — Kig) — PH,MIM]}
=0 My LHt+k

The first order condition with respect to I; yields:

k [ I 2 I Iy
R L e I R Y
it [ 2 (Itl ) " (It 1 ) ([tl)

Where qp; is the real price of the capital stock defined as 5—- QH

A Iy Iy
E -1
+8 t{ A, qH,t+1 [ ( 1, 1,

t . The law of motion of the

economywide capital stock is:

I, 2
Koj=|1—2(—=_1
e

3.5 Entrepreneurs, banks and international lenders

L+(1-0K,

Credit markets are characterized by chained cedit contracts in the spirit of Hirakata et al.
(2009) and Ueda (2012). Entrepreneurs in a given country borrow from domestic and foreign
financial intermediaries (banks) to finance capital purchases. In turn, financial intermediaries
in each country borrow from domestic and foreign investors in order to finance their loan
portfolio. The presence of financial frictions in both contracts (i.e. between entrepreneurs
and financial intermediaries and between financial intermediaries and international investors)
makes the external finance premium faced by entrepreneurs in each country dependent on
balance sheet conditions in the other country.

In each country a continuum of entrepreneurs purchase unfinished capital goods from
capital producers and transform them into finished capital goods through a stochastic tech-
nology. Capital is then rented to firms at the rental rate rX. Entrepreneurs finance capital
purchases partly using their own net worth (NN WH,t) and partly borrowing from domestic

12The investment bundle has a similar composition as the consumption bundle, and can therefore be
defined as:

Y oyl=v
T ilry

 p— e
V(A=)
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and foreign financial intermediaries. Specifically, entrepreneurs in the home country use a
fraction (1 — 75 ) of net worth to borrow from home intermediaries and purchase an amount
(1 — TZ) QK of capital, and a fraction 74 to borrow from foreign intermediaries and
purchase T%Q K HF’t.l3 Entrepreneurs in the foreign economy behave analogously. The
credit contract is characterized by asymmetric information in the spirit of Bernanke, Gertler
and Gilchrist (1999).

Denote Rf;, and Rfjp, the expected return from capital investment of home entrepre-
neurs borrowing from domestic and foreign financial intermediaries respectively. The return
to capital is made of the return from selling capital to production firms and the return from

selling undepreciated capital to capital producers'*:

Ttl( -+ (1 — (5) QH,t

RgH’t B Q-1
RE _ Ttl( + (]‘ - 5) QH,t
e Q-1

3.5.1 Contract between financial intermediaries and entrepreneurs

Let us consider the problem of financial intermediaries in the home country, which stipulate
credit contracts with entrepreneurs in the home and foreign country.

Entrepreneurs in the Home country owns net worth NW} , and uses a fraction (1-7%)
of it to finance a capital expenditure of (1 — Tfl) Qu+Kum:. Hence, the Home entrepreneur
borrows an amount given by L% Hi = (1 — T%) (Q atKpme — N Wgt) from domestic finan-
cial intermediaries. Entrepreneurs borrowing in the Home country are subject to a stochastic
shock wijp 4,1 so that the return to capital is Rfjy Wiy ,yq-'” Foreign entrepreneurs bor-
rowing from domestic financial intermediaries behave analogously, using a fraction 7% of
their net worth NW, to borrow Ly, = 74 (QreKrus— N Wﬁt) from domestic financial
intermediaries, and they are characterized by the stochastic technology w Hitl:

The optimal contract (see Calstrom ad Fuerst (1997)) specifies a state-contingent loan
rate Z7, ., and a threshold @[, ,, such that for realizations w/,,, > @[, entrepreneurs
repay the loan at the contractual rate and keep the remaining proceeds of their investment,
while for realizations wf;j’t 1 < wgt 11, entrepreneurs default on their debt, financial interme-
diaries pay a monitoring cost to verify entrepreneurial output and seize the entrepreneur’s
remaining assets, leaving the defaulting entrepreneur with a zero payoff. It is then possible
to define the threshold productivity level as the minimum realization of productivity that

BIn what follows, the subscripts ,j = H, F refer, respectively, to the nationality of the agent and the
origin of the loan. Furhtermore, the superscript E pertains to entrepreneurs, while F' denotes financial
intermediaries. Therefore, RE . denotes the return to capital for entrepreneurs in country H borrowing from
country F.

4 Note that capital is homogeneous within each country. The notation Kgyy and Kgyp is introduced
for convenience in the calulations, but within each country there is one capital stock (which results from
aggregating the quantitites purchased by the two types of entrepreneurs) and one asset price Q.

15 As in Bernanke, Gertler and Gilchrist (1999) T assume that the stochastic shock is iid across entrepreneurs
and time, and follows a log-normal distribution with density f(-) and cdf F(-) and E(w) = 1.
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allows entrepreneurs to repay their debts. For domestic and foreign entrepreneurs borrowing
from Home financial intermediaries the thresholds (Wf ., and @gy, ) are defined as:

g R QuaKnne = Zhy 1 (QuaKuny — NWE,)
WFHt+1RFH i1 QF i Krms = ZFH 41 (QFtKFHt — NWFt)

Where the left hand side represents the return to the entrepreneur corresponding to
productivity level wl] ++1, and the right hand side represents the required repayments on the
contracted loan.

The expected returns of Home and Foreign entrepreneurs from the contract with domestic
financial intermediaries are given, respectively, by:

oo

o0
E\ pE E E E - E E
(1 - TH) RHH,t—&—lQH,tKHHJ [/E WHH,t+1f(WHH,t+1)dWHH,t+1 —WHH+1 /E f(wHH,t—i-l)deH,t—i-l]
WHH,t+1 WHH,t+1

oo o0
EpE E E E E E E
TFRFH,t—f—lQF,tKFH,t [/E wFH,t—I—lf(wFH,t+1)dwFH,t+1 WEH 41 /E f(WFH,t+1)dWFH,t+1]
WEH t+1 WEH t+1

Which, defining

0 0

E (~E E cHHeL g B chiee B E

Uin (WHH,t+1) = WHH+1 1- / f(WHH,t+1)dWHH,t+1 +/ wHH,t+1f(wHH,t+1)deH,t—f—l
Ex (~E -E

Ui (WFH,t+1) = WrHi+1 (

WEHt+1 WEHt+1
E E E E E
1- / f(WFH,t+1)dWFH,t+1> +/ WFH,t+1f(WFH,t+1)dWFH,t+1
0 0

can be rewritten as:

[1 - FgH (‘DgH t+1)] (1 - Tg) RI]_?IH,t—i-thKHH,t
[1 F ( WrH t+1)} TgRgH,tHQF,tKFH,t

Where [1 — PE ( it +1)] represents the share of payoff captured by the entrepreneur, i.e.
the payoff from her capital investment minus loan repayments multiplied by the probability
that the entrepreneur does not default'®.

Entrepreneurs engage in the debt contract only if the expected return of doing so is at
least equal to the payoff they would obtain if they invested only their own net worth. Hence,
the following participation constraints for domestic and foreign entrepreneurs have to hold:

16Recall that given a pdf f(w fo w)dw = Pr(w < @), which in this case corresponds to the probability

of default, and f(‘f wf(w)dw = E(w|lw < @). Furthermore, recall that the payoff of defaulting entrepreneurs
is zero.
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[1 FHH (WHH t+1)} RIL?IH,tJrlQH,tKHH,t > RgH,t+1NWI§,t (26)

[1 - F}!]?:H (@gH,t-i-l)} RgH,t-s—lQF,tKFH,t > RIEH,t-i-lNngt (27)

The expected payoff of the domestic financial intermediary from lending to home entre-
preneurs is given by the loan repayment in the case the entrepreneur does not default and by

the remaining payoff of the entrepreneurs minus monitoring costs in case the entrepreneur
defaults:

ZEH,t—f—l (1 - Tf]) (QH,tKHH,t - NWgt) [ Oz f<WEH,t+1)dW€1H,t+1] +

HH t+1 —
5 =
(1 - Tf]) RgH,t+1QH,tKHH,t [(1 - MH) e wHH,t+1f(w§H,t+1)dng,t+1:|
o
B\ oop Oy w1 ol f(w§H,t+1)dW§H,t+1+
= (1 - TH) RHH,H-lQH,tKHH,t OBhir B 5 dE
( - NH) WHH,tHf(WHH,tH) WHHt+1

Denoting:

E (-E E CHH b1 E E CHIHL E E
Uhn (WHHJ-H) WHH,+1 1- / f(wHHJ—l—l)deH,t-&-l + / wHH7t+1f(wHH,t+1)deHﬂH-l
0 0

w
G @)= [ F @)ty
HH \WHHt+1 WHHt+1 HH t+1 HH t+1
0

Defining

P (‘DgH,t—l—l) =Ty (ng,tH) — upGh (@le,tH)
as the share of payoff of Home entrepreneurs borrowing from Home financial interme-
diaries that is captured by Home financial intermediaries, made of the share of expected
payoff not retained by entrepreneurs (I'5 (szl Hi +1)) minus the expected monitoring cost

the financial 1ntermed1ary has to incur if the entrepreneur defaults (15 G5 (05 Hi +1)); Lcan
write more compactly!’:

(1- Tg) RgH,tHQH,tKHH,t‘I)E (@5H,t+1) (28)

The financial intermediary in the Home country will engage in the contracts with domestic

and foreign entrepreneurs only when the payoff of doing so (e.g. the expected earnings of

the loan portfolio) will at least be equal to the return the intermediary expects to receive,
denoted R 1. Hence, the following participation constraint has to hold:

_ Et+1
(1 - TIJ—EI) REIH,t+1QtKHH,tq) (wfIH,t+1) + TFRFH 1 ; QFtKFth) (WFH t+1) (29)

= Ry 41 [(1=7%) (QuiKpm: — NWH,t) + 7ree (QraKrms — NWF,t)]

17 Analogous expressions hold in the contract stipulated between Home financial intermediaries and Foreign
entrepreneurs.
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3.5.2 Contract between financial intermediaries and international investors

The contract between financial intermediaries and lenders is similar to the one just de-
scribed for entrepreneurs: only, in this case, the financial intermediary is the debtor party
in the credit contract. Let us still consider the point of view of financial intermediaries
in the Home country. Financial intermediaries are endowed with net worth NWj, and
stipulate credit contracts with domestic and foreign lenders (households) in order to fi-
nance the part of their loan portfolio exceeding net worth. Given the amount of loans
granted to home and foreign entrepreneurs, the domestic financial intermediary borrows
LZJ = [(1 - Tg) (QH,tKHH,t - ngﬂf) + Tgé?t (QF,tKFH,t - NWI{“E,t)} - NWg}t. In partic—
ular, the financial intermediary uses a fraction (1 — 7%;) of its net worth to borrow from
domestic lenders and a fracion 74 to borrow from foreign lenders, and uses profits from
its loan portfolio to honor its debts. Each financial intermediary is subject to an idiosyn-
cratic itd productivity shock wf;t 41, so that the effective return to its assets is given by
wf]f’t HRf ++1- The financial intermediary stipulates two credit contracts, one with domestic
and one with foreign lenders'®, which determine the contractual lending rate for domestic
(foreign) borrowing Zf,1(Zfip,,,) and the default thresholds &frpy 1 (@fp41):

@ZH,t-s-le,Hl [(1 - Tfl) (QH,tKHH,t - NWI?,t) + ngt (QF,tKFH,t - NWI{‘E‘,t)} = ZfIH,tHLZ,t
(30)

@HF,t+1R§,t+1 [(1 - Tf]) (QH,tKHH,t - NWI?,t) + ngt (QF,tKFH,t - NWI{‘E‘,t)} = ZfIF,t+1L§,t
(31)

Once again, if wf;)t 41 = a;f;i 41 the financial intermediary does not default and keeps the
profits after honoring its debt; if wf;,t 4 < @57,5 41the financial intermediary goes bankrupt,
and lenders incur a monitoring cost in order to seize the bank’s remaining assets. The
expected payoff of the financial intermediary from the debt contract can be expressed as:

{ (1- T§>R§,t+1 [(1 - T%) (QH,tKHH,t - NWg,t) + Tget (QFiKFHJ - Nngt)] ' }

x — oo
fng - WZH,tJrlf(ng,tJrl)dng,tJrl - ng,tJrl fng - f(WZH,tJrl)deH,tJrl

{ T§R§,t+1 [(1 — Tff) (QH,tKHH,t — NW}?J) + 7'1%:51: (QF,tKFH,t - NW%)} : }

f;; WII:IF,tJrl f(wZF,tJrl)deF,tJrl - ng,t+1 f;l? f(ng,tJrl)dng,tJrl

HF,t+1 HF,t+1

As in the previous case, lenders participate in the contract only if it is worthy to do so.
In particular, lenders in each country require that lending funds to financial intermediaries
yields an expected return at least equal to what they would obtain by investing funds in the
risk-free asset. The participation constraints of domestic and foreign lenders in the contract
with home financial intermediaries are respectively:

18 As in te previous section, I use the subscript ij, 7,7 = H, F to denote a financial intermediary in country
1 borrowing from lenders in country j.
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(1—75)RE { [(1=7%) (QuiKuny — NWE,) + 75e (QreKpuy — NWE,)] - } (32)
e [FF (@fIH,tJrl) - NfIHGF (QEH,tH)}

Z Rt(l — TZ) [(1 — Tg) (QH,tKHH,t — NWI?,t) + Tgfft (QF,tKFH,t — NW£t> — NWII;’t]

i { 07 78) Quclmme” NV b e @nultone = NWE]-
’ [F (WHF,t+1) — ugrG (WHF,t—f—l)}
> Ry~ (U= 5) (QuaKome = NWE) + 7he QK = NWE) = NWH]
(33)

3.5.3 Optimal contract

The optimal contract is characterized by the levels of capital investment (Kpyy+ and Krpy),
and the threshold values @y 1, g1, @Fm o1 @Fm 1 that maximize the financial in-
termediary’ s payoff subject to the participation constraints of Home and Foreign lenders
(33, 32) and of Home and Foreign entrepreneurs (26, 27).1

The first order conditions of the optimal contract resulting from the constrained maxi-
mization problem are:

0— { RIE{H,tH [(1 — Fg[}(W%H,tH)) o (W%H7t+1) + Fg}; (ng,t-&-l) ‘pi(wfllf,tﬂ)] : } n
[(1 -T (WHH,t+1)) (1 —74)+ (1 -T (wHF,t+1)) TH}
(34)
IR ( F ) Fg’ (wI]?IH,t+1) (I)FR(CP%{J,HE) R%H,t+1q)E (wI]?IH,t+1)
— - +
(I)F F (I)E/ E‘t " (WHl'Hj—?% E RE
(WHH,tH) (WHH,tH) ( H (wHH,t—',-l)) HH,t+1
Er(, E F( F E E( E
T (WF 'y (WH¢+1) P (WHF,tH) RHH,t—i-lCI) (wHH,H-l)
ph (wHF’tH) [ - _Rfsta_:lFQ (ng,tJrl) +
P

(WZF,H-l) o (WEIH,H-I) (1 - Fg (ng,t—H)) RgH,t—i—l

0— { RgH,tH [(1 -y (ng,t+1)) o (ng,tJrl) + Iy (ng,t+1) P (ng,t+1)] : } n
[(1 ~ I (wfIH,t—&-l)) (1- TZ) + (1 - (WZF,tH)) Tg]

(35)
L F | (wg Het 1) Iy (Wng,tH) q);(?g,fl,tﬂE) REH,th)E (W]f;H,tH) -
+ ( TH)—(I)F, (@ ) tL Fy (wFH,tJrl) + +
HHt+1 PF (wfIH,t—&—l) P (ng,tJ,-l) (1 - FIF:ZH (WEH,t-&-l)) Rgﬂ,tﬂ
- e (w§F7t+1) FI}? (ng,t—H) %F* E(tiI}ZTFFE/—H)ERgH,t-&-lq)E (WI%ZH,t-&-l) -
+7h OF (w1 t e, LH (Whaer1) +
Shas o (wgﬂtﬂ) o (nggH-l) (1 - PI% (ng,t-&-l)) RgH,t-i—l

YFor computational details, refer to Appendix XXX.
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_ _F\&F (, F . (1- TH) RHHt+1QHtKHHt(I) (ngt—i—l) + } _
(1—7p)® (wHHtJrl) [ RFHtJr1 “ LQr i Kpm®F (wFHtH N
R (1 - TH) [(1 - TH) (QHtKHHt - NWHt) + Tth (QFtKFHt NWPEJ) — NWIE,J
TZ(I)F (wF ) . [ (1 - TH) RHHtJrlQHtKHHt(I) (ng,tJrl) + } _

HFt+1 EpE E
TFRFHH-I o QFtKFHt(I) (WFHt+1

R*ﬁt;l AF [(1 _ TH) (QHtKHHt — NWHt) + TF& (QFtKFHt NWE%) - ng,t]
t

E E E E E
[1 —Ugn (WHH,tH)] RHH,t+1QH,tKHH,t = RHH,t+1NWH,t

E FE E E FE
(1 —TEy (Winer1)] REmss1QreKrmy = R ] NWE,

3.5.4 Net worth

As in BGG (1999) entrepreneurs and financial institutions have a finite life horizon. In partic-
ular, in each period the probability to exit the market is equal to (1 —~F ) for entrepreneurs
and (1 —~F ) for financial institutions. The dying agents are immediately replaced by an
equal number of newly born entrepreneurs and financial institutions, so that the popoulation
remains constant. This assumption ensures that borrowers do not accumulate enough net
worth to become fully self-sufficient. Furthermore, both entrepreneurs and financial inter-
mediaries receive payments, denoted respectively Wﬁt and Wgt, for labor services supplied
to firms in their country of origin?’. Surviving agents accumulate net worth, which is made
of the return from investment net of debt repayments. The dynamic evolution of net worth
for entrepreneurs and financial institutions in the home country can be expressed as:

NWg,t = ’VEVF}E,t + WI]{E,t (36)
NWII;,tt = VFVI—Ilit + WIZ;,t (37)

Where ngt and Vli ,represent the equity of entrepreneurs and financial intermediaries
respectively:

Vite = [1 =T (@hme)] (1= 7%) R Qui 1 K+ (38)
+[1- F%F,tfl (CDI%Ft)} TgRgF,tQH,tflKHF,tfl (39)
)] (1=75) th{ (1-78) (Qui—1Kums—1 — NWE, ) }+

P
Vi = [ FHHt 1 (wHH,t +7EBe (QF,tflKFH,tfl _ ngt_l)

F _F F pF (1 Tf]) (QH,t—lKHH,t—l — NWE,t_l)
N [1 ~Hire <wHF’t)} Tk { +TEE 1 (QF,tflKFH,tfl — NWﬁt,l)

20The presence of wages guarantees that net worth is non-zero in steady state, but does not have a
significant effect on the dynamics of net worth given the small share of entrepreneurs’ and bankers’ labor in
the production function.
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Hence, Vlft represents the retained earnings of the domestic entrepreneurial sector, de-
rived from their capital investment using funds from domestic and foreign financial institu-
tions. V], represents retained earnings of financial institutions on their portfolio of loans to
domestic and foreign entrepreneurs. Agents leaving the market at any time period consume
the entire value of their assets, hence consumption of entrepreneurs and financial intermedi-
aries is given by:

Cia=(1=7") Vii, (41)
Cg,t = (1 - 7F) VI-IIJ,t (42)

And it has the same composition as households’ consumption.

3.6 Exchange rate and terms of trade

Prices in the tradable sector are set in the producers’ currency. Furthermore, it is assumed
that the international law of one price holds, implying that the price of the same good sold
in the two countries is equalized using the nominal exchange rate S; (defined as the price of
foreign currency in terms of domestic currency). This implies that:

1
P;Lt == §PH7t and PF,t = Stp;',t (43)
t
I define the real exchange rate:
S Py
= 44
€t P, (44)

I define the terms of trade as the ratio between import and export prices in domesic
currency, which, given the law of one price, can be expressed as:

S P,

Py

TOT, = (45)

3.6.1 Monetary and fiscal policy

Monetary policy sets the short-term interest rate in both economies, according to endogenous
economic developments. The central bank in the Home country sets the short-term nominal
interest rate according to a rule of the following general form:

R \ R» TH S

Where variables without time subscript refer to steady state values. In particular, for
ps = 0 the Home country implements a floating exchange rate regime with inflation targeting.
On the other hand, it follows a fixed exchange rate by setting pg so large that R; = R}. £,
represents an exogenous monetary policy shock.

(1-p,)
] exp(€py) (46)
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The Foreign country’s monetary policy sets the policy rate according to the following

feedback rule:
Rg* B R?—*l Py E Jou & PZ
Rn* T Rn* TR YF

The fiscal authority aims at attaining a balanced budget in every period:

(1-p,)
exp(§ ) (47)

G =T, (48)

3.7 Market clearing and equilibrium

Market clearing in each country requires that total production equals total absorption. In
particular, domestic output is used for home consumption, home investment, government
expenditure and exports. Furthermore, a small fraction of output is lost in each period
due to monitoring costs incurred by lenders and financial istitutions. The total amount of
monitoring costs is given by the following equation:

M, = p"G" (&fp4) Ritme (1= 717) Qua—1 Knma—1 + 1°G” (OFg,) R TrQra1 K1+

FAF (~F F (1 _F (1-78) (Qui1Kums—1 — NW};{t_l) + ]
+u" G (wHH,t) Ry (1 TH) { 7Ee,_, (QF,t—lKFH,t—l _ NWﬁt_l) +
iﬁ% (QH,t—lKHF,t—l — Nngt_l) + }

(1- 7'1%:) (Q*F,t—lK}k«“F,t—l - NW]?,t—l)

Where the first two terms on the right-hand side represent monitoring costs incurred by
Home financial intermiediaries involved in credit contracts with Home and Foreign entrepre-
neurs, and the last two terms represent the cost incurred by domestic lenders in the contracts
with Home and foreign financial intermediaries.

The Home country’s resource constraint can then be written as:

G (s The R |

* 1—n * * * *
Yirg = Ane (Cry+ Cppy+ Cpyy + Iy + Go+ M) + AH,t% (Gl + Clii + O + i)
(49)
Where Ay and Ay, are indexes of price dispersion implied by the staggered price setting

defined as:
1 P . _¢H
AH,t _ / ( t (jH) ) d]H
0 P

— /1 <P1§,t(jH)>_¢H "
- — px H
Hit 0 .Pt

and whose laws of motion are given by:




- _fH

1_ QH (ﬂ';t>18H eg—1 . e
AH,t = (1 — QH) ’ + (9H (—) AH¢_1 (50)

1-— QH TH
B l—eqg 56111
. 1—9]_] (Wé,t> " 1 —€H .
AH,t = (1 - 9H) 1— 6y + 0u T AH,tfl (51)
Hit

Market clearing in the labor market requires that total labor supply equals demand, a
condition represented by equation (6). Furthermore, for the capital market to be in equi-
librium, the total capital investment by entrepreneurs (borrowing domestically and abroad)
has to equal the aggregate capital production, i.e.:

Kt = (1—7’5) KHH’t—FTgKHF?t (52)
3.8 Steady state and calibration

Before simulating the model, I calculate the deterministic steady state by solving the linear
system of static equations implied by the model (cfr. Appendix C).

Table 1: Calibrated Parameters
Parameter Value Parameter Value

% 1 n —0
o 1 h 0.5
15} 0.99 X

A 0.4 « 0.35
) 0.025 K 2.5
O 0.75 0. 0.94
€ 6 €w 10

M o 0.033123 Pp p 0.033123

o 0.243046 K 0.243046
Yp 0.2 TE 0.98517
Tr 0.96918

The model parameters are calibrated following the literature. Concerning households’
preferences, I set the intertemporal discount factor (5) to 0.99, which corresponds to a
yearly risk-free interest rate of 4%. The intertemporal elasticity of substitution (o) is set
to 1, so as the elasticity of labor supply (p) following Christiano, Eichenbaum, and Evans
(1997). In order to obtain a steady state labor supply of 0.33 the coefficient on labor in
the utility function () is calibrated to 9.02. Regarding the composition of consumption, I
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set the share of imported goods in the consumption basket at 0.4, which implies a degree of
home bias and the consumption habit parameter at 0.5. Finally, note that the Cobb-Douglas
specification of the consumption aggregator implies unit elasticity of substitution between
domestic and foreign goods.?!

On the production side, the rate of depreciation of capital (J) is set to 0.025, implying
a yearly depreciation rate of 10%. Furthermore, I set the adjustment cost parameter, k, to
2.5. The parameters of the production function are chosen such that the share of capital in
production is 0.35, while the shares of labor by entrepreneurs and financial intermediaries (QF
and QF respectively) is 0.01. Following the standard estimate used in the literature (Chari,
Kehoe and McGratten (2000)), I assume a Calvo price stickiness parameter 6 equal to 0.75,
implying that price adjustment happens, on average, every four quarters. Furthermore, I
assume that firms that do not optimally chose their price in a given period adjust their
price to past inflation with a coefficient of 0.2. Finally, the elasticity of substitution between
varieties of domestic goods () is set to 6, implying a 20% price markup. The parameters of
the wage setting process imply a higher persistence of wages compared to prices. I set the
parameter representing the elasticity of substitution between labor types(e,,) at 10, implying
a 11% markup and the wage stickiness parameter (0,,) equal to 0.94 (Schmitt-Grohé and
Uribe (2006)).

The parameters pertaining to financial frictions in the banking and entrepreneurial sector
are calibrated in order for the steady state values of key financial variables in the model to
match time series data relative to Europe for the financial and non-financial sector. In par-
ticular, the parameters related to the cost of monitoring banks’ and entrepreneurial output
(uf" and pu® respectively), the volatility parameters of banks’ and entrepreneurs’ idiosyn-
cratic productivity (¢ and o) and the survival probabilities (X and v¥) are calibrated in
order to match European data on leverage, lending spreads and default probabilities. Euro-
pean data on bank default reveal that the expected short-term (1 year) default probability
of banks averaged 0.6% between 2000 and 2007 (Fiordelisi et al. (2010)): hence I set the
quarterly default probability of financial intermediaries to 0.0015. Following Faia (2010),
I set the annual steady state default of entrepreneurs to 3%, implying a quarterly value
of 0.0075. Steady state equity-to-assets ratios for entrepreneurs and banks are calibrated
according to the micro-level data reported in Kalemli-Ozcan et al. (2011). In particular, I
set the inverse leverage ratios to 0.4904 and 0.1040 for entrepreneurs and banks respectively,
implying leverage ratios of 2.0939 and 9.6129. Finally, I calibrate the entrepreneurial and
financial intermediaries’ lending spreads according to Eurostat data on European interest
rates between 2000 and 2007. Hence I target the steady state level of the spread between the
lending rates of entrepreneurs and banks at 0.0052 quarterly, and the spread between finan-
cial intermediaries’ lending rate and the risk free rate at 0.0003 quarterly. The calibrated
values of the model parameters are reported in Table 1, while Table 2 reports the key steady
state values resulting from the calibration.

21For a similar specification see for example Kolasa and Lombardo (2011).
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Table 2: Steady State

R 1.0101
C/Y  0.5382
1Y 01821
GJY 0.2

H 0.33

QK/NW,. 0.4904
QK/NW; 0.1040
RF/R~ 1.0049
ZE — R 0.0056
ZE — 7F  0.0052
ZF — R 0.0004
F(wg)  0.0075
F(wr)  0.0015

The form of the interest rule allows for a variety of different types of monetary policy
stances of the small open economy. Table 3 reports the two different rules I am considering
in the analysis, together with the parameters of the Taylor rule of the foreign economy, and
the values of the financial integration parameters used in the model simulations.

Table 3: Overview of alternative models

No financial integration Tp=0;7p =0
Partial financial integration Tg =07 =0.2

Full financial integration T =027 =02
Monetary policy F pr=0.38; p, =15 p, =0
Monetary policy H

Fixed exchange rate p, =0.8; p. = 1.5; pg— o0
Flexible exchange rate p,=08;p. =15;pg=0

4 Impulse response analysis

In this section I present the simulated path of the main real and financial variables of the
small open economy in response to nominal, real and financial shocks. The small open
economy emerges as a limit, when the relative size of the Home country, n, tends to zero?2.
Hence, the Foreign country becomes relatively closed, but as long as there is a positive
degree of home bias, the Home economy continues to consume foreign produced goods. This
allows to model the small open economy in a consistent way, retaining its trade and financial
linkages with the rest of the world. In fact, as shown by Batini et al. (2007), although the

22For a similar approach, see Batini et al. (2007), De Paoli (2009) and Corsetti and Miiller (2011).
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Foreign economy becomes relatively closed, its demand for exports (i.e. goods produces in
the Home country) is not zero. Hence, while the small economy becomes invisible to the rest
of the world, the reverse is not true.

In figures 1 to 4, the responses for the Home country are presented for different exchange
rate regimes and degrees of financial integration®®. In particular, in the case of financial
autarky the coefficients 74, 75 o, 75 TE L TE Ly TE L T, TEL are set to zero; in the case
of banking integration, i.e. a situation where banks can borrow from domestic and foreing
lenders but entrepreneurs are constrained to borrow from banks in their own country, I set
thy =1he = thr =78, =02 and 75, = 75, = 78, = 7E, = 0; finally, full financial
integration implies fully blown financial linkages between banks, entrepreneurs and lenders
in both countries (Iset 75, =75, =75, =78, =0and 7}, = 75, = 75, =75, = 0.2).

4.1 Foreign interest rate shock

Figures 1a and 1b depict the impulse responses corresponding to a monetary policy shock
in the Foreign economy, for different exchange rate regimes (flexible and fixed, respectively)
in the Home country and different degrees of financial integration.

If the Home currency is allowed to float, the one standard deviation shock to the Foreign
interest rate causes the nominal exchange rate to increase on impact, driving also the real
exchange rate upwards, implying a real depreciation of the domestic currency. By making
foreign goods relatively more expensive, the real depreciation has two effects. First, it drives
an expenditure-switching effect towards domestic goods. Secondly, it contributes to the rise
in inflation in the Home economy.

The increase in inflation, independently of the degree of financial linkages, leads the Home
central bank to increase the nominal interest rate, which results in a real interest rate hike
that depresses consumption, investment and output.

However, when financial linkages are turned on, the negative effect on investment is more
pronounced. While in the case of financial autarky the financial sector is influenced by the
foreign shock only to the extent that this implies a contractionary monetary policy response
of the Home central bank, in the presence of financial linkages, the Domestic and Foreign
interest rate hikes reinforce each other. In fact, as the risk free return of domestic and for-
eign lenders increase, the cost of external finance for domestic and foreign banks increases
more markedly and it is reflected in a sharper increase in loan rates for financial interme-
diaries. As these are passed on to final borrowers, entrepreneurs’ loan rates and borrowing
spreads increase in both countries. As borrowing costs increase, entrepreneurs undertake
fewer projects, thereby reducing investment, the demand for capital and hence asset prices
by a larger amount. The combination of declining asset prices and higher borrowing costs
decrease the net worth of entrepreneurs and banks worldwide. Figure 1a clearly shows that
the decrease in entrepreneurial and banks’ net worth, the increase in lending spreads and
the consequent decrease in investment and asset prices are more pronounced the higher the
degree of financial linkages. The reason for this is twofold. First, when cross-border bor-
rowing by entrepreneurs is shut off (i.e. the case of bank integration) the foreign interest

Z3For space reasons, the responses of the corresponding foreign variables are omitted, but are available
upon request.

25



rate shock and the consequent domestic interest rate increase lead to an rise in the loan
rate charged by Home banks on domestic entrepreneurs which is higher than in the case of
financial autarky. Indeed, in the latter case the foreign monetary policy shock impacts the
domestic financial sector only through the domestic monetary policy response. In the case
of full financial integration, not only the foreign policy rate matters for the cost of funds of
domestic banks, but the deterioration in entrepreneurial net worth in the Foreign country
impacts domestic banks negatively affecting their net worth and leverage. Second, the real
exchange rate depreciation increases the value of foreign loans held by banks in the Home
country. The combination of these effects amplifies the effect of the foreign shock on the
domestic economy.

In case the Home country follows a fixed exchange rate, the decline of both real and
financial variables is more pronounced. This is due to the fact that, following the initial
shock, the central bank in the home country increases its policy rate on impact to defend
the currency. In fact, the nominal interest rate increase necessary to keep the exchange rate
stable is of the same magnitude of the initial foreign shock, implying that the Home country
is fully importing the foreign shock. As the nominal exchange rate is fixed and Home and
Foreign inflation decline by the same amount, the real exchange rate is rougly constant.
This eliminates, on the real side, expenditure switching effects and, on the financial side,
balance sheet effects due to currency denomination of loans. The steeper increase in the real
interest rate under a fixed exchange rate regime depresses consumption by a larger amount.
Furthermore, the constancy of the real exchange rate implies that consumers demand less of
both domestic and imported goods. The sharper decrease in consumption leads to a more
pronounced decrease in demand for domestic goods, leading to a larger output drop and a
lower demand for capital investment. Hence, output, investment and asset prices are lower
than in the flexible exchange rate regime case. On the financial side, it is interesting to notice
that the transmission of the shock is identical across degrees of financial integration. On one
hand, in response to the foreign monetary policy shock, the domestic central bank increases
the nominal interest rate to defend the parity roughly by the same magnitude, thereby
"importing" the foreign shock. On the other hand, in this model financial exposures across
countries are symmetric. The joint effect of symmetric cross-country financial exposures,
a de-facto symmetric shock and a fixed exchange rate lead the response of domestic and
foreign variables to be parallel.
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Table 4: Standard Deviations - Foreign interest rate shock

Financial Autarky Bank Integration Full integration

Float Fix Float Fix Float Fix
Output 0.2266 0.6713 0.2352 0.6713 0.2631 0.6713
Investment 0.1677 0.4980 0.2152 0.4980 0.3314 0.4980
Consumption 0.1359 0.2013 0.1324 0.2013 0.1278 0.2013

Int.Rate 0.1279  0.2180  0.1270  0.2180 0.1261 0.2180
Asset Price 0.7649  1.5616  0.8574 1.5616 1.0828 1.5616
Inflation 0.2356  0.1994  0.2355 0.1994 0.2356 0.1994

Leverage E 0.0742  0.2073  0.1000 0.2073 0.1346 0.2073
Leverage B 0.2702  0.5667  0.3176  0.5667  0.4110 0.5667
Spread E 0.0829  0.1786  0.1186  0.1786  0.1919 0.1786

Table 4 reports standard deviations for the main real and financial variables under fixed
and flexible exchange rate regimes and different degrees of financial linkages. Comparing
exchange rate regimes, it is evident that volatility in the domestic economy is much higher
when the central bank follows a strict peg: in particular, output is more than three times
as volatile compared to the case in which the currency is allowed to float. Also investment
and consumption exhibit higher standard deviations. This is the result of the much stronger
monetary policy response to the shock necessary to stabilize the exchange rate, which is
reflected in the high standard deviation of the nominal interest rate. Furthermore, volatility
increases with the degree of financial integration. Under a floating exchange rate regime,
financial variables are particularly more volatile under full financial integration, thanks to
the immediate transmission of the foreign shock to the domestic economy via the financial
sector and the direct spillover from balance sheets of foreing entrepreneurs. However, the
degree of financial integration is virtually irrelevant when the small country follows a strict
peg, as the impulse-response functions previously revealed.

4.2 Foreign productivity shock

Figures 2a and 2b, illustrate the reaction of the main Home country variables in response
to a foreign productivity shock. In the foreign country, the negative productivity shock
raises marginal costs, which in turn decrease production. This has two consequences: on one
side, inflation increases; on the other side, demand for capital decreases, pushing its price
downwards. The increase in inflation in the foreign country leads the foreign central bank to
increase the nominal interest rate. This, jointly with the decrease in asset prices, deteriorates
balance sheet conditions of borrowers in the foreign country: both entrepreneurial and banks’
net worth decrease in the foreign country, leading to an increase in borrowing spreads for both
agents. Furthermore, the contractionary Foreign monetary policy depreciates the exchange
rate, albeit by a small amount. The increase in Foreign inflation appreciates the foreign
currency in real terms, and improves the terms of trade for the Home country. However,
as the Home country is relatively small and open, the real depreciation pushes up domestic
CPI inflation, which leads the domestic central bank to raise the nominal interest rate. In
case the Home country follows a pegged exchange rate policy, the domestic central bank
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increases the nominal interest rate in order to counteract the nominal depreciation. In this
case, the increase in domestic CPI inflation is more muted, so as the extent of real exchange
rate depreciation and the required monetary policy contraction is larger than in the case of
flexible exchange rate. While in the first periods the increase in inflation dominates in driving
the real interest rate down, after few periods the real interest rate starts increasing, thereby
determining a decrease in domestic consumption and a tightening of borrowing conditions
for domestic banks. In particular, the real interest rate increases more sharply when the
Home country’s monetary policy pegs the exchange rate, leading to a sharper decrease in
consumption, investment and GDP.

While the negative effect of the foreign productivity shock on the domestic economy
is stronger when the Home country’s central bank adopts a fixed exchange rate regime,
the difference in responses between different degrees of financial linkages is more muted.
Under financial autarky, the financial sector is affected by the foreign productivity shock
through two channels. First, the decrease in demand for capital by domestic firms that
reduces the demand for investment and loans, thereby reducing leverage in the domestic
financial sector and dampening the financial accelerator effect. Second, the increase in the
domestic interest rate that increases the cost of funds for domestic financial intermediaries,
accentuating the financial accelerator effect. Hence, the foreign shock is transmitted first to
the real economy through a change in international relative prices and its effects on domestic
CPl inflation, and then to the credit market through leverage and cost of funds effects. In case
of banking integration, the financial accelerator effect is reinforced by the foreign monetary
policy contraction that follows the adverse productivity shock. As the foreign interest rate
hike is stronger than the domestic one, the cost of foreign borrowing increases by more than
in the case of financial autarky. Furthermore, the real exchange rate depreciation acts in the
same direction, feeding the financial accelerator effect and resulting in a sharper decrease
in net worth and increase in borrowing spreads. In case of full financial integration, the
increase in financial acceleration caused by the foreign monetary policy contraction and real
exchange rate depreciation is somewhat counteracted by the decrease in leverage of foreign
entrepreneurs®?. Hence, the leverage of domestic financial intermediaries lowers by a smaller
amount, so as the lending spread of entrepreneurs, whereas their net worth decreases by
less than in case of banking integration. As a result, entrepreneurial net worth decreases
more in case of banking and full financial integration, leading to a more muted response of
investment in case of financial autarky. However, this effect is quantitatively quite small.

24 Following the adverse productivity shock, foreign entrepreneurs demand less loans given the decrease in
overall demand for capital, thereby decreasing leverage.
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Table 5: Standard Deviations - Foreign productivity shock

Financial Autarky Bank Integration Fulll Integration

Float Fix Float Fix Float Fix
Output 0.1409 0.1654 0.1435 0.1675 0.1441 0.1665
Investment 0.1540 0.1683 0.1647 0.1772 0.1684 0.1744
Consumption 0.0437 0.0482 0.0450 0.0493 0.0454 0.0490

Int.Rate 0.0244  0.0241  0.0246 0.0248 0.0245 0.0242
Asset Price 0.2970  0.3309  0.3175 0.3478 0.3104 0.3303
Inflation 0.0365  0.0203  0.0368 0.0205 0.0367 0.0201

Leverage E 0.0650  0.0679  0.0698 0.0717 0.0731 0.0734
Leverage B 0.0787  0.0893  0.0873  0.0962 0.0796 0.0844
Spread E 0.0280  0.0312  0.0335 0.0356  0.0270  0.0272

The qualitative results are confirmed by the analysis of volatilities reported in Table 5.
For all degrees of financial integration, the main real and financial variables are more volatile
under fixed exchange rate regime, with the exception of inflation. This results from the fact
that, if the exchange rate is allowed to float, the foreign producitvity shock affects domestic
inflation through the real exchange rate depreciation, effect that is less pronounced when the
exchange rate is fixed. Furthermore, I find that the cost of fixing the exchange rate (i.e. the
difference in volatility between fixed and flexible exchange rate regime) is more pronounced
under financial autarky: in this case, output, investment, consumption and asset prices are
relatively more volatile under a strict peg. Hence, the more financially integrated the small
economy is with the rest of the world, the less is the cost of pursuing a fixed exchange rate
policy. In fact, the presence of financial linkages increases the business cycle correlation
between the two countries, and triggers similar monetary policy responses (i.e. a monetary
policy tightening in both countries), under a flexible exchange rate regime. If the small
country follows a strict peg, it is forced to import the foreign monetary policy stance to
satisfy the interest parity condition and to raise the interest rate by the same amount as the
foreign central bank. This implies that, under both exchange rate regimes, the central banks
in the two countries are somewhat correlated, and this reduces the cost of pegging. On the
other hand, a floating exchange rate delivers higher volatility of financial variables due to its
effect on balance sheets of financial intermediaries in the small economy, thereby reducing
the cost of pegging the currency.

4.3 Foreign financial shocks

Figures 3a, 3b and 4a and 4b illustrate the impulse-responses of the variables of interest to a
shock to the idiosyncratic productivity of foreign banks and entrepreneurs respectively. The
shock increases the volatility of the idiosyncratic productivity of banks and entrepreneurs,
and can be interpreted as an increase in the riskiness of borrowers. In fact, as the distribution
of the stochastic idiosyncratic productivity becomes more dispersed, uncertainty about the
realization of productivity increases, increasing borrowers’ default probability and forcing
lenders to charge a higher loan premium.
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Table 6: Standard Deviations - Foreign o shock

Financial Autarky Bank Integration Full Integration

Float Fix Float Fix Float Fix
Output 0.0312 0.0335 0.0399 0.0417 0.0526 0.0525
Investment 0.0387 0.0349 0.0060 0.0086  0.0523 0.0527
Consumption 0.0313 0.0307 0.0268 0.0264 0.0219 0.0220

Int.Rate 0.0182  0.0233  0.0160 0.0190 0.0131 0.0139
Asset Price 0.0428  0.0382  0.0539 0.0561 0.1548 0.1551
Inflation 0.0161  0.0203  0.0140 0.0165 0.0116 0.0119

Leverage E 0.0123  0.0119  0.0062 0.0066  0.0105 0.0107
Leverage B 0.0027  0.0026  0.0307 0.0315 0.0794 0.0795
Spread E 0.0018  0.0017  0.0235 0.0237  0.0560 0.0560

The shock to the foreign bank’s idiosyncratic productivity leads to an increase in banks’
borrowing spreads, which are passed on to entrepreneurs, rising their loan spreads. As
borrowing costs rise, entrepreneurs in the foreign economy invest less, causing a decrease in
the capital stock and in the price of capital. This in turn implies a decrease in foreign banks’
and entrepreneurs’ net worth, which reinforces the initial shock. The simultaneous decrease
in output and inflation reveals that the riskiness shock has the effect of a demand shock on
the foreign economy, as prices and quantities move in the same direction. The foreign central
bank reacts to the fall in inflation by lowering the policy rate; however, in the first period,
this is not sufficient for lowering the real interest rate, which starts decreasing only in the
second period after the shock, falling below steady state values right after. The decrease in
the real interest rate, by lowering the external finance premium for foreign banks, mitigates
the negative financial acceleration effect triggered by the original shock. Furthermore, it
increase foreign consumption, partially counteracting the initial negative effect on aggregate
demand.

The transmission of the foreign shock differs across degrees of financial linkages. In case
of financial autarky, the shock is mainly transmitted through trade channels. The decrease in
foreign output, investment and GDP implies a decline in Foreign demand for Home produced
goods, which depresses production in the Home country. As a result, the shock is imported
as a demand shock, and domestic inflation declines, leading the Home central bank to en-
acts a monetary expansion. As the domestic nominal interest rate decreases only slightly
on impact, the uncovered interest parity implies that the nominal exchange rate slightly
depreciates. As a consequence of the domestic monetary policy easing, the real interest rate
starts decreasing, after a brief upward jump on impact, positively impacting consumption.
However, under financial autarky, the foreign banking sector shock has virtually no effect on
domestic investment and on the domestic financial sector, as lending spreads, leverage ratios
and net worths are unaffected. Under banking and full financial integration the foreign shock
spills over to the domestic economy directly thorugh the international credit market: in par-
ticular, the tighter the financial interlinkages, the stronger the transmission of the shock.
Under banking integration, foreign banks stipulate credit contract with domestic lenders;
hence, the adverse shock to foreign banks’ productivity increases the lending rate charged
to foreign banks borrowing domestically. Although this has no direct effect on the domestic
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financial sector, it worsens the recession in the foreign economy, implying lower investment
and output, which leads to a decreased demand for Home exports, which depresses Home
output. Hence, in case of banking integration, banks’ and entrepreneurial lending spreads
increase more markedly in the Home country, while net worths decrease more. In the case
of full financial integration, the negative foreign shock is more heavily transmitted to the
Home country by the credit relationship between Home entrepreneurs and Foreign banks.
Here, the shock in the foreign banking sector translates in higher lending rates for domestic
entrepreneurs borrowing from abroad, thereby decreasing their ability to loan funds. Hence,
investment and asset prices decrease even further.

The difference in responses between fixed and flexible exchange rate regimes are only
marginal, as we can see from Table 6. This is due to the fact that the shock, even in the case
of floating currency, does not lead to sensible differences in real exchange rate fluctuations.

Furthermore, Table 6 confirms the highest volatility of the main real and financial vari-
ables in the case of full financial integration. This effect arises through two channels. First,
the increase in borrowing spreads in the foreign country translates into an increase in the
cost of external finance for banks and entrepreneurs in the Home country borrowing abroad,
which decreases their willingness to borrow. Secondly, the decrease in foreign banks’ and
entrepreneurial net worth deteriorates balance sheet conditions in the Home country, and
worsens borrowing conditions even further.

Figures 4a and 4b report the impulse responses relative to a foreign entrepreneurial idio-
syncratic volatility shock. Albeit in the foreign economy the shock has similar consequences
as the idiosyncratic productivity shock affecting banks, its transmission to the Home coun-
try differs according to the degree of financial integration. In the foreign country, the shock
results in an increase in the external finance premium of foreign entrepreneurs, a worsening
of their borrowing conditions and a decrease in investment and asset prices. As before, the
shock acts on the supply of credit, by reducing loans and increasing their price. Foreign
output decrease because of the decrease in demand for investment goods and the reduction
in capital stock. As before, foreign inflation falls, inducing the foreign central bank to ease
monetary policy, which rises the real interest rate after few periods. The monetary policy
action causes foreign consumption to rise, the foreign currency to appreciate through the un-
covered interest parity. Furthermore, the monetary policy easing contributes to counteract
the negative spiral of the financial accelerator, by easing credit conditions. Once again, the
decline in Foreign demand for Home goods leads domestic output to decrease and inflation
to fall, leading the Home central bank to lower its policy rate.

However, under financial autarky, the foreign banking sector shock has virtually no effect
on domestic investment and on the domestic financial sector, as lending spreads, leverage
ratios and net worths are unaffected. The case of banking integration is largely similar, be-
cause the domestic credit market is still insulated from the shock to entrepreneurial riskiness,
as Home banks only lend to Home entrepreneurs: therefore, the shock is still transmitted
through real channels. The most interesting case is that of full financial integration. Now
the shock to foreign entrepreneurs directly affects banks in the Home country through their
international loan portfolio. As a consequence of the increase in Home banks’ leverage,
borrowing spreads for Home banks rise, and are passed on to entrepreneurs, even to those
borrowing domestically. Then, the shock is transmitted similarly in the two countries, pass-
ing through increases in loan rates and decrease in loan demand. However, in case of full
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financial integration, the joint effect of the monetary policy easings in the two countries
acts as to counteract the negative effect of the foreign shock on the Home country. In fact,
in both countries the decrease in interest rates leads to an easing of borrowing conditions.
While in the Foreign country, where the shock originates and its effects are stronger, this
is not sufficient to completely offset the shock, the Home country, where financial variables
react less strongly than in the Foreign country because of asymmetric cross border exposures,
benefits from the two monetary policy actions. This is evident by looking at the behavior
of entrepreneurial spreads and net worth in the Home country. After a deterioration in the
first periods after the shock, spreads rapidly decrease and fall below steady state values; net
worth, after an initial fall, rises above the zero line.

Table 7: Standard Deviations - Foreign o shock

Financial Autarky Bank Integration Full Integration

Float Fix Float Fix Float Fix
Output 0.0077  0.0079 0.0077  0.0079  0.0098 0.0087
Investment 0.0143 0.0130 0.0143 0.0131  0.0302 0.0283
Consumption 0.0108 0.0106 0.0108 0.0106  0.0128 0.0127

Int.Rate 0.0056  0.0073  0.0056  0.0073  0.0060 0.0086
Asset Price 0.0151  0.0136  0.0153  0.0140 0.0267 0.0251
Inflation 0.0050  0.0064  0.0050 0.0064 0.0055 0.0074

Leverage E 0.0038  0.0036  0.0038 0.0036  0.0106 0.0100
Leverage B 0.0011  0.0009  0.0012 0.0009 0.0084 0.0088
Spread E 0.0006  0.0005  0.0007 0.0006 0.0046 0.0046

Comparing the impulse-responses under different exchange rate regimes (cfr Table 7)
reveals that, although when the Home central bank pegs the currency output decreases
more and investment increases less, the difference is not pronounced. Once again, this is due
to the fact that the initial shock does not trigger sensible real exchange rate movements that
induce expenditure switching and balance sheet effects.

4.4 Monetary policy trade-offs

The central bank of a small open economy faced with real and financial frictions is faced
with two fundamental trade-offs. First, the trade-off between inflation and output volatility,
which exists when greater inflation stability can be obtained only at the expense of increased
output volatility. In closed economies, such trade-off is present when the economy is hit by
cost-push shocks: the central bank can counteract the increase in inflation only by incurring
a greater output contraction. On the contrary, following a demand shock that leads output
and inflation to move in the same direction, the optimal response of the central bank is to
fully neutralize it, stabilizing at the same time both output and inflation?’. Furthermore, the
intensity of the output-inflation trade-off increases with the degree of rigidities in the model:

25See Goodfriend and King (1997), Rotemberg and Woodford (1997), Clarida, Gali’ and Gertler (1999).
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Blanchard and Gali’ (2007) show that the presence of wage rigidities in addition to price
rigidities aggravates the trade-off faced by the central bank. Paustian (2004), shows that
sticky wages lead to the existence of an output-inflation trade-off even when the economy is
subject to cost-push shocks. In this case, if the central bank targets inflation and reacts to
the shock by rising the interest rate, it incurs in a larger loss in output because the monetary
policy reaction, by dampening the increase in inflation, prevents a fall in the real wage that
would mitigate the output fall.

In the open economy context, the presence of the real exchange rate affects the trade-off
faced by monetary policy: in particular, in this case the output-inflation trade-off is present
even for demand shocks. The reason is that real exchange rate movements have an effect
on aggregate demand, inflation and the monetary policy instrument. If the real exchange
rate had effects only on aggregate demand, stabilizing exchange rate disturbances would be
optimal, and wouldn’t lead to any trade-off. However, real exchange rate movements exhert
an effect on inflation, through the change in the price of imported goods. Furthermore, the
nominal interest rate has an effect on the exchange rate, through the uncovered interest
parity. Hence, if the central bank tries to stabilize output following a demand shock, the
monetary policy action will affect the real exchange rate, and through it inflation, thereby
introducing a trade-off (Walsh (1999)).

Concerning the relationship between the output-inflation trade-off and monetary policy
in open economies, previous studies conclude that such trade-off is accentuated when the
central bank implements a fixed exchange rate policy?®. This results from the fact that
a central bank that aims at maintaining the exchange rate stable has to enact a stronger
monetary policy reaction. For example, facing a shock with devaluation pressures, the central
bank is forced to increase the interest rate to defend the parity. Albeit this reduces inflation,
it also dampens the positive effect on output stemming from expenditure switching effects.
Furthermore, in a model with the financial accelerator, the contractionary monetary policy
action, by increasing the cost of external finance, triggers a negative spiral of disinvestment,
exhacerbating the negative effect on output and thereby worsening the output-inflation trade-
off. However, as shown by Devereux, Lane and Xu (2006), the intensity of such trade-off
depends of the degree of exchange rate pass-through in the economy. With high pass-through,
exchange rate fluctuations are swiftly transmitted to consumer price inflation. Hence, a fixed
exchange rate stabilizes inflation and the exchange rate, but implies higher output volatility.
With a low degree of pass-through, the expenditure switching effect is more muted and
exchange rate movements do not immediately destabilize the price level. Hence, monetary
policy can stabilize inflation and still afford exchange rate flexibility to stabilize the economy
facing exernal shocks?’.

The second trade-off a central bank faces is between real and financial stability and it
relates to the key importance of interest rate movements in affecting both the real and
financial sector of the economy. On the real side, changes in the interest rate influence
the intertemporal consumption and saving decisions of households. On the financial side,
the risk-free interest rate affects the price of credit, by altering the opportunity cost of

265ee for example Cespedes, Chiang and Velasco (2004), Devereux Lane and XU (2006), Gertler, Gilchrist
and Natalucci (2007), Faia (2010).
27See also Devereux (2001).
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lenders of engaging in a financial contract and, ultimately, asset prices and investment.
These effects work in the same direction and, say, an expansionary monetary policy boosts
economic activity through its joint effect on consumption and investment. However, two
issues arise. First, an attempt of the central bank to stabilize inflation might result in
increased financial vulnerability. For example, by lowering the interest rate to counteract
a shock leading to deflationary pressures, the central bank induces a decrease in borrowing
rates which encourages borrowing, thereby increasing leverage in the economy. Second, when
the economy is hit by a disturbance that leads to inflationary pressures and a decrease in
output (say, a negative foreign productivity shock), the central bank reacts by increasing
the policy rate. In doing so, it stabilize inflation, but it worsens credit conditions, thereby
discouraging investment and prolonging the negative output effect of the shock?®.

Table 8: Sacrifice Ratios
Financial Autarky Bank Integration Full Integration
Float Fix Float Fix Float Fix
Foreign interest rate 0.9617  3.3663  0.9990 3.3663 1.1166 3.3663
Foreign productivity 3.8576  8.1643  3.9010 8.1586  3.9261 8.2703
Foreign sigmaB 1.9434  1.6506  2.8437  2.5261 4.5480 4.3989
Foreign sigmak 1.5538  1.2434  1.5489 1.2397 1.7950 1.1772

In Table 8, I compute the sacrifice ratios, i.e. the ratio between output volatility and
inflation volatility, for different degrees of financial integration, exchange rate regimes and
shocks. Intuitively, the higher the ratio, the greater the trade-oftf the central bank has to
face, since in order to stabilize inflation it has to accept increased output volatility. The
table shows that, for all degrees of financial integration, in case of foreign monetary policy
and productivity shocks, the output-inflation trade-off is greater when the Home country’s
central bank pegs the exchange rate. In both cases, this results from the stronger monetary
policy response the domestic central bank has to enact to preserve the parity in case of
fixed exchange rate. The foreign monetary policy shock has the effect of depreciating the
domestic currency and increasing inflation. Under flexible exchange rate the central bank
reacts to the inflation increase by increasing the interest rate, but still allowing the currency
to depreciate and, through expenditure switching effects, mitigate the negative effect of the
shock on output. Under fixed exchange rate, the domestic central bank increases the interest
rate more markedly in order to keep the nominal value of the currency stable. Hence, not

28 A growing literature has explored the issue as to whether central banks should respond directly to
credit conditions, by including financial variables in the policy rule. A non exhaustive list of such studies
include Goodfriend and McCallum (2007), De Fiore and Tristani (2009), Faia and Monacelli (2007), Merola
(2010), Curdia and Woodford (2010), Woodford (2010), Davis and Huang (2012). However, a consensus on
the matter has not been reached. While Goodfriend and McCallum (2007), De Fiore and Tristani (2009),
Curdia and Woodford (2010), Woodford (2010) conclude that in the rpesence of cedit frictions, it is optimal
to include a spread adjustment in the Taylor Rule, others claim that doing so has a negligible impact on
welfare, and that targeting inflation is always optimal (Faia and Monacelli (2007), Merola (2010)). Finally,
Davis and Huang (2012) argue that modifying the Taylor rule to include financial variables optimal only
fluctuations in credit spreads are caused by exogenous disturbances to the credit sector.
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only the expenditure switching effect is absent, but real wages increase instead of falling,
thereby amplifying the volatility of output. The case of a foreign productivity shock is
broadly similar, however here the central bank’s response under fixed exchange rate is not
as strong as to imply a reversal in the behavior of inflation. In any case, the reduced
expenditure switching effect and the smaller decrease in real wages contribute to accentuate
output volatility under fixed exchange rate.

Foreign banks’ and entrepreneurs’ riskiness shocks imply a lower trade-off than the pro-
ductivity shock. This is because they

act as demand shocks, implying a simultaneous decrease in inflation and economic ac-
tivity. Furthermore, the table shows that in case of financial shocks, the trade-off decreases
when the central bank opts for a pegged exchange rate regime: however, the difference is
very small.

It is interesting to notice that, for all shocks, the monetary policy trade-off increases
with the degree of financial integration, meaning that, the more an economy is financially
linked to another, the central bank has to accept higher output volatility in order to stabilize
inflation.

5 Sensitivity analysis

In what follows, I report synthetic results obtained by perturbing the model on several
grounds, in order to test the robustness of my findings to alternative model specifications
and parametrizations.

First, I test the sensitivity of my results to a specification of the model where credit
contracts are stipulated in nominal terms. As noted by Dib, Mendicino and Zhang (2008),
nominal assets introduce private risk given by uncertain returns. In fact, the external finance
premium in non-indexed contracts is directly linked to expected inflation and, if foreign
borrowing is allowed, to expected movements in the nominal exchange rate. Furthermore,
inflation increases the value of nominal net worth and decreases the real value of debt. Hence,
nominal contracts introduce a redistribution of wealth between borrowers and lenders due
to unexpected fluctuations in debt services. Moreover, with nominal contracts, disinflation
reinforces the financial accelerator mechanism, thereby dampening the expansionary effects
of a decrease in prices. Therefore, from a monetary policy point of view, nominal contracts
give a central bank an incentive not to respond aggressively to a shock with inflationary
pressures.

Figures ba to 5d report the results of model simulations with nominal debt contracts.
Comparing these results with the impulse-responses of the baseline model, it is clear that
lack of debt indexation does not change my conclusions regarding the performance of fixed
and flexible exchange rate regimes and the role of financial interlinkages, it only results in a
slight amplification in the effect of all shocks.

Secondly, I change the relative size of the small country. In the baseline simulations
I reduced the size of the small economy to zero, implying that its developments had no
repercussions on the foreign country. Now I set the relative size of the small country to 0.25:
while the Home country is still relatively smaller, it is not completely invisible in the eyes
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of the foreign country. This allows for stronger feedback effects between countries, which
operate mainly through trade channels. Allowing for greater intercountry feedbacks implies
that the Foreign country is going to be influenced by changes in international relative prices,
because now the share of imports from the Home country is not negligible in the Foreign
consumption basket, and this is going to have repercussions on the small country. Therefore,
the real exchange rate, which can be shown to be dependent on the opennes parameters
of the two countries, in turn related to the relative country size in this model®”, is going
to be influenced by domestic developments. The impulse-response functions (not shown for
space reasons but available upon request) show that the real exchange rate in this version of
the model is less volatile than in the baseline. However, this does not alter the conclusions
regarding the better performance of flexible exchange rates in isolating the economy from
external shocks, nor the interaction between exchange rate regimes and degrees of financial
integration.

29see for example XXX for a proof.
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Table 9: Volatilities Nominal Contract Model
Financial Autarky Bank Integration Full Integration

Float Fix Float Fix Float Fix

Foreign R shock

Output 0.4140  0.9700  0.3435 0.9700 0.3816 0.9700
Investment 0.0893  0.7759  0.3643 0.7759 0.1796 0.7759
Int.Rate 0.1041  0.2239  0.0901 0.2239 0.0980 0.2239
Asset Price 0.5829  2.2403  1.1065 2.2403  0.7907 2.2403
Inflation 0.1986  0.3143  0.1889 0.3143 0.1940 0.3143
Leverage E  0.0522  0.3288  0.1343 0.3288  0.0392 0.3288
Leverage B 0.1486  0.8882  0.4492 0.8882 0.2782 (.8882
Spread E 0.0983  0.0482  0.1333 0.0482 0.0932 0.0482
Foreign A shock

Output 0.0857  0.1108  0.0828 0.1162 0.0845 0.1090
Investment 0.0865  0.1084  0.1154 0.0901  0.0955 0.1141
Int.Rate 0.0166  0.0250  0.0175 0.0221  0.0169 0.0258
Asset Price 0.1466  0.1952  0.1846 0.1849 0.1654 0.2076
Inflation 0.0325  0.0184  0.0336 0.0161 0.0329 0.0193
Leverage E  0.0306  0.0361  0.0439 0.0232 0.0353 0.0386
Leverage B 0.0174  0.0334  0.0197 0.0186 0.0242 0.0369
Spread E 0.0264  0.0224  0.0307 0.0215 0.0330 0.0279
Foreign op shock

Output 0.0776  0.0852  0.0682 0.0695 0.0725 0.0774
Investment 0.0160  0.0091  0.0652 0.0678  0.0222 0.0280
Int.Rate 0.0174  0.0232  0.0130 0.0140 0.0154 0.0189
Asset Price 0.0275  0.0366  0.1810  0.1847  0.0907 0.0982
Inflation 0.0199  0.0270  0.0146 0.0156  0.0174 0.0217
Leverage E  0.0108  0.0107  0.0139 0.0141 0.0074 0.0092
Leverage B 0.0205  0.0268  0.0912 0.0921  0.0472 0.0502
Spread E 0.0132  0.0165  0.0479 0.0474 0.0150 0.0121
Foreign o shock

Output 0.0220  0.0244  0.0228 0.0274 0.0218 0.0245
Investment 0.0054  0.0026  0.0129 0.0090 0.0050 0.0027
Int.Rate 0.0055  0.0077  0.0058 0.0092  0.0055 0.0077
Asset Price 0.0095  0.0133  0.0179 0.0231  0.0096 0.0130
Inflation 0.0064  0.0091  0.0069 0.0107 0.0064 0.0091
Leverage E  0.0031  0.0027  0.0060 0.0082  0.0030 0.0028
Leverage B 0.0067  0.0091  0.0172 0.0190 0.0071 0.0091
Spread E 0.0043  0.0056  0.0021  0.0037  0.0042 0.0057

As a third robustness check, change the parametrization of the financial accelerator mech-
anism, since my calibration based on European data yields different values for the parameters
representing monitoring costs and idiosyncratic volatilities in the banking and entrepreneur-
ial sectors than in the paper by Ueda (2012), as shown in Table 10:
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Table 10: Alternative Calibration Financial Accelerator
Baseline calibration Ueda (2012) calibration

[0.50x] i gy 0.033 0.013
T 0.033 0.013
T 0.243 0.033
Iy 0.243 0.033

g 0.985 0.984
Ve 0.969 0.963

QK/NW, 0.490 0.5

QK/NW; 0.104 0.1
R*/R 1.0049 1.005

ZE — zF 0.0052 0.023°.25
ZF — R 0.0004 0.006°.25
F(wg) 0.0075 0.02
F(wr) 0.0015 0.02

As the alternative calibration does not alter the results, I omit the impulse-response
functions for space reasons.

6 Conclusion

This paper examines the interaction between financial interlinkages and exchange rate regimes
in a small open economy, obtained as the limit of a two-country DSGE model with real and
financial frictions. In particular, it compares the performance of fixed versus flexible ex-
change rate regimes in stabilizing a small open economy facing foreign nominal, real and
financial shocks.

The simulation results lead to a clear understanding of the mechanism through which
foreign shocks spill over to the small economy. While under financial autarky, the domestic
economy is affected by foreign disturbances to the extent that they influence international
relative prices and demand, financial linkages provide an additional transmission channel.
In particular, the domestic and foreign monetary policy responses to a shock are of key
importance in determining the role of financial linkages under the two exchange rate regimes.
While the role of financial linkages in magnifying the spillover of foreign shocks has been
studied in the recent literature, the role of exchange rate regimes is an issue not previously
explored. I find that, overall, the mundellian argument in favor of flexible exchange rates
holds irrespectively of the degree of financial integration. In fact, for all shocks, a fixed
exchange rate policy delivers larger output losses and higher volatility of real and financial
variables. Furthermore, my results reveal that the cost of pegging the exchange rate decreases
when the degree of financial integration increases. Finally, I find that the presence of financial
linkages increases the trade-off between inflation and output volatility faced by the central
bank of a small open economy.

The present study consitutes a first attempt to study moentary policy and financial inte-
gration in a New Keynesian model with cross-border lending. The analysis can be extended
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in several interesting directions, which will be the subject of future research.

First, it would be worth focusing on the characterization of the optimal monetary policy
for the small open economy, and assess whether the inclusion of domestic and/or foreign
financial variables in the taylor rule would lead to better stabilization performances and
welfare gains. Second, an interesting question to explore in this setting is whether financial
linkages increase the incentive of a small country to join a monetary union. Third, testing the
ability of the model to account for the transmission of the financial crisis through Bayesian
estimation would lead to interesting insights on the appropriateness of the chosen modeling
strategy in accounting for actual eocnomic dynamics.
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8.1 Model equations
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In what follows, the complete set of stationary equilibrium relationships are presented. In
equilibrium, only relative prices are define. In every country, nominal prices are deflated by
the composite price index, resulting in the following definitions:
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Hence, the following relationships linking relative prices and inflation are derived:
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The complete equilibrium conditions for the Home country are presented. An analogous
set of equations holds for the Foreign economy.
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H ( FH’t) PRIt +(1—7F) (QFt 1Krpia NWE‘,t—l)

€H

B 1—¢ p—
1 - 9H <ﬂ_; ) " " ' 1 —&€g
A — (1—9 ! Oy | — Api
Hit ( o) -0, + 0y (WH,t) Hit-1
l—eg 7 ngil
Ay, = (1—-6 1_0H( Ht) H 0 ! %HA*
Ht — ( - H) 1— 0y +UH ﬂ-*H,t Hit—1

(1=p,)
ps
] exp(f R,t)

B (Bea\™ | (mme)\™ (S0\7
R B R TH S
8.2 Expressions related to optimal credit contract

As in BGG(1999), the idiosyncratic shocks of domestic and foreign entrepreneurs and fi-
nancial intermediaries (Wi Wirpp Whn e Whp s Wi Wirp e Wi Wip,) are log-normally
distributed with E(w;;; = 1). I denote f(w;;) the probability distribution function and
F(w;;) the cumulative distribution function of w;;. Hence:

2 Wij 1 5 log @;; + 0.502
F (g5 —0—,0) = fwij)dwij = —/ e " dt = Nedf ( ng]: d )
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G(wij; o) = /“w Wijf(wij)dwij = Nedf <10gwij; 0.502)
0

D(wi;0) = @ij[1 = F(@y)] + Gwy; 0)

F/(wij;U) = [1 - F(@ij)]

G'(wij;0) = wijf(wij)

P(wij;0) = T(wij;0) — Mz'jG(Wij? o)

D (wij;0) = T(wij;0) = 1 G (wij; 0)

8.3 Steady state

As the model is not solvable in closed form, I perform the analysis by linearizing the model
equations around the non-stochastic steady state with zero inflation and no exchange rate
depreciation. In the deterministic steady state, all shocks are equal to their mean values, and
all (gross) inflation rates are equal to 1. Furthermore, marginal costs and markups are the
same for all firms in the economy, hence all relative prices are equal to 1 and price dispersion
is equal to 1. Finally, in the steady state consumption is equalized across countries and the
net foreign asset position is zero.
Assume Ayy = Ay = Ay = Ap = 1.

Wtzﬂrzﬂf:WiVT:ﬂ'f:ﬂ'iVT*Zl

Normalize nominal exchange rate:

St = 1
Use Consumption Euler:
1
Rt - B - Rz(
From the Tobin’s Q equation I obtain:
Qi=0; =1

8.3.1 Credit markets and financial frictions

The steady state of the credit market is computed assuming target values for six quantities:
(1) The risk premium for entrepreneurs (R” — R), (2) The leverage ratio for financial in-
%—”{:, (3) the leverage ratio of entrepreneurs %—V[I/f, (4) the annualized default
probability of financial intermediaries F'(@;), (5) the annualized default rate of entrepreneurs
F(F), (6) the spread between the FI ’s loan rate and the FI ’s borrowing rate (Z¥ — ZF')
and, finally, (7) the spread between the FI’s borrowing rate and the risk free rate (Z F_ R).
I choose the value of parameters related to monitoring costs in the contract between banks

and entrepreneurs (1) and between banks and lenders ("), volatility of the idiosyncratic

termediaries
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shocks (0¥, of"), steady state threshold productivity levels (0%, &%) and survival rate of en-
trepreneurs and financial intermediaries (v*, ¥¥') to match the aforementioned steady state
quantities.

In the calibration I assume that countries are fully symmetric, including in the degree of
financial frictions, both within and between countries. This implies that domestic (foreign)
financial intermediaries incur the same cost of monitoring domestic and foreign lenders, and
domestic (foreign) lenders are subject to the same cost of monitoring domestic and foreign
financial intermediaries. Furthermore, these costs are equalized across countries.

Given values of 0% o and ok, ok, and a target value for the default probabilities in
each sector F(0f;oh), F(0F; 0f) and F(&k;0h), F(@wh;ok), I can calculate the threshold
productivity levels:

log @s; + 0.502
@ij:chf1<ogw]+05a)
o

Now i can calculate the following quantities:

- i - i 1
Fa/;(wz'j;Uj) = f(wij50j) = ﬁdif (

(,L)ijO']

i

log @;; + 0.50?)

Glayiot) = [ w(@)io = N

g

10g (Dij - 0.50’2)

[(wij;0) = @i (1 = F(wij;0)) + G(wij;0)
I (@iji0) = 1= F(@y)
G;((Dw, O') == (DUFL:(@U’ 0')
Given ,ué- , I can calculate:
(53 U;) =[(w;j;0) — :uijG((Dij; o)

D, (05 0) =T, (@ij50) — MijG;(‘DU;U)

Assume countries are symmetric, i.e. they have the same degree of financial frictions

E_ Bx_ E _F _ _Fx _ F E _ Ex_ E F _ Fx _ F —E _ ~Fx _ —F
(U =0 =0,0 =0 =0, = =g, =g =R, W =W = w,
o' = of* = @") and the same degree of openness (75 = 76 = 7', 78 = 78 = 7F).

Then from the first order conditions of the optimal contract in country H (recall that in
steady state, Ry = R = %)
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RE{[u—r@ﬂpg%ww+rwwﬂ@@ﬁﬂ-Kr—;gﬂ)u—fﬂ+wl—r@ﬁ»7ﬂ+-}:
i D0 (@) ' (@F) (1- T (@7)) + ol (@F) @ (@F) @ (F)
I (&), g
_Rtb’E@F;F (w )
RE P (a7

And,similarly:

RE rer T (@°)
R { (@ (&F) F’F/(af) + @ (W) [1-T (@®)]] [(1 - ;F)F[l —T @]+ [1-T @"]] }
) (@F) @ (@F) [1 - T (@F)] + ST (o7) @ (o7) @ (a7)

Given symmetry, it results that:

Ry _ R _ Ry _ Ry
R R* R R*
Part. constraint entrepreneurs borrowing from FI H

K= (]_—TE>KH+7'EKF

[1-T (@")] REQKy = RENWE (53)
NW*
o, = =T (@)
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[1-T (&%) RFQ*K}; = REFNW™* (54)
NWE* ~
S - 1T
Part. constraint entrepreneurs borrowing from FI F:
K =7°Kj,+ (1 - 7F) K,

[1-T (0")] REQKr = RENWF (55)
NWE
o = [1-T ()]

[1-T (0")] REFQ*K}, = RE*NW* (56)
NWE*
o = [1-T @)

From previous 4 equations + definition of aggregate capital I get:

NWFE B [ TE (I—TE) ] T (oF
ok~ |irem Ta-reny] e
N E* B [ B (1_7_E) __1_ B o
o " |it@ fiorem) CUoTE

Part constraints lenders to FI H:

(1—=7")R"[(1=7") (QKu — NWF) + 77 (Q*Kj; — NWF*)] - & (@) (57)
=R(1-7"[(1-7") (QKy — NW") + 77 (Q*K}; — NW"*) — NW*]

TR [(1 = 77) (QiKyg — NWF) + 77 (Q* K}y, — NWF)] - & (@)
=R [(1-77) (QKu — NWP) + 75 (Q*K}; — NWF*) — NW'] (58)

The two expressions are equivalent in steady state as R = R*. Furthermore, if countries
are symmetric: QKy = Q*K}; = QK and NW¥ = NW¥* so that:

_R—; (QK = NWF®) - @ (&") + (QK — NW¥) = NW*
(QK — NWF) {1 — Rg X (@F)} = NW*F (59)
(1—]&2 ) [1_%@(@1?)]:]1;; (60)



Part constraint FI H:

[(1-7")REQK® (0") + "R Q* K} ® (07)] =
= R [(1=7") (QKu = NWP) 4+ 7% (@K — NW™)] (61)

Again imposing symmetry:

® (wF) _ R
(-%5) ™

Similarly for foreign financial intermediaries:
Part constraint lenders to FI F:

PR TP (QKp — NWP) + (1 = 77) (Q"Kf — NWF)] o7 (0F) (62)
= Rr" [77 (QKr — NWP) + (1 = 77) (Q*Kj — NW"*) — NW ']

(1—7")R"™ [TE (QKr — NWP) + (1 —7%) (Q* Ky — NW")] o (&7) (63)
=R(1-7 [P (QKr — NW") + (1 - 77) (Q*Kj — NW"*) — NW]

So that:

Ex Fx Fx
L NW _R o (o) _NW

can be derived from the participation constraint of foreign Fls:

(1 - gﬁfﬁ) is

Finally, using the default threshold definitions (equations (46) and (47)) I can compute
the steady state loan rate to entrepreneurs and to financial intermediaries (interbank rate):

—ERE
(1-24¢)
o R" (QK — NW*) = Z; [(QK — NWF) — NW']

b RF <1 - Ng;’f)

(CEORS
QK QK
Given the steady state values for the financial side of the model, I can solve for variables
pertaining to the real sector.

IV =2y =2 =7 = Zp =
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8.3.2 Real side of the model

Given RE, I can use equation (34) to compute r:

1
MCy =2
EH
Ay = A} =
K aMC
Y rk

K=—H
K\
Y =|— K
(+)
And then calculate:
I =0K
NWE
NWF = K
v (QK>
NWF
NWE = K
v (@K)

VP =[1-T"(0")] R"QK
VE=[1-T" (&")] R" (QK — NWF)
Then I can back out v* and +F:

VE
VF
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CF = (1) [1 - T* (@¥)] REQK
CF = (1—7F) [1 - T (@")] R¥ (QK — NWF)

Steady state monitoring costs incurred by entrereneurs and FIs are given by:

M = pPG (&%) RPQK + "G (@") R" (QK — NWF)

Now use the goods market clearing conditions for the Home and Foreign countries to
solve for the steady state Home and Foreign consumption:

Yi—(1—=~)(Ip+CE+CE) -

O 1 (1 =) g% (Un + Ch +Cf) — Gp — My
F |:(1 — ) — (17’7)’7*] o (1) Yy -Gy —v (IH + Cg + Cg) —
T b 2 (4 4 )

(1—n)

1

Now I can solve for the remaining variables:

Yu
K = MC——F——
(1—30xn)
Yu
P = —
(1—30n)
~ EH KP
Py = —
" eg—1FP
B 1
= Cut—n)
Gzl p W
Xt = T He P
ew—1 HWp
KY =
Ew (1_6011})
w XHH@
F _AH
(1_ﬂ9w)
W =W
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8.4 Figures

Figure la: Foreign interest rate shock: Floating Exchange Rate
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Figure 1b: Foreign

interest rate shock: Fixed Exchange Rate
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Figure 2a: Foreign productivity shock: Floating Exchange Rate
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Figure 2b: Foreign productivity shock:

58
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Figure 3a: Foreign op shock: Floating Exchange Rate
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Figure 3b: Foreign op shock: Fixed Exchange Rate
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Figure 4a: Foreign oy shock: Floating Exchange Rate
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X 10'3 Terms of Trade X 10'3 Net Worth Ent H X 10'3 Net Worth Bank H
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Figure 5a: Nominal Contract:Foreign interest rate shock
Flexible exchange rate
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Figure 5b: Nominal Contract: ForeignProductivity shock
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Figure 5c: Nominal Contract:Foreign o5 shock
Flexible exchange rate
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Figure 5d: Nominal Contract:Foreign oy shock
Flexible exchange rate
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