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Abstract

This paper provides an explanation for the observed decfittee exchange rate pass-through
into import prices by modeling the effects of financial maikéegration on the optimal choice of
the pricing currency in the context of rigid nominal goodges. Contrary to previous literature,
we take the interdependence of this choice with the optiratfglio choice of internationally
traded financial assets explicitly into account. In pattgiprice setters move towards more local-
currency pricing and portfolios include more foreign debsets following increased financial
integration. Both predictions are in line with novel emgdiievidence.
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1 Introduction

Exchange-rate movements play an important role for econdmielopments, mainly via their impact
on international trade and on the valuation of cross-boadset positions. Key variables for both
channels, trade and financial, have changed significandy cent decades, with the decline in the
exchange rate pass-through being the most prominent @tigenfor the trade channél.Previous
literature has investigated these two channels individudle argue that this masks an important part
of the picture and take their interdependence explicittp imccount. We find theoretically that the
currency decomposition of international financial poitielhas a strong bearing on the value of the
exchange rate pass-through, which allows us to explain lbserged decline of the latter over time.
Specifically, we demonstrate that international finanamigration, measured by the number and
nature of available assets, affects the optimal internatiportfolio compositions of domestic relative
to foreign bonds and equities, which in turn influences theharge rate pass-through indirectly but
strongly. We present supportive novel empirical obseovetishowing that an increase in equity trade
is positively associated with a decline in the holdings ahéstic relative to foreign net debt positions
(that is, a fall in the debt home bias) and a falling degreexohange rate pass-through, as predicted
by the modeP

Over the last two decades, an unparalleled expansion ih @ade has indeed taken place. The left
panel of Figure 1 shows the sum of portfolio equity assetdiabdities plus the sum of foreign direct
investment assets and liabilities over GDP (blue solid))ias reported in the updated and extended
version of the data set constructed by Lane and Milesi-Ee(@907), over the time period 1990 to
2004 for a broad set of countriésAs visible, trade of equity has grown impressively relativ&sDP
post 1987, the start of the “financial globalization peri¢ge Kose et al., 2009), as well as relative to
total debt assets and liabilities pictured by the black dddime in the same panélAt the same time,
holdings of net debt positions in domestic relative to fgneturrencies have declined internationally.
In the right panel of Figure 1, we plot the net debt in domestiorency less net debt in foreign
currencies over GDP (blue solid line) and over total debetassnd liabilities (black dashed line), for
the same country group as above. Hence, the empirical esgdghrows a trend towards holding debt
in foreign currency, such that domestic agents benefit frolmpaeciation of their own currenéy.

To explain the shifts in international portfolio compositiand the falling exchange rate pass-through
simultaneously, we develop a two-country stochastic gdregquilibrium model of optimal portfolio

1For example, lhrig et al. (2006) report a statistically #figant decline in the average exchange rate pass-through
between 1975-1989 and 1990-2004 in the G-7 countries. iB@®2), Marazzi et al. (2005), and Gust et al. (2010) have
established similar results concentrating on the U.S.len@tani et al. (2003) draws corresponding conclusion fpada
The study of cross-country trade between EMU and non-EMUht@s by Campa et al. (2005) also suggests a decline in
the exchange rate pass-through in a majority of countriesthErmore, the International Monetary Fund (2006) shows a
considerable fall of pass-through into import prices fon@ge, France, Germany, Italy, Japan, the UK, and the US from
the period 1975-89 to 1990-2002. Frankel et al. (2005) andsBGlet al. (2008) document a particular strong decline for
emerging economies. HM Customs and Excise (2001) reporeslaction of the share of UK imports priced in pound
sterling between 1999 and 2002 by 18 per cent. See also T@@lee) and Campa and Goldberg (2002).

2\When referring to equity trade in the empirical and thecedtparts of the paper, we always include FDI. The relevant
property for our analysis is the state-dependency of theffsmthat depend on demand and technology, which is shared by
both types of investments.

3We use this time period throughout the paper due to the dittijaof data on the currency denomination of foreign
debt holdings. Appendix B provides a detailed descriptibtihe data, including a country list.

4Arguably, falling transaction costs and reduced inforovai frictions have triggered this development, which vieta
as given in the present analysis. Exploring the exact reafeonhe financial globalization is beyond the scope of thisap.

SSimilarly, Bertaut and Griever (2004) document an incréaske portfolio weights oforeign long-term debt between
1997 until 2001 for Australia, Denmark, the Euro Area, thetethKingdom, and Sweden.
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Figure 1:Sum of portfolio equity and FDI assets and liabilities ov&®S(left, blue solid line) and divided by
sum of debt assets and liabilities (left, black dashed Jine¢rage debt home bias over GDP (right, blue solid
line) and divided by sum of debt assets and liabilities rithack dashed line) in percentage points. Country
sample: see Table B-3. Sources: Lane and Milesi-Ferr&@i{pand Lane and Shambaugh (2010).

choice and endogenous pricing currencies in which we aadhearelationship between the exchange
rate pass-through and international financial integraitictietail. In particular, starting from a world
with trade in nominal bonds only, we add the possibility afde in equity, representing increased
international financial market integratiériThe expanded set of tradable financial assets allows agents
in both countries to hedge more effectively against shodkisadythe economies. Foreign debt proves
useful to stabilize income after the occurrence of demastlidiances, but also displays unwanted
volatility of its return in case of nominal disturbancesglsias monetary policy shocks. Using interna-
tional equity holdings, this side effect can be countexheted agents can make more use of foreign
debt to hedge against demand shotRe re-balancing of optimal international cross-counsyed
holdings does not come without an effect on other varialezur general equilibrium model, espe-
cially on the nominal exchange rate. Since it is the key Wweidor firms deciding to pre-set their
export price in their own currency (full exchange rate péssugh) or in the local currency (incom-
plete exchange rate pass-through), financial market deepeiill have a strong bearing on the level
of pass-through. Specifically, international trade of @gsicreates a larger impact of productivity dis-
turbances on the nominal exchange rate, as these shockstiralagive profits. With trade in equities,
profit differentials across countries change relative egate demand and thus move the exchange
rate. Since productivity disturbances also change mdrgivets, their correlation with the nominal
exchange rate increases. To avoid high production in timhésgh marginal costs, firms decide to
price predominantly in local curren€yConsequently, when international financial markets areemor

5Thus, the degree of international financial integration é&asured by the amount of financial instruments available to
insure against different types of risk. Kose et al. (200¢uerthat this quantity-based measure is best suited toreaptu
international financial integration.

"Coeurdacier and Gourinchas (2011) have shown that themqmesébond trade, additional to trade in equity, matters for
hedging possibilities and equilibrium portfolio alloaats. They do not, however, investigate the interaction wfitimal
price-setting.

8The positive effect of a higher correlation between marginats and the nominal exchange rate on the optimal usage
of local-currency pricing has been shown by Devereux et28l04). In a previous version, Devereux and Engel (2004)
find that switching from a bond-only international finanaizrket to a complete set of state-contingent assets ires¢has
importance of relative instead of absolute monetary stalbdr price setting. As their model features only monetdistur-
bances as a source of fluctuations and does not endogenizebpbrtfolio decisions, we see our paper as complementary
Similarly, our analysis adds to the insights of Engel andddatoto (2009), who show that an explicit exchange-raterinsu
ance can induce the same allocation as trade in a completetnaetup. In our model with more shocks, bond and equity



integrated, the exchange rate pass-through declines. Aalaffect, again illustrating the interdepen-
dencies between the different channels, a lower passghroeduces the boost in business income
that is triggered by an exchange-rate depreciation anegsexy an automatic hedge against shocks
that put downward pressures on consumption and the exchatgaimultaneously. To substitute
for this channel, households hold even more foreign dehbtsalue increases with a depreciating
exchange rate. This implies that the debt home bias faltadur

Despite the importance of the exchange rate pass-througheifare and optimal monetary policy,
there have been relatively few explanations put forwardefgulaining its recent declir. Taylor
(2000) points out that in (increasingly prevailing) lowflation environments the persistence of infla-
tion is lower, which also reduces the persistence of cogtgdmand the incentives to change prices
after exchange-rate movements. Campa and Goldberg (200fyre the negative correlation be-
tween lower inflation rates and lower pass-through, buibate this to the shift of imports towards
goods that exhibit a lower degree of pass-through. Gust €2@10) argue that increased trade in-
tegration, combined with higher productivity growth odisithe US and a non-constant elasticity of
substitution between goods, explains the reduced passeghrin the US. Our explanation for the
falling exchange rate pass-through via an increased mtiermal financial integration does not contra-
dict the above hypotheses as it can be one of several impdaietors explaining the decline in the
exchange rate pass-through.

By modeling the link between the trade and the financial ceame combine two separate strands
of literature. On the one hand, the above mentioned theatgtapers deal with the determinants
and effects of local-currency pricing vs. producer-cucsepricing, while the optimal international
portfolio choice is subject of a distinct body of literaturdlost importantly, we use the method
developed by Devereux and Sutherland (2011) to solve foopiienal composition of each country’s
debt and equity portfolio in terms of currency denominatidhe insights obtained from considering
both channels might be particularly important for groups@dintries that move towards a currency
union. The preceding financial market integration can redexchange rate pass-through, lowering
the costs of giving up the nominal exchange rate as a chahad|ustment after idiosyncratic shocks,
see Engel (2000) and Devereux and Engel (2003). To the besirdnowledge, this aspect of the
endogeneity of optimum-currency-area criteria has not le@lored so far.

The remainder of this paper is organized as follows. In 8aciwe provide empirical evidence on
the link between international financial integration argliticrease in debt home bias on one side and
the degree of exchange rate pass-through on the other.o8atiescribes our theoretical framework
and lays out the optimal portfolio choice under alternaigsumptions regarding financial markets.
Section 4 describes analytical results regarding thedotem between international financial markets
and the pricing-currency choice for a simplifying calilwat and presents numerical simulations for
the general case. Section 5 concludes. In Appendix A we sbhb/enodel for unrestricted parameter
values, while Appendix B lists the sources for all data usedughout the paper.

holdings serve as imperfect substitutes for such an insaran

90bstfeld and Rogoff (2000) highlight the importance of tasgthrough by showing that with full exchange rate pass-
through it is not desirable for monetary policy to targettioeninal exchange rate in terms of welfare. A floating excleang
rate allows for the adjustment of relative prices and hedptabilize output and other macroeconomic variables ipaese
of an external shock. However, if exchange rate pass-tir@igmcomplete the exchange rate becomes powerless to alter
relative prices and, hence, the shock-absorbing mechamiisarfloating exchange rate evaporates (Devereux and Engel,
2003). An important consequence is that under these asgnsptountries should adopt a monetary policy oriented at
minimizing exchange-rate fluctuations to improve welfa@gher studies showing the importance of pass-through dieclu
Betts and Devereux (1996, 2000), Engel (2000), and ObstfeddRogoff (2002).



2 Empirical evidence

We start by investigating the empirical connection betwae@nmain variables of interest. This anal-
ysis is not meant to deliver a full characterization of theada order to establish causal links, which
is beyond the scope of this paper, but to give a motivationtardémonstrate that the model predic-
tions are in line with empirical observations. In particulae use regression analyses to identify the
relation between financial integration, measured by irtional equity trade and FDI, and the debt
home bias as well as the exchange rate pass-through. Thbatabtbias (dhb) is defined as net debt
holdings in domestic currency minus net debt holdings ieifpr currency. Our empirical analysis
shows that higher levels of equity trade are associatedandtcline in both the dhb and the exchange
rate pass-through. Our theoretical model of Section 3, kvhiicludes optimal decisions on the dhb
and the exchange rate pass-through depending on the lefielaotial integration, then delivers a
theoretical explanation for these observations.

To analyze the connection between increased trade in eapitya falling debt home bias we conduct
a panel regression analysis of 109 countries covering itine pieriod 1990-2004. In Columns (1)-(4),
Table 1 shows a significant negative relationship betweerstim of portfolio equity and FDI assets
and liabilities on one side and debt home bias over GDP (agatkefibove) on the other. We use
robust regressions, discard outliers, and cluster stdretaors at the country levé?. We control for

a set of other variables that might influence the debt home dnia include time and country fixed
effects in the pooled OLS regressions. The controls are D& &g population, the updated Chinn
and Ito (2006) index for the capital account openness, nairexover GDP, net foreign assets (NFA)
over GDP, and total debt (log of debt assets plus liabi)iti#ge include the index of Chinn and Ito as
restrictions on debt and equity trade could have an impathemelative size of these two variables.
Furthermore, Columns (5)-(9) show that the negative effédbtal equity trade is also present if
debt home bias over total debt (sum of debt assets and fiegjlis used as the dependent variable.
Regarding the size of the effect, an increase of one pegergaint in the sum of equity and FDI
assets and liabilities over GDP decreases debt home bia&s@/f by around .35 percentage points,
and debt home bias over total debt by around .24 percentdgés o our preferred specifications
in Columns (3) and (7). Importantly, this effect is also r@sif we control for total debt in both
sets of regressions. Both results are statistically siamfi at the 1% and 5% level, respectively.
Specifications (4) and (8) in Table 1 implement the mean gestimator of Pesaran and Smith (1995),
allowing for heterogenous slope coefficients across cmmtiThis estimation results in even larger
and more significant coefficients for both specifications. d&e therefore conclude that the more
equity is traded internationally, the lower is the debt hdmas. This implies that agents choose a debt
portfolio from which they benefit more in case of a depreoiaf their own currency.

Unfortunately, we lack a similar comprehensive data set@hange rate pass-through. Our analy-
sis is therefore restricted to smaller samples, which cae gs only indications of the relationship
between pass-through and equity trade. As we are intergsthd impact of financial integration of
a given country on the behavior of its domestic firms, we firgtlgze the share of exports priced in
the currency of the exporting country in Table 2, columns(g)) Kamps (2006) provides an unbal-
anced panel of 17 countries, ranging from 1994 until 2804 lower number indicates that fewer
prices react to movements of the nominal exchange rateyingph lower degree of pass-through. As
exchange-rate and inflation volatility are likely to infleenthe level of pass-through, they are also

19see Appendix B for the country list, data sources, a desornipif the data selection, as well as summary statistics and
correlations. Note that in this specification both the dejean variable and the regressor of interest are divided bi?.GD
This does not introduce a correlation as we find a negatiatioakhip between the two.

"countries and descriptive statistics are listed in Appeidi



Table 1: Impact of equity trade on debt home bias over GDPtal tiebt

1) (2) ©)) (4) (5) (6) (7) 8
dhb/gdp dhb/gdp dhb/gdp dhb/gdp dhb/debt dhb/debt dhb/dith/debt

(Eq. & FDI)/GDP -0.414" -0.369** -0.346"* -0.565** -0.337** -0.269* -0.243* -0.854**
(0.114) (0.102) (0.106) (0.091) (0.112) (0.106) (0.105) .1¢B)

NFA/GDP -0.763** -0.553** -0.543** -0.738** -0.428** -0.483** -0.424** -0.957**
(0.067) (0.061) (0.062) (0.075) (0.067) (0.106) (0.093) .119)
log(Gross Debt) 0.214* 0.150* 0.030 -0.080 -0.057 -0.458
(0.053) (0.066) (0.045) (0.088) (0.085) (0.095)
Openness -0.130¢ -0.150** -0.072 -0.23¥* -0.185* -0.089
(0.048) (0.044) (0.041) (0.096) (0.071) (0.079)
Net Exp. -0.135 -0.133 -0.054 -0.069 -0.044 -0.023
(0.082) (0.084) (0.072) (0.090) (0.089) (0.126)
Chinn-Ito -0.023 0.001 -0.011 0.003
(0.012) (0.004) (0.013) (0.005)
log(GDP/Pop.) -0.083 -0.078 -0.029 -0.117
(0.052) (0.031) (0.063) (0.047)
log(Pop.) -0.480¢ -0.070 -0.143 -0.052
(0.187) (0.134) (0.260) (0.253)
Constant 0.079* 0.076 1.952* 0.902* 0.263** 0.420** 0.969 2.144*
(0.027) (0.048) (0.739) (0.411) (0.031) (0.081) (1.065) .780)
T&CFE Yes Yes Yes No Yes Yes Yes No
Observations 1414 1375 1351 1099 1414 1375 1351 1099
Adjusted R? 0.624 0.669 0.684 0.311 0.334 0.376
F 27.900 39.097 44.218 8.362 8.574 8.882

Robust standard errors (clustered at the country leveBiiemqtheses < 0.10 is denoted by, p < 0.05 by **, p < 0.01 by

***_ dhb/gdp=debt home bias (net debt in domestic currencysmietdebt in foreign currencies) over GDP, dhb/debt=debt
home bias over sum of debt assets and liabilities, (Eq. & FEDP=sum of equity assets and liabilities plus sum of FDI
assets and liabilities over GDP, NFA/GDP=net foreign asseer GDP, log(Gross Debt)=log of sum of debt assets and
liabilities, Chinn-lto=index of financial openness fromif@mand Ito (2006), Openness=Sum of imports and exports over
GDP, Net Exp.=net exports over GDP, log(GDP/Pop.)=log offGiver population, log(Pop.)=log of population, T & C
FE=time and country fixed effects. Columns (4) and (8) dispésults from mean group estimators. Data sources ard liste
in Appendix B.



Table 2: Impact of equity trade on share of exports pricecbimé currency

1) 2) ) (4) (5) (6) (7) 8
PCP PCP PCP PCP PCP PCP+VCP PT PT
(Eq. & FDI)/GDP -0.23%9* -0.250™* -0.219* -0.362** -0.347** -0.218* -0.316* -0.283
(0.083) (0.082) (0.095) (0.095) (0.109) (0.077) (0.138) .160)
log(Gross Debt)  0.286* 0.232** 0.246™* 0.323** 0.315** 0.043 0.131 0.203*
(0.075) (0.045) (0.054) (0.053) (0.072) (0.051) (0.075) .070)
Inflation Vol. -0.027 0.146 0.235 -0.534 -0.436 -0.488 -84.2 74.718
(0.075) (0.531) (0.555) (0.572) (0.609) (0.432) (426.00937.904)
Exch. Rate Vol. -0.005 -0.003 -0.005 0.020 0.023 0.005 .84 -4.447
(0.003) (0.029) (0.030) (0.031) (0.032 (0.023) (6.167) .508)
NFA/GDP -0.112 -0.006 0.042 0.085 0.045 -0.130
(0.079) (0.131) (0.104) (0.168) (0.119) (0.140)
Chinn-Ito 0.016 0.017 0.024 0.033 -0.014 0.070
(0.011) (0.017) (0.012) (0.022) (0.016) (0.098)
Openness -0.071 -0.015 -0.134 -0.053 -0.147 -0.251
(0.081) (0.106) (0.099) (0.176) (0.125) (0.145)
Net Exp. 0.133 0.239 -0.074 -0.442
(0.332) (0.375) (0.266) (1.837)
log(GDP/Pop.) 0.055 0.041 0.019 -0.043
(0.054) (0.133) (0.094) (0.124)
log(Pop.) 0.160 0.491 -0.324 -0.052
(0.687) (0.784) (0.556) (0.062)
Time 0.001 -0.003
(0.003) (0.005)
Constant 0.160* -1.288 4438 0.273* -1.880 1.969 0.714* 1.192
(0.034) (6.722) (8.753) (0.081) (2.772) (1.966) (0.085) .17p)
TFE No No No Yes Yes Yes No No
Observations 53 53 53 53 53 53 25 25
AdjustedR2 0.591 0.576 0.554 0.634 0.599 0.410 0.242 0.558
F 2006.731 11.221 7.862 6.312 5.033 3.143 2.911 4.034

Robust standard errors (clustered at the country levelfiitst column) in parentheses. Specifications (1)-(6) iskelcoun-

try fixed effects. Additional to explanations below TablePICP=share of exports set in home currency, PCP+VCP=share
of exports set in home currency or US dollar or euro, Inflatoh=variance of quarterly inflation in the preceding three
years, Exch. Rate Vol.=variance of quarterly nominal efflecexchange rate in the preceding three years, PT=exehang
rate pass-through into export prices. Data sources are jregix B.



included as control variables (a preceding three-year evindias used for their construction). Be-
cause of the lacking degrees of freedom, only column (1) witeduced set of regressors features
standard errors that are clustered at the country level.cbaamize on the degrees of freedoms a
linear time trend is included in columns (2) and (3) inste&de fixed effects, which are used in
columns (4)-(6). Columns (1), (2), (4), and (7) include osiybsets of all regressors for the same
reason. Given these limitations, we find a relatively straegative relationship between financial
integration and producer-currency pricing. A one-peragetpoint increase of gross trade in equities
and FDI is associated with a reduction of the share of exgwited in the home currency of around
.35 percentage points, depending on the specification.eTdrertoo few observations per country for
a group mean group estimator. Export prices that are nohsgmestic currency can also be set in
vehicle currencies, such as the US dollar or the euro. Tlsis shares some properties from both local
and producer-currency pricing. Developments in the impgrtountries that affect its exchange rate
relative to the vehicle currency alter its import prices. @& other hand, foreign developments that
only affect the exporters’ exchange rates towards the iekiorrency do not change goods’ prices
in the currency of the importing country. We hence conduablaustness check in column (6) by
using the sum of the shares of export goods priced in homemeyy US dollar or euro as the de-
pendent variable. We find a clear negative relationship eetwfinancial integration and producer or
producer-plus-vehicle-currency pricing across speditioa.

The dependent variable of columns (1)-(5), that is the sbérexports priced in the currency of
the exporting country, corresponds closest to the mairabliof interest in our theoretical model
of Section 3. It is nevertheless instructive to relate aafimeasure of pass-through to financial
integration. To this end, we employ data from Choudhri andufia (2015). They estimate, among
others, the short-run pass through of the nominal effeark@hange rate into export prices for 34
countries. We relate their values (based on the period 20719) to the averages of our independent
variables over our sample period. Given that we end up with b observations, we do not drop
outliers in this regression. Because of this small sampke $ihe results, presented in columns (7) and
(8) of Table 2, have to be taken with caution. It is, howev#geresting to see that the resulting impact
of international equity trade on pass-through is very sintib the estimates for the impact on the PCP
share in columns (1)-(6).

We can summarize our empirical assessment by two main eraldimdings: higher levels of interna-
tional equity trade and FDI are associated with lower debtdibias and more exporting firms pricing
in producer currency (a smaller degree of exchange ratetpemsgh). The next section presents a
model that is able to replicate these empirical patternslibyimg for both an endogenous portfolio
choice by households and optimal price-setting behavidirins.

3 The Model

This section presents a formal analysis of the effects @fimattional asset trade on the exchange
rate pass-through. The analysis builds on Devereux andl E2@@3) and similar models. There is

a stochastic two-country world in which agents of the hotHe,and foreign,F', country produce
traded goods. Both countries are of the same size, have syimsteuctures, and their inhabitants are
indexed by numbers in the intervi@l, 1]. Home agents consume a continuum of differentiated home
and foreign goods. Each household provides labor to the siicmaonopolistic firms. Firms set their
home and export prices prior to the realization of aggretgatienology disturbances, monetary policy
shocks, and demand disturbances. The latter are inducée fiigt¢al authority in each country. Firms
meet demand at the pre-set price. Foreign country conditisnose variables are indicated by an



asterisk, are defined analogously.

There are two periods. In periad= 0 no output is produced and no consumption takes place but
households trade assets in international financial mabkfdse any shocks occur in the economies in
periodt =1. Two different international financial asset market stutes are assessed. Households can
either choose the amount of money they like to invest in hanaefareign nominal bonds, or in home
and foreign nominal bonds as well as equities (i.e., claim¢he future profits of home and foreign
firms). Moving from an asset market where only nominal bondgraded to financial markets where
both nominal bonds and equities are held is interpretedtamistional financial market integration.
After asset trade has taken place, firms decide whether tegtrthe price of their export good for
the next period in their own currency (i.e., producer-cuckepricing, PCP) or in the currency of the
importing country (i.e., local-currency pricing, LCP).periodt =1 households decide about money
balances, consumption, and labor supply, while firms predun sell goods that consumers demand,
once uncertainty is resolved. For ease of notation, we oahotk period O variables with a time
index.

3.1 Households, firms and international financial markets

Preferences and demand for goods Expected utility of the representative household is insirean
in the aggregate consumption indéxand real money balancég/ P, and decreasing in the disutility
of work effort L, all in period1:

1— v
U=E u—l—xln%—KL— . Q)

1—0p P v
The expectation operator across states of natures in pesed given datet = 0 information is
denoted byFy. The parametep > 0 is the degree of relative risk aversiana 1 is the inverse of the
elasticity of labor supply whilec and K are strictly positive parameters. Total labor supplgf the
representative household is distributed across monajediisns of unit mass, indexed by, so that
L= fol L(z)dz. The consumption inde&’ is a composite of domestic goods and goods produced
abroad,

n
1 1 n—1 n—1

n— _1
C=larCy +(1-ap Gy |, with P=[aP"+(1-a)Pi"]", @

being the home consumer price index. The elasticity of gulisih between home and foreign goods
n > 0 governs the sensitivity of the allocation between home aneign goods with respect to rel-
ative price changes. The paramete= 1 — n/2 measures the share of home goods in the home
consumption basket in case of equal prices (see Suthe2808), where trade openness is measured
by the parameted < n < 1. This formulation accounts for the empirical consumptiaastiowards
tradable goods produced locally. In case of complete trag@mess{= 1), there is no home bias in
consumption, i.e., domestic and foreign households coagqual shares of home and foreign goods.
In case of =0, both countries are completely closed. Home and foreigmlgaoe each consumed in
constant-elasticity-of-substitution bundles of diffetiated products, witlr > 1 reflecting the elastic-

ity of substitution between differentiated goods. All hogaods sold domestically by local firms are

priced in domestic currency, resulting in the bun(ﬂg:(fo1 CH(z)%dz)ﬁ with the correspond-

ing price indexPH:(fO1 PH(z)l_"dz)ﬁ. Imports can be priced either in the consumer’s (LCP) or
exporting firm's (PCP) currency. It is assumed that the foact* of firms in the foreign country



employs LCP, and the remaining fraction- z* are engaged in PCP, such that

1

PF(z)l—Udz + /:I(SP;(,Z))l_Udz> . for CF = </ CF dZ) o . (3)

(1

The nominal exchange ratéreflects the home currency price of one unit of foreign cusyernal-
ogous conditions hold for the export goods of the home cguHty with Z reflecting the fraction of
home firms deciding for LCP, while the remaining fractibr- Z of firms follows PCP. Maximizing
(2) subject toPC = PyCy + PrCr leads to the following demand functions for home and foreign

goods
Pyg\~ P,
CH_a<]f> C and CF_(1—a)<]f> C, )
with the demand functions for individual home and foreigiod® given by
CH(Z) = (PH(Z)/PH)_OCH forz = o,..,1, (5)
LCP —a
Cr(2) =<M> Cr for=0,..., 2",
Pr
PCP —o
Cr(z) = <M> Cr forz=2*..1,
Pr

showing thatz* foreign firms provide the home country with the foreign goo@ @rice charged in
home currency andl — zZ* at a price in foreign currency. Analogous demand functiguyafor the

home good consumed in the foreign country. Our goal will beéeiavezZ andz* in equilibrium, given

the underlying international financial market structure.

International financial markets and budget constraints We assume two different international
financial market structures: in perioe-0, international asset trade may take place in nominal bonds
(NB) or in nominal bonds and equity (NBE). Thus, the degremtafrnational financial integration is
measured by the amount of financial instruments availabiestore against different types of risk.

Trade in bonds only (NB economy)
When international financial markets are less integratesl @issumed that only trade in home and
foreign nominal bonds can be conducted in petiedd. Bonds are in zero net supply in each period
such that

BH—FB;}:O and BF—I—B;;:O, (6)

whereBy (Br) are domestic (foreign) nominal bonds held by domestic @baisis and37; (B7) are
domestic (foreign) bonds held by foreign consumers. Honmelbare denominated in home currency
and foreign bonds in foreign currency. For given prices ahbgp g, and foreign bondsp};, and an
initial net foreign asset position of zero, the home houkkfaxes the following budget constraint at
timet=0

pBy — SoppBr = 0. (7)

The foreign budget constraint at= 0 can be written in terms of the currency of countty as:
Sopp Br —ppBj;. Furthermore, due to symmetry the price for bonds is imytiglentical andS, = 1.
Consequentlypp = pj holds andBy = —Br and B}; = —B7. If country H (F') goes short in



its own bonds By < 0 (B}, < 0), this implies that this country holds a positive positiorfareign
bonds,Br (Bj;). Using (6), this can be written as

BH:B} and B?{:BF.

We can thus summarize holdings of the respective own bonds-a$3; = B},. Our goal will be to
solve for B. B < 0 then implies that country¥f borrows in domestic currency and lends in foreign
currency. H would in this case benefit from a depreciation of its curren&iter the realization of
shocks in period = 1, the representative household derives its income by suqgplabor at the
nominal wage rate and by receiving nominal profits from ddiogdgms as well as returns from
bond holdings determined in the previous period. Turninghto expenditure side, the household
consumes, holds money/, and pays lump-sum taxes, given the initial money stocl/,. The
budget constraints of the representative households intges H and F' in periodt = 1 are then
given by

II+By—SBr+WL = PC+M-—DMy+T, (8)
SII* — By + SBp + SW*L* = SP*C*+S(M"—-M;+T7),
respectively. Total nominal profits from home and foreigiesaf the domestic and foreign firms are

IT andII*. W andW* denote the nominal wage rate at home and abroad. The Eulati@ugithat
characterize the domestic household’s optimal portfdtioice decision are given by

Xope = Eo (N), Xopp = Eo (AS),

—p

where = CT is the Lagrange multiplier associated with the peried 1 budget constraint. Since
pB =P}, the marginal returns of both types of assets have to be @yeapected terms if expressed
in the same currency. Hence, the following equations defineasset market equilibrium conditions
at home and abroad,

c—"r Cc—", C*—r C*—"P
Note that due to the zero net foreign asset positions, aither both bonds will be held, such that the
Euler equations have to hold for both bonds.

Trade in bonds and equity (NBE econony)

If financial markets are integrated, two types of financiakésare traded, bonds and equities. Initially,
households fully own their local firms and the net foreigneag®sition is zero. The relevant budget
constraint in the NBE economy &0 is then

pBBr — SoppBF + ¢pE + ©SopE = PE, (10)

wherepg (p};) is the price for a home (foreign) equity share andp) is the amount of home (for-
eign) shares purchased by domestic consumers. Since thly safpf home and foreign shares is
normalized to unity, the equilibrium in the asset marketharacterized by = 1 — ¢*. Moreover, it
follows from initial symmetry thatp* = ¢, which implies thato = 1 — ¢. Our goal will be to derive
the optimal equity and bond positions. In peribe: 1 the budget constraints of the representative
consumers in countried and F’ are given by

¢l + (1 — ¢) SII* + By — SBp + WL = PC+M — My+T, (11)
GSII* + (1 — ¢) 11 — By + SBp + SW*L* = SP*C*+ S (M* — M +T%),
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where households derive their financial income from holdiogiinal bonds and receiving nominal
profits from domestic and foreign firms according to the an®wrh shares held, determined in the
previous period. Fop > 0.5 we have a home bias in equity holdings. For trade in equitiesEuler
eqguations with respect to equity equalize the marginalscokbuying an additional share in period
t =0 to the marginal gains in periad=1. They are given by

ope = Ey ()\H) and ope = Ey ()\SH*) .

Plugging the Lagrange multiplier of the periog= 1 budget constraint into the above equation, the
Euler equations can be written as

—p —p *—p *—p
Eq (C—H> =" (%SH*) and E (C H) = Fy (C SH*>, (12)

P SpP* SP*

which define the equity market optimality conditions at hceme abroad. The optimality conditions
regarding the bonds market are as in the NB economy, giveqguat®n (9).

Money demand and labor supply In periodt =1 the representative consumer maximizes her utility
(1) with respect to consumption, money balances, and wéoktg$ubject to the budget constraint (8)
or (11). The first-order conditions associated with consionpmoney holdings and the labor supply
decision imply )

o
respectively. The second equation states that the mangiteabf substitution between consumption
and leisure is equal to their relative price. As in Deverenr &ngel (2004), we assume in the
following thatv = 1, which implies an infinite wage elasticity of labor supplyhelforeign country
has similar first-order conditions. The first-order corui associated with money holdings allow us
to state the money market conditions as functions of nonsipahding at home and abroad as

(13)

1 M e L MY
PC:;W and P*C = o (14)
Expressing the two conditions in domestic currency unit smiving for the nominal exchange rate
yields
M [ PC \ " [SP\'"*
= <SP*C*> < P > ' (13)

The nominal exchange rate will be affected by the underlhtgynational financial market integration
since differences in nominal spendings<-, depend on the number of asset types to be traded, as
shown by equations (8) and (11).

Monetary and fiscal authorities The money supply in each country has an expected value of
Ey(InM) = Ey(InM*) = 0 and a finite varianc& ar(In M) and Var(In M*), where the home
and foreign monetary disturbances are uncorrelated. Timelgmvernment finances its consumption
spending by means of taxes and seigniorage. Its budgetramstqualsPG = T + M — My,
whereT denotes lump-sum taxes. It is assumed that total governengrenditureGG is a random
demand shift with a mean value &) (In G) = 0 and a finite varianc& ar(In G). A similar ex-
pression holds for the foreign country. The government thezuntry consumes the same shares

11



of local and foreign products as the private sector, suchhbme government demand for differ-
entiated goods takes the same form as the private demantofin (4),Gy = a (Py/P) "G
andGr = (1 —a) (Pr/P)”" G. Consequently, the individual government demand functienttae
same as in (5) and hold correspondingly for the foreign aguiwe assume that home and foreign
government spending shocks are uncorrelated.

Profits and firms’ price setting decisions Firms produce differentiated goods under monopolistic
competition and hire labof. at the nominal wage ratd’. In ¢t =0, firms set their future prices and
decide in which currency the export goods are priced to maeirexpected profits from salesitia=1.
The production function of firm and market clearing for its goods are given by

Y (2) = AL(2) = Cr (2) + Gu (2) + O (2) + G (2),

whereA is the productivity parameter that can be seen as a randdtirsproductivity with a mean
value of £y (In A) = 0 and a finite varianc& ar(In A). A similar expression holds for the foreign
country. We assume that both shocks are not correlated. sEoeiated expected profits for domestic

sales are
Bo () = Eud (Pu(z) — me) (1) (T) 7,

Profits are discounted with the stochastic discount fagter C—*/P since firms are owned initially

by domestic households and future profits from productidhbei evaluated according to the house-
hold’s marginal utility of consumptionD denotes a home demand variable which consists of private
((1 —a)C) and state((l — a)G) consumption and is taken as given by firms. Marginal cogt®qual

to

me = —-. (16)

The profit-maximizing price for domestic sales of an indiiatthome firm equals

o Eo(dmcCq)

Pu(®) = S By

given the respective individual demand functions. Whendidacide whether to set the export price
in their own currency (PCP) or in the local currency (LCPgytltompare their expected profits from
selling under PCP to those under LCP. The profit function obimd firm from sales to the foreign
country under LCP can be written as

«LCP —o *\ —71

mlCP () =d (SP;ILCP(z) — mc) (L(z)) <PH> D*. (17)

Py pP*

Thus, profits under LCP are linear in the nominal exchange fitis means that under LCP domestic
currency revenues increase one-to-one with a nominal egeheate depreciation. Costs are unaf-
fected by changes in the nominal exchange rate since exehratg movements do not induce any
changes in demand or the domestic CPI. The profit-maximigitag for local-currency pricing firms
is PiECP(2) = -2 Eo(mcZ*)/Ey(SZ*), for z = 0,..., Z, with Z* = dP;/ ~"P*1D*. Using this

o—1

solution, the expected discounted profits from export dalése local currency are
Eq (71CF(2)) = 6 (Eo(SZ*))7 (Eo(meZ*))' 7, (18)

wheres = (1/(c — 1))(c/(c — 1))~7. The first term of the right-hand side of equation (18) reflect
the expected revenues from sales, while the second ternmsghewost component of expected profits.
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The dependence of expected profits on exchange-rate iglatih be seen more clearly when taking
a second-order approximation of profits under LCP:

Var(S)

Var(me)  Var(Z¥)
5 +

Ey (7P (2)) x o —(c—1) + Cov(me, Z7)|,  (19)

whereX = In X — In X denotes the percentage deviation of the varidblrom its steady staté.
Furthermore XY = (In X —In X)+(In Y —InY) reflects the sum of the percentage deviations of the
variablesX andY from their respective steady states. The varianc& @ denoted by ar()A( ) =
EO(X' ) andCov()? ,?) = EO()? . }7) reflects its covariance with variable. Equation (19) shows
that expected profits under LCP are increasing in nominahaaxge-rate volatility via its effect on
expected revenues. Furthermore, changes in the nominahege rate do not affect expected costs.
The profit function of a home firm from sales to the foreign dognnder PCP can be written as

PP (2) = d (PFF (2) — me) <%§;z)>_g <%§>_WD*. (20)

Under PCP, profits are convex in the nominal exchange raten,Tdue to the expenditure-switching
effect, a nominal exchange-rate depreciation increagesgfodemand for domestic goods by more
than one-for-one since > 1. This means that ceteris paribus, with a rise of the nomirehange
rate, revenues from sales under PCP increase relative toHdvever, in contrast to LCP, a change
in the nominal exchange rate directly impacts expectedscsti hence expected profits negatively.
The corresponding profit maximizing price for firms that doypproducer-currency pricing is then
given by PEOP (2) = -2 EymcS? Z* | Ey(S° Z*), for = = Z, ..., 1. Using this solution, the expected
discounted profits from export sales are given as

B (x7CP(2)) = & (Eo(S72*))7 (Eo(mes? 2%))1-. (21)

The influence of exchange-rate behavior on expected prafitbe illustrated by taking a second-order
approximation of expected profits under PCP:

Ey (7P9P(2)) « UZV%(S)—(J—I) + Cov(mt, Z*) + oCouv(mt, S)

Var(me) = Var(Z*)
2 * 2

(22)

Under PCP, nominal exchange-rate variability increasesnges. However, changes in the nominal
exchange rate also induce demand changes under PCP. Asritieafirto meet demand at the given
price, it has to increase its labor inputs after an exchaatgedepreciation. If this happens in times
of high marginal costs, i.eGov(mec, §) > 0, expected total costs are higher relative to LCP. This
fact will be of importance when assessing the role of intéonal financial market integration on the
export-price setting behavior of firms. As financial intdégna affects the properties of the nominal
exchange rate, it will influence the price setting decisibfirms. Following Devereux et al. (2004)
and subtracting (19) from (22), we obtain the decision rdildhe home firm whether to set its export
price in its own or in the local currency. The firm will use PAQECP) as long as expected profits
under PCP (LCP) are higher than under LCP (PCP), which isake i

Var(S)
2

The optimal pricing currency condition (23) holds underassumption that the discount factor, prices
of other firms, foreign total demand, and foreign prices a@genous to an individual firm and its

— Cov(me, 8) >0, (< 0). (23)
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pricing-currency decision. Analogously, a foreign firm leggiivalent profit structures and will decide
to price its exports to the domestic economy in the foreignm(@) currency if

V%(S) + Cov(me*, §) > 0, (< 0). (24)

The last two equations determine the optimal values ahd z* and thereby the equilibrium home
(foreign) exchange rate pass-through; z (1 — z*), conditional on the financial market structure.

3.2 Equilibrium and steady state

The rational expectations equilibrium is a set of valuesctmrsumption, output, labor, wages, prices,
and the optimal portfolio shares, given the distributioslubcks to technology, government spending,
and money supplies at home and abrdad,A*, G, G*, M, M*). The model is solved by linearizing
(first order, except where noted otherwise below) aroundsyimemetric non-stochastic steady state
where the economic disturbances equal zero. Steady-statdbes are denoted by a bar. The above
described optimality and market clearing conditions aemthsed to determine the endogenous vari-
ables in equilibrium, in particular the equilibrium homebange rate pass-through;- Z (for foreign:

1 — z*), as well as the equity, and bond portfolios

b= B/PC,

which corresponds to the debt home bias. In the steady statntry’s sales revenues are given by
REV =Y Py = PC. Itfollows that profits and labor income are shares of a ayisincome, given
byl = (1/0)REV andWL = ((¢ — 1)/o)REV, respectively. Because of the symmetry across
countries, purchasing power parity holds in steady stateh thatSP* = P. Furthermore, individual
prices are given by’y = ((0 —1) /o)W /A. As the two countries are identical in steady state, the law
of one price holds within and across goo#fs; = SP;; = Pr = SP;.. Having described the optimal
pricing and portfolio conditions, the equilibrium, and teieady state, we will now show how the
integration of international asset markets affect the argle rate pass-through via the composition of
asset trades on financial markets.

4 Financial Markets and the falling exchange rate pass-thragh

To illustrate the mechanisms at work we first make use of alffiyimy calibration in Section 4.1
and derive an analytical solution. Section 4.2 reportslte®i numerical simulations for general
calibrations of the model, whose unrestricted solutioretbgr with additional intuition is presented
in Appendix A. In the following we draw on this solution formgng the simplified version.

4.1 Analytical solution for a simple calibration

As a first step, we assume that there is no home bias in hoasahdlgovernment consumption, such
thata = 0.5. Furthermore, we assume log-utility, i.e.= 1, and that the elasticity of substitution
between home and foreign traded googlsequals unity:> This allows us to derive a closed-form

12The assumption off = 1 implies Cobb-Douglas preferences. In this case, the tefrrmae provide a risk-sharing
role, as shown by Cole and Obstfeld (1991), and the assetemstrkicture might not be relevant. However, this is only
true when there are only productivity shocks and intermati@sset positions are zero. In the case of demand shoaks, su
as government spending shocks, risk sharing requiresvelimcome to move asymmetrically, which might also cause
non-zero asset positions.
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solution. With the solution at hand we first discuss the ptidfallocation problem and then show
how it relates to the price-setting behavior of firms. We edtr the nominal exchange rate by making
use of the money market equilibrium. Expressing (15) inllngar terms yields

S = (M — M*) — (PC — SP*C¥). (25)

In equilibrium the nominal exchange rate will not only becatied by the relative money supplies but

also by the differences in nominal spendirﬁc\] — SP*C*. How this difference reacts to shocks
depends on the amount and types of assets traded.

4.1.1 Trade in bonds only

Consider first equations (8), which show that relative n@hspending in case of trade in bonds only
equates to

PC — SP+C* = —2bS + (REV — SREV*) — (G — G*), (26)

with G = G/C. The financial return to the bond holdingis given by the negative nominal exchange-
rate movement,—§, while revenues of firms from sales to the home and foreigswoers are non-
financial income, denoted bREV. In the following we use the linearizatioREV — %ﬁ + "T‘lﬂ/f\L
and the fact thaBy = B7, asSy = 1. b is the equilibrium amount of bonds we are looking for.
Given equation (26), we can express the nominal exchangeg(28) in the economy with trade in
bonds only as . .

—M)+1_—2b(G—G), (27)
observing thaREV — SREV* = 0 in our simple model structure with = 1, since expenditure-
switching effects offset higher relative revenues in thendstic currency one-for-one after exchange-
rate movements. Given the properties of the economies withimal bonds only, the exchange rate
only transmits two of the three possible economic distucbaracross countries. Technology shocks
only affect the division of income between workers and firtmg, do not change aggregate demand
because of pre-set prices. The impact effect of the shockfiested by the size of the equilibrium
portfolio holdingsb. A negativeb lets domestic households financially gain from a depremaii his
counteracts the depreciation pressure triggered by a @mgriebsing or higher government spending,
dampening the exchange-rate volatility. The fact that niotliaturbances are transmitted via the
nominal exchange rate has additional implications for theepsetting decision of firms. To see this
more clearly, consider the linearized version of home nmailgiosts, equation (16), together with (13)
and its foreign counterpart

— ~

me=M—-A and mc" = M*— A*. (28)

It follows that the covariance between marginal costs aaditiminal exchange rate can be written as

—

Var(M) _Var(]\/J\*)
1-2b 1—-2b
Note that when only nominal bonds are traded, only monet&turtbances affect the covariance

relationship between marginal costs and the nominal exggheatte. Since all shocks are uncorrelated,
the variance of the nominal exchange rate equals

Cov(me, S) = and Cov(me*,S) = (29)

Var(]\?—k ]\7*) Var(G + G¥)
(1—20)2 1-202

Var(S) = (30)
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with Var(@ + @*) and Var(]\//f + ]\//.7*) reflecting the sum of domestic and foreign variances of the
government spending and monetary policy shocks. The maimniif the covariance relationship also
depends on the equilibrium bond holdirtgs

What will be the amount of equilibrium bonddeld within this financial market structure? There are
three shocks in each country, but only one instrument indhm fof bond holdings to hedge against
these shocks. Since technology shocks do not change atgyosgaand, the exchange rate is hence
unaffected and international borrowing and lending doésieed and cannot be used to insure against
this type of shocks. A positive disturbance to governmeahdmag, i.e.? > 0, causes a depreciation
of the nominal exchange rate with a simultaneous increasaxation. Households can thus hedge
against the risk of a decline in consumption by choosing papriate equilibrium bond portfolio.

In particular, net foreign bond holdings, i.é.< 0, are a good hedge against this type of income risk
as it increases financial income via a depreciating excheatgen times of high taxation.

Monetary shocks, on the other hand, do not change availabtirces directly but have an impact on
the exchange rate. This additional volatility reduces tioeitive to hold assets whose returns depend
on the exchange rate, i.e., foreign bonds. Facing this afgdeuseholds will opt for an intermediate
solution by holding a relatively small amount of foreign kigrto hedge against consumption risk as-
sociated with government spending shocks. To obtain thailegum portfolio choice ofb we follow

the approximation method for computing the equilibriumtfmio positions developed by Devereux
and Sutherland (2011) and take a second-order approximatithe asset market equilibrium condi-
tion for the home country (9) and its foreign counterparte Tiil details of the derivations are found
in the appendix. From equation (A-10), the solution to theildarium bond portfolio is then given by

bNB o VGT(G\+@*)

=— - (31)
2Var(M + M*)

The equilibrium bond position implies that the home coutgnds in the foreign currency and borrows
in its own sinceb < 0. Thus, in states when the domestic currency is weak theilequih bond
position ensures that the home country will receive net patmfrom abroad. The equilibrium bond
holdings have direct implications for the home firm’s prigidecision. For illustrative purposes we
consider a symmetrical equilibrium where all home and fpreshock variances are identical and
equal unity. The firm’s decision rule to either price its estpan its own or in local currency can be
written as follows, see equations (23) and (24) with (29) .

1+ 2b
5 =0, (32)

Var(S) PN
NB - 27 \W) S
RY" = 5 Cov(me, S) =

Equation (32) shows that the decision of firms to set theiogxprices either in their own currency
(PCP) or in the currency of consumers (LCP) depends on thitdeoum value ofb. This interaction is
dominated by the above explained impacb oh the variance of the exchange rate. If the equilibrium
bond position i) > —1/2, it follows from (32) thatRV? > 0 and firms will decide to price their
export goods in the domestic currencyblk —1/2, firms will decide to price exports in the foreign
currency. Given the symmetric equilibrium under the singalbration with home and foreign shock
variances being unity, the equilibrium bond position egéiak —1/2. This implies thatRV 5 = 0.
Consequently, in the NB economy firms will be indifferentvegn setting their export prices in PCP
or LCP. The same argument applies to the foreign countrys fgresents a general outcome, also for
different calibrations (which would change the above fdas) if the variance of the money supply
is the same in both countries, firms are indifferent betwéenptricing possibilities if only nominal
bonds are traded. A similar result has been derived by Dexezeal. (2004), who point out that firms
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tend to set their export prices in the currency that is gaettoy the more stable monetary growth. If
foreign money supply is very volatile, the exchange rate esav lot, while the covariance between
marginal costs and the exchange rate depends only on tkadoNigyiof the domestic money supply in
such an economy. According to equations (23) and (24), fifrbeilh countries are hence induced to
set their prices in home’s currency. However, if firms aréffacent, Z andZ* can take any value on
the continuum between 0 and 1. The probability that all firriilssst their prices in the same currency
(z,z*=0o0r 1) is hence zero. Consequently, there is neither full rop 2XChange rate pass-through,
i.e.,0 < z,2* < 1.13 However, this indeterminacy only arises if the volatilitymeonetary shocks are
exactly equal across countries. In the likely case of diffiérolatilities, one country prices according
to PCP and the other follows LCP, resulting in a global passtigh of 0.5.

4.1.2 Trade in bonds and equities

When financial markets become more integrated, householtisei model have the possibility to
trade not only nominal bonds internationally but also egsit Since those assets have a different
risk profile, the two countries exchange assets to smoottufitions in consumption across different
states of natures. Country differences of the linearizedl budget constraints (11) for the home
country and its foreign counterpart result in this case as

26 — 1

2

PC_ SPC* = o1

(IT — SII*) — 2bS — (G — G*) + (WL — SW+L*).  (33)
In equilibrium the relative total returns on equiﬁ/,— §1‘F, are given by the difference between total
revenues from sales of goods by firms to the home and foreigketnand labor income at home and
abroad, o o o

Il — STI* = 6(REV — SREV*) — (0 — 1)(WL — SW*L*).

Remember from above th@tEV — SREV* = 0 in our simple model structure. Relative labor
income is obtained by combining the optimal labor supplydition of households together with the
market clearing condition and the production function & tepresentative firm. Then we have

Z—|—Z§ . (34)

- SI* = —(0 — 1)(WL — SW*L*) = (o — 1) | (A — A%) — (M — M*) +

Note that under this calibration the government consumealguarts of domestic and imported goods,
such that its effect on relative profits works only via thelexuge rate. An exchange-rate depreciation,
in turn, increases foreign costs expressed in domestiemcyr(as above) and raises domestic wage
demands due to rising import prices if there is at least soass-through. In case of complete pass-
through ¢ =2*=0), these effects cancel. In the following we solve for therapt portfolio positions.
Given the above equations, we can express the nominal egehate (25) as

~

[2(¢ — )75t + (M — M) — 26~ )7HA - A7) + (G - G7)
: .

5= 1—2b+2(¢ —1)C

(39)

with (=21 2£=  The equilibrium outcome of the nominal exchange rate déen the equilibrium
portfolio allocation of bonds), and equities¢. Furthermore, in contrast to the economy in which
only nominal bonds can be traded, the holding of equities tle¢ exchange rate transmit all three

13Note that lower values fof and z* imply a lower consumption volatility. This could push firmsat are otherwise
indifferent between pricing strategies towards choosiG® E, Z* < 1).
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economic disturbances across counttfest agents hold more or less than 100% of claims to their
profits, i.e.,¢ 1, technology shocks affect aggregate income via alterefitpnostead of just shifting
the division between domestic wage and profit income, asthlidscase if only nominal bonds are
traded internationally. Hence, the covariance betweemyimarcosts and the nominal exchange rate
is affected not only by monetary disturbances, but also byytivity shocks. From (28) and (35) it
follows that this covariance can be written as
__ & 2 - 1)71 +1 = 2(¢ — )=
Cov(me,S) = 1_2b+2(¢_1)<Va7“(M)+1_2b+2(¢ )<
26— )2t 41 26 — 173
1—2b4+2(¢p—1)C

Var(A), (36)

Cov(mc*,S) = 1 2b+2(2§— 1)CVar(M*)

The variance of the nominal exchange rate results from (85) a

2(p—1)Z=L + 12Var(M+M*) + [2(¢—1)2=L]? Var(A—I—A*)+Var(G+G*)
[1—2b+2(¢ — 1)¢]? -

For a given monopolistic markup,/(o — 1), the sign and magnitude of the covariance of the nominal
exchange rate with marginal costs and its variance will ddpen both the equilibrium amount of
bonds and equities held as well as on the exchange ratetpass (viag).

What determines the equilibrium portfolio within this ecomy? Remember that households were not
able to hedge completely against government spending shindke bonds-only economy because
of the additional volatility that arises if more foreign lmEnare held. This volatility is induced by
the impact of monetary shocks on the exchange rate. In thésband-equity economy, households
can make use of the additional instrument of cross-bordeityeholdings to counteract this higher
volatility of income. Specifically, since monetary shocksrease consumption and therefore wages,
they raise marginal costs and thus lower profits. Going londpimestic equity will therefore reduce
the volatility monetary policy shocks impose on foreign tdroldings: their return increases while
the returns from domestic equity holdings f&IThis is visible by the negative relationship between
domestic equity holdings and the debt home bias that getdifaadpf the variability of monetary
shocks is larger,

Var(S) =

o Var(]\?%—]\/i*) ,NBE
o= 1Var(A+ A*) + 252 Var(M + M*)

2WVar(A+ A*) + ﬁVar(@ +G¥)
- 2Var(A + A¥)

b=1-

: (38)

which was again derived with the approximation method fanpaoting the equilibrium portfolio po-

sitions developed by Devereux and Sutherland (264 Qhoosingy # 1, however, creates an impact
of technology shocks on aggregate income, which tendsde the volatility of households’ income.
This counteracts the incentive to deviate from the initisldngs of 100% of the own stocks, where

The predicted reactions of the exchange rate to all threekshare in line with empirical evidence in Enders et al.
(2011) and related studies.

SValues of¢ above unity correspond to an extreme home bias via an iredeasage of more complex financial instru-
ments, such as derlvatlves See Matsumoto (2007) for simit@omes.

1%The term2=2-2" Var(M+ M*) in the denominator of the first expression partially offsbesfact thab™ 2* becomes
less negative if pass through falls, see below, and henuzetsaif the equilibrium value di¥ 2¥ is inserted.
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technology shocks have no bearing on aggregate incomeeﬂ'rhéVar(ﬁJr X*) in the denominator
reflects this tendency towards= 1 whenever technology shocks become more important.

Given that the additional volatility due to monetary shogksforeign bond holdings can be counter-
acted by the new equity position, agents can now hedge nieatiegly against government spending
shocks. As in the bonds-only economy, they do so by buyingidorbonds. This time, however, they
have to worry less about the effects of monetary shocks amcehisuy moré.’

—1 *
pNBE — pNB _ T <1—z+z >(¢—1)

2
B Var(G + G*)[Var(A + A*) + =i Var(M + M*)]
2Var(g+2*)Var(]\/4\+ ]\7*) .

(39)

Comparing equations (31) and (39) shows that

NBE NB
pNBE < pNB

in line with the empirical findings in Section 2. The inteiantbetween the financial channel and the
trade channel becomes evident in these decisions: thefpayfafquity holding depend on the level
of pass-through, while portfolio decisions influence thfe@st of disturbance on relative income. The
latter impacts the volatility of the exchange rate and itsciance structure with marginal costs, which
are the crucial variables for firms’ LCP/PCP decision. Hemaespecify the equilibrium outcome in
the NBE economies it is necessary to have a closer look at iims’fprice-setting decision. As
we will show below, more firms decide to price in local curnend his decision is driven by the
increased covariance between marginal costs and the nloaxiclzange rate, which results from the
higher impact of technological and monetary disturbanecelsath variables, induced by international
equity holdings. Given that agents go long in own equity,itp@stechnology shocks increase their
aggregate income and appreciate the exchange $adedreases). At the same time, marginal costs
fall, increasing their covariance with the nominal exchargje, see equation (36). Positive monterary
shocks have a similar effect, as they increase marginas dngtdepreciate the exchange rate. This
pattern would let firms sell especially few goods in the fgneeconomy when marginal costs are
low and vice versa, if they employed PCP. Firms hence swadtCP, reducing the overall exchange
rate pass-through. Using (36) and (37), the home firms’ miciecision rule (23) in the symmetric
equilibrium with equal unitary shock variances at home dmdad can be expressed as

RNBE _ 2[4(¢ — 1)07_1 +1][(¢ - 1)(%1 — )+ b —2(¢ — 1)07—1 1
- [2b — 2(¢p — 1) — 1]2 .

As visible, the financial channel, i.e., equilbirium polidgositions, impacts firms’ decision in which
currency to price, showing again the interpedence of thedwamnels. We assess the decision rule
RNBE petween: = 7* =0 andZ = z* = 1 within the symmetric equilibrium with equal unitary shock
variances, i.e., changing the value(fThe equilibrium equity position equals=1 + ﬁ% and is
independent of the exchange rate pass-through. Given that, the decision rulR N BF is negative
for this range of values fdr. Consequently, LCP is the unique equilibrium in the nombmahd and

equity economy and=z*=1. Put differently, we obtain

(40)

ENBE > gNB'

YThe term— % in the fist line of equation (39) stems from the additionalgesaf foreign debt to offset the volatility of
income that arises from the impact of exchange-rate moveneernthe payoff of international equity holdings, see eiguat
(34).
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Parameter Value Source

p 1.25 Devereux et al. (2004)
n 1.5 Devereux et al. (2004)
a .88 U.S. average
o 6 Rotemberg and Woodford (1993)

o2, .0043% US data

o? .0036% US data

o, .0052% US data

o3 |.0043% x 1.1 Avoiding indet.

0%, .0036% Symmetry

0. .0052% Symmetry

Table 3: Baseline parameter values for the numerical stinalaf the model.

A corresponding inequality holds farV 2. When moving towards internationally more integrated
financial markets, i.e., moving from the nominal bond ecoypdoran economy where both bonds and
equities are traded internationally, the exchange rats-frmsugh hence declines in both countries.
This is in line with empirical evidence in Section 2.

It should be mentioned that the simple calibration wijth: 1 omits one further interaction between
both channels that lets the debt home bias fall followingriona integration. Specifically, in case>

1, lower pass-through reduces the boost in business revieau®liows an exchange-rate depreciation
and serves as an automatic hedge against government spesidioks. Since financial integration
reduces the pass-through, holding foreign debt repladescHannel. See further explanations in
Section 4.2.1.

Note that by trading equity additionally to bonds, the agestébilize their consumption fluctuations.
To see this, consider equation (13), which holds under bot#néial market structures. Considering
the difference between consumption under the two financéaket structures and assuming a unitary
variance of all home and foreign shock disturbances, thaivel variability of consumption in the
nominal bond economy is higher, since

R R 1— sNB\2

Var(CNB — GNBE) — (#7

for vV = —1/2. Putting it differently, consumption is less volatile undeore integrated international
financial markets and because the more integrated financiekets are, the better can households
hedge against fluctuation in consumption. In the followiwg, show that the analytical conclusions
of this section generalize to settings with more realisticameter values.

4.2 Numerical simulations for general calibrations

In the previous section we concentrated on the model's nmaptications within a simplified frame-
work. In this section we generalize the findings by relaximg assumptions about the model’s struc-
tural parameter values and about the volatilities of shoBgsnumerically simulating the model for a
variety of parameter values we can show that the result dirgescin the exchange rate pass-through
and the debt home bias remains valid within this more realsgtting. The simulations use the solu-
tion of the full model in Appendix A.
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Trade in bonds only Trade in bonds and equity
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Figure 2: Left panel: dependence of global pass-through on debt haase(blue solid line) and vice versa
(red dashed line) in bonds-only case. Right panel: deperdehdebt home bias (blue solid line) and equity
home bias (red dashed line) on global pass-through in bandsequity case.

For the baseline calibration we use parameter values, vmicable, from Devereux et al. (2004).
In particular, we set the trade price elasticity between etioally produced and imported goods to
n=1.5. The coefficient of relative risk aversionjs=1.25.18 Trade openness is calibratedate- 0.88,

the empirical average for the US over recent decades. Thia#ha of substitution between varieties
is set too =6, corresponding to a steady-state markup of 20%. To obtdiresdor the variances of
the shocks, we estimate AR(1)-processes for the HP-filtlexgsl of M2, Government consumption
plus investment, and Solow residuals for the US and useiagntalues for the foreign countty.
The resulting variances of the error terms resultijp = 0.0043%, 02 = oZ. = 0.0052%, ando? =

0. = 0.0036%. The foreign volatility of the money supply is set 10% highet,. = 0.0047%,
such that firms are not indifferent regarding the pricingrency decision in the bonds-only case, see
above. For the following results it does not matter, whictrtoy has a slightly higher volatility of the
money stock. The calibration is summarized in Table 3. Harfahese values, we conduct robustness
checks further below.

4.2.1 Interaction between portfolio home bias and global eshange rate pass-through

Before investigating the effects of shifting from a bonadyceconomy to a world with bond and eg-
uity trade, we first analyze the interdependence of globsd{tlarough (i.e.l — (z + z*)/2) and bond
and equity portfolios for the general case. Specifically,investigate the influence of one variable
on the other by fixing different values for the former and akdting optimal values for the latté?.
The exogenously fixed variable is hence not set optimallgwéhg us to generate a one-directional
interdependence.

8Results are robust to changing these parameters, see Faielss.

1%See Appendix B for data sources.

2ONote that because the countries have symmetric strucimésthe value of global-pass through matters for portfolio
allocations. This can be seen by the fact that all relevamiéon feature+z* instead of individual values. Similarly, there
is a unique mapping frorhand¢ to the global pass-through.
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Trade in bonds only (NB economy)

The left panel of Figure 2 shows this interaction for the ®odly case. The red dashed line depicts
the dependence 6f (horizontal axis) on the value of the global pass-througbafed as exogenous,
vertical axis), while the blue solid line shows the resgtpass-through on the vertical axis if we set
the debt home bias on the horizontal axis exogenously. Tealhn we replace firms’ decision rules
(23) and (24) with exogenous values foandz* in the first case, and equation (A-10) by exogenous
values ofb in the second case. When varying global pass-through, wieesta= z* =0 and let firstz
increase to unity, after whick* rises from zero to onét

As visible, a higher global pass-through has a positive chpa the debt home bias. This effect
arises ifn > 1. Under complete LCP, business revenues from foreign satesase only linearly with
exchange-rate depreciations. If the pass-through inesedm®mwever, business income rises overpro-
portionally after depreciations, due to expenditure-sinitg effects. This effect automatically takes
over some of the hedging properties that the foreign delatitgé were supposed to fulfill (against
government spending shocks, that is), such that their ahtaumbe reduced. See also equation (A-4)
in the appendix, which demonstrates that the optibn@es in the covariance between business rev-
enue ands.

In the case of an exogenously éetve observe that = z* =1 for a low starting value ob. Because

of its mitigating effect on exchange-rate volatility, deked in Section 4.1.1, an increasihgrising
debt home bias) lets fall to zero, i.e., home switches from LCP to P&REor intermediate values
of b, this remains an equilibrium. The higher the difference dtatilities of the money supply, the
broader is the range in which all firms use the currency of theaty with the lower money-supply
volatility. Further raisingb reduces exchange-rate volatility even more, which leads fadling z*
until the foreign country has completely switched to PCP tés visible, both lines are increasing
functions of their respective arguments. We obtain a ungmletion at their intersection (in this case
at a pass-through of 0.5). Also visible is a stronger depend®ef the pass-through on the home
bias of bond holdings, while the reverse dependence iy flnited. Specifically, the pass-through
changes from absent to complete, depending on the portthliice. The debt home bias, in turn,
does not reverse sign, independently of the prevailing-rassigh. We conclude that financial mar-
kets matter quantitatively and qualitatively more for pssugh than vice versa. Investigating the
trade channel of exchange-rate movements without sinedtasly considering the financial channel
thus risks neglecting an important determinant of the forme

Trade in bonds and equity (NBE econony)

Figure 2 (right panel) depicts the dependencé ahd ¢ (both on the vertical axis) on global pass-
through (horizontal axis) for trade in bonds and equity. i¢hie bonds-only case, the decision rules
(23) and (24) were replaced by exogenous valugsamidz*. Figure 3 shows how global pass-through
(vertical axis) depends dnand ¢ (horizontal axes). Here, the optimal portfolio choices gation
(A-20) were replaced by exogenous values fand ¢. As the global pass-through now depends
on the home bias in bonds and in equities, Figure 3 is thneemsional. Because there are unique
mappings from pass-through to optimal asset home biasamitst(blue solid line in the right panel
of Figure 2) and equities (red dashed line), and a unique mggpm each combination of these
parameter to pass-through (Figure 3), we again obtain aiargglution at their mutual intersection.
Regarding the pricing-decisions of firms, the same patteibave is visible. Increasing the value of

21Since only the value of the global pass-through mattersishivithout loss of generality.
2More generally, firms in the country with the lower money-siypvolatility switch first to price in their own currency.
‘Home' refers to this country in the following.
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Figure 3: Bonds and equity case: dependence of global pass-throeglicél axis) on home bias in equity
(left axis) and debt (right axis).

b induces first the home country to switch from LCP to PCP, falid by a small region of constant
Z andz*. Finally, the foreign country also charges according to HGRises further. Looking at the
reaction to a changing, the pattern is quite different. Intuitively, the optimalue of¢ stabilizes
relative incomes and hence the exchange rate. This letageosichose LCP, while valuesg®further
away from the optimum increase exchange-rate volatility labfirms switch to PCP. More precisely,
for a given intermediate value éfa low level of ¢ lets both producers follow PCP. For increasing
values of¢, the optimalz* rises first, implying a falling pass-through. However, safoenestic firms
switch to LCP already before all foreign firms have done somBstic firms are also first to go back
to PCP for even higher values ¢f followed by their foreign counterparts once all home firnss u
LCP. We can draw similar conclusions as in the bonds-onlg.cBmancial markets, both in terms of
home bias in bonds and in equity, matter highly for passtitjino The reverse is not true, according to
Figure 2 (right panel). While the home bias in bonds varigsstays negative if global pass-through
changes from zero to one (following the same intuition ashitionds-only case), the home bias in
equity is independent of the level of pass-through. As lesipass-through has hence only a limited
feedback to financial markets. We conclude that when inyatitig determinants of pass-through,
financial markets are crucial.

4.2.2 Effects of financial integration

Table 4 displays the change in the home bias of debt holdirganvewitching from a bonds-only
economy to international financial markets with bonds andgitggfor different values of the key
parameters of the model. The change in debt home bias comaspob™ X — bV B asb denotes the
amount of net debt held in domestic currency. The uppermpiafiel of Table 4 reports the change in
the debt home bias for different values fpandr. The upper-right panel shows the same statistic for
different values of the volatilities of the shocks to the rpsupply, while in the lower-left panel the
variances of government spending shocks are altered (albaatyveen half and double the baseline
value). The lower-right panel of Table 4 displays this chafuay different volatilities of the shocks to
technology in both countries. Finally, in Table 5 we charfgevolatility of money shocks, set to the
reported value at home and at a 10% higher rate at foreignteahdology shocks, both equal across
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2
: P1100 155 210 2.65 3.20 3.75 i M | 024 0.38 052 0.66 0.80 0.95
M
0.75 -0.06 -0.08 -0.08 -0.08 -0.06 -0.04 0.22 0.11 -0.13 -0.14 -0.15 -0.12 -0.12
1.40 0.13 -0.15 -0.15 -0.15 -0.13 -0.11 0.34 0.13 -0.14 -0.15 -0.15 -0.16 -0.12
2.05 0.19 -0.21 -0.22 -0.22 -0.20 -0.18 0.47 0.14 -0.14 -0.15 -0.15 -0.16 -0.16
2.70 0.26 -0.28 -0.29 -0.28 -0.27 -0.25 0.60 0.14 -0.15 -0.15 -0.16 -0.16 -0.16
3.35 0.33 -0.35 -0.36 -0.35 -0.34 -0.310.73 0.15 -0.15 -0.16 -0.16 -0.16 -0.16
4.00 040 -0.42 -0.43 -0.42 -0.41 -0.38 0.86 0.12 -0.16 -0.16 -0.16 -0.16 -0.17
2 2
”2 9G*1 026 0.42 057 073 0.88 1.04 2 941 0.18 0.29 0.40 050 0.61 0.72
0.26 0.11 -0.13 -0.14 -0.15 -0.15 -0.15 0.18 021 -0.18 -0.17 -0.15 -0.14 -0.13
0.42 0.13 -0.14 -0.15 -0.15 -0.15 -0.16 0.29 0.18 -0.17 -0.15 -0.14 -0.13 -0.12
0.57 0.14 -0.15 -0.15 -0.15 -0.16 -0.16 0.40 0.17 -0.15 -0.14 -0.13 -0.12 -0.12
0.73 0.15 -0.15 -0.15 -0.16 -0.16 -0.16 0.50 0.15 -0.14 -0.13 -0.12 -0.12 -0.11
0.88 0.15 -0.15 -0.16 -0.16 -0.16 -0.15 0.61 0.14 -0.13 -0.12 -0.12 -0.11 -0.11
1.04 0.15 -0.16 -0.16 -0.16 -0.15 -0.15 0.72 0.13 -0.12 -0.12 -0.11 -0.11 -0.10

Table 4:Changes in debt home biag'®~ — bV F) for varyingp andn (upper left),02, anda?,. (upper right),
o2 ando?. (lower left) oro? ando?. (lower right) due to financial integration. All variance®(rthe change
in dhb) were multiplied byl 0* before reporting for better readability.

countries. As visible, for reasonable ranges of paramedkreg, the home bias of debt holdings
declines after an increase in financial market integratiSmilarly, the global exchange rate pass-
through for all shown combinations falls by 0.5. This resdfom the fact that one country always
switches from PCP to LCP. Both effects are qualitativelyine Wwith the empirical findings of Section
2.

As explained in more detail in Section 4.1, when moving talsdrade in bonds and equity agents can
make better use of both instrument for hedging purposesatticplar, cross-border equity holdings
can be used to mitigate the negative side effects of holdngign debt, such that more international
bonds can be bought to hedge against government spendioksshtis has the side effect that cost
reductions have a strong bearing on relative income defioed these international equity positions
and hence on the exchange rate. A stronger covariance betwasyinal costs and the exchange
rate results, reducing the optimal amount of exchange ads-fhrough. At the same time, a lower
pass-through reduces the positive effects of exchangedegireciations on the business income. This
reinforces households decision to hold more foreign debbiopensate for this lost automatic hedge
against government spending shocks.

The model predicts a plausible reduction in debt home biaarbynd 10-30 percentage points for
calibrations close to the baseline. Also in line with engalievidence presented in Figure 1 of the
introduction, it implies a negative debt home bias. As it &yized 2-period model, however, we are
mainly interested in the qualitative results following ficéal integration. Summarizing the informa-
tion of the tables, increased financial integration leadstiuctions in pass-through and debt home
bias, independently of realistic parameter constellatioBoth predictions are in line with the em-
pirical evidence in Section 2. Given that financial inteigratincreased considerably over the recent
decades, the described mechanism can explain the obsédramgdes of these variables over time.
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2
2 94,41 018 029 040 050 061 0.72
0.22 -0.15 -0.12 -0.11 -0.10 -0.09 -0.08
0.34 -0.19 -0.15 -0.13 -0.12 -0.11 -0.10
0.47 -0.22 -0.17 -0.14 -0.13 -0.11 -0.11
0.60 -0.23 -0.18 -0.15 -0.13 -0.12 -0.11
0.73 -0.24 -0.18 -0.15 -0.14 -0.12 -0.11
0.86 -0.24 -0.19 -0.16 -0.14 -0.12 -0.11

Table 5: Changes in debt home bias for varying, = 03,. ands? = o%. due to financial integration. All
variances (not the change in dhb) were multiplied.by before reporting for better readability.

5 Conclusion

In this paper we have put forward a new explanation for théirkeof the exchange rate pass-through
into import prices. Crucial for our theoretical model is theact of financial globalization, modeled
as an increase in the number and nature of tradable finassiatisa on the portfolio decision of house-
holds and the pricing decisions of firms. In the model, we thlkeimpact of financial globalization
and the mutual interaction between the optimal portfolid #me choice of the invoicing currency
explicitly into account.

The main impact of financial globalization on pass-througitks via the better possibilities to hedge
against specific shocks. Households can hold more foreignedethey can counteract the movements
in its return that are not useful for hedging purposes bydgl up a corresponding international eg-
uity position. As a side effect, cross-border equity haldiincrease the correlation between marginal
costs and the exchange rate, as cost reductions changeerplafits and thereby the resulting demand
from financial income. Firms react by pricing more in locafremcy compared to a world in which
only debt is traded internationally. Optimal pass-throtigls falls. Finally, a lower pass-through mit-
igates the increase in business income after depreciatidnsh is compensated for by holding even
more foreign debt. We also present empirical evidence stipgadhe negative effect of gross equity
holdings on the home bias of international debt assets anebthange rate pass-through. An impor-
tant policy implication concerns the design of monetaryonai if preceded by financial integration,
the effect of the nominal exchange rate on relative pricesdsiced because of the lower exchange

rate pass-trough. Moving towards abolishing the nominaharge rate altogether is therefore likely
to have smaller real consequences.
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Appendix

A Equilibrium of the full model

In this appendix we derive the optimal portfolio solutiomslar the different degrees of international
financial market integration for unrestricted parametduesmand show how they influence the equi-
librium behavior of the nominal exchange rate and the matgiosts?®

Money market equilibrium and the nominal exchange rate First, we use the money market equi-
librium to solve for the nominal exchange rate. Expressit® {n log-linear terms yields

(M — M) - p(PC — SP*C*)
prl-p(1l-a)2-2-2) p+(1-p)(l—-a)2-2-2)

S = (A-1)
For future use we defin®5, = [p+ (1 —p) (1 —a) (2 — 2 — %) and©% 2 = pO3,, such that

S = 0%,(M — M*) - 0%,(PC — SP*C*). The equilibrium nominal exchange rate will hence
not only be affected by the relative money supplies but aladhe differences in nominal spending,
PC — SP*C*, and by the types of assets traded, as shown below.

A.1 Trade in bonds only

We follow the approximation method for computing equilibri portfolio positions developed by De-
vereux and Sutherland (2011) and take a second-order apyation of the asset market equilibrium

condition for the home country (9) and its foreign countetpahe differences of these two equations
lead to the following arbitrage condition

Cov(—8, PC — SPC+) = l;ppCov(—g, 0), (A-2)

which relates the covariance between excess returns onstisnm®minal bonds (given by nomi-
nal exchange -rate dewanonB,F = —S) and relative nominal consumption expendlturBa;fJ —
SP*C* to the covariance between excess returns on nominal bamtishe real exchange rate
Q — Sp* — P. Linearizing the period = 1 budget constraints for the home and foreign country
(8) and taking country differences, we get an expressiondiative nominal consumption expendi-
tures. In doing so we take the government budget constimtadsonsideration and assume that the
log of government expenditures is equal to zero in the detéstit steady state. The relative budget
constraint equals

PC — SP*C* = 2bR, + (REV — SREV*) — (G — G*), (A-3)

where we have used the fact thdf; = BJ. for Sp = 1. b is the equilibrium amount of bonds
we are looking for. Relative sales revenues will be definethasnon-financial returnRYe? =

REV — SREV*.

A more detailed description of the steps taken in the dedwatis available from the authors upon request.
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Optimal nominal bond portfolio  Plugging (A-3) into the asset market arbitrage conditior2)A
and rearranging terms we get

y_ L (1=pCou(RE,.Q)  Cou(RP,, Ry | Cou(RE,.G-G) (a-2)
2\ »  Var(S) Var(S) Var(S) '

This expression states that the optimal equilibrium borldihgsb (i.e., the debt home bias) depend
on three components: the covariance between relative mbimimd returns (i.e., minus the nominal
exchange rate) and the real exchange rate, the covariatwedrerelative nominal bond returns and
relative sales revenues, as well as the covariance betwédive nominal bond returns and relative
government expenditures, all weighted by the variance lative nominal bond returns, i.e., the
nominal exchange rate.

By making an optimal portfolio choice, the representatieeigehold wants to hedge its marginal
utility of consumption. Households hedge consumptionsrisiemming from variations in their pur-
chasing power, reflected by movements in the real exchange Bamestic bonds are a good hedge
against this risk if domestic bond returns are high whenéverdomestic price level is high, i.e.,
Cov(RE,,, Q) < 0. Inthe case op=1, a unit increase in real returns of bond assets (domestiror f
eign) decreases the marginal utility of consumption by amé such that bond asset gains evaluated
at the marginal utility of consumption vanish and the casace between relative nominal returns and
the real exchange rate becomes irrelevant for the portéblcace decision.

Furthermore, the representative household wishes to hedggnal income risks associated with
variations in nominal revenues from domestic firms and gowent expenditures. Domestic bonds
are a good hedge if relative domestic bond returns are higtnexer domestic revenues are low.
For example, an appreciation of the nominal exchange ratsesaboth, a fall in relative revenues
from foreign sales (ify > 1) and a higher relative domestic bond return, iop(RE, , RNo") < 0.
Consequently, holding a higher amount of domestic bondsvallto hedge nominal revenue risk.
Government expenditures are fully paid by the seignoragduanp-sum taxes which reduce nominal
disposable income. Foreign bonds are a good hedge agawmsibtarisk if their returns are high
whenever the income loss associated with government eitpem high, i.e.Cov(RE, , G-G*) <

0. Since government spending shocks let the exchange ratecie, holding foreign bonds can at
least partly offset this negative effect on income.

To solve for the optimal portfolio bond holdings we write theminal exchange rate, nominal con-
sumption spending, and sales revenues as functions of telyimg shocks. We first treat portfolio-
based nominal income as exogenalis;,, = 2bRE, . Relative domestic bond returns are obtained
by combining equations (A-1) and (A-3):

BB, = —05,(M — M*) + 03 (Exrin + RN — 054(G — G, (A-5)

where the coefficient®$, and©%,, are defined above and are given in Table A-1. Furthermore, non
financial income can be obtained from the sales revenue of figimen total demand for their goods
sold at home and abroad:

REV — SREV* = RNer = AS — \(PC — SP*C*) — \(G — G*), (A-6)

with A =1—a—a*andA = —(1 —n)(1 + A)[a(1l — 2*) + a*(1 — z)]. After substituting (A-1) and
(A-3), this can be written as

Non —~ Non — Non ~

R%o# @E?n Erpi, + 0,/ R (M — M*) +O¢ el (G- @*)v (A7)
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Non No n
where the resulting paramet {irin @RF”L and @GF"L are provided in Table A-1. Combining

(A-5) and (A-7), we get e
RE. =RyExpy, + Ry[(M — M*), (G — G, (A-8)

RNon

whereR; = 03 <1+® Fin' )isascalaranﬁg = [—(03,—0%:0), Fm) —02.(1-0,m)]is
al x 2 vector. Now we can write the relative discount factor as

—p(PC — SP*C*) + (1 — p) Q = D1 Ez s, + Do[(M — M*), (G — G, (A-9)

with Dy = ~©8. (14047 ) being ascalar arB, = [0F,—O8,017% 08, (1-0/7 ) a1x2
vector of comblnatlons of structural parameters, witefk and©?B . are shown in Table A-1. Given
(A-8) and (A-9), the arbitrage condition (A-2) can be writtasRY>D’ = 0, whereR = R1H + Ro,
H = 2b(1 — 2bR;)"'Rs, andD = D;H + D, arel x 2 vectors.X. is the2 x 2 variance-covariance
matrix of the exogenous disturbances to the money supplygamdrnment spending. Even though
the economies are hit by monetary policy, government spgndind productivity shocks, only the
first two change aggregate income and move the exchangeHatae, households cannot and do
not need to insure themselves against relative productivivements across countries. Solving#or
yields

b= [RyXD5R] — D1R2ER2] R,YXD) /2. (A-10)

Nominal exchange rate in the NB economy Given the solution to nominal bonds holdings we can
express the nominal exchange rate in equation (A-1) as

5 (1 — pOle) (M — M) —I—p@?c(?—G*)’ (A11)

p+A—pA—a)2—z—2)

with ©F¢ and ©EC provided in Table A-1. As explained before, the exchange oally transmits
two of the three possible economic disturbances acrosgmesinThe impact effect of the shocks is
affected by the size of the equilibrium portfolio hoIdingbcsfince@ﬂC and@gc depend on the size of
b. The fact that not all disturbances are transmitted via tminal exchange rate has implications for
the price-setting decision of the firms since it directlyeaff the covariance relationship between the
nominal exchange rate and marginal costs of the firm. Congigdinearized version of the marginal
costs at home and foreign, equation (28). Together withteans(13) and (A-11) it follows that the
covariance between marginal costs and the nominal exchratgean be written as

— & _ (1— O
Cov(me,S) = +(1_/))(1_(1)(2_2_2)Var(]\J) (A-12)
Cov(imc",§) = — (1—p0iF) Var(M*), (A-13)

pt1—p)A—a)2—z—2)

respectively. Note that in the NB economies only monetasyudbances affect the covariance rela-

tionship between marginal costs and the nominal exchartge fde magnitude of this covariance

relationship will depend on the equilibrium bond holdirigsSince all shocks are uncorrelated, the

variance of the nominal exchange rate equals

(1- pGJJ\D/[C)2 Var(M + M*) + (p@SC)ZVar(@ +G*)
pr-p-a)2—z-2)P

with Var(@JrCA;*) andVar(J\//.TJr ]\/47*) reflecting the sum of the variances of the government spgndin

and monetary policy shocks at home and abroad.

Var(S) = , (A-14)
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A.2 Trade in bonds and equities
Additional to the asset market equilibrium condition fonkg, equation (A-2), we also take a second-
order approximation of the home Euler equity equation (1)) its foreign counterpart to obtain

Cov(fi — ST, PC — SP°C*) = l;ppcov(ﬁ _ 3T, 0). (A-15)

As for bonds, we linearize the periad= 1 budget constraint for the home country and its foreign
counterpart (11). Taking country differences yields

2 —

g

PC — SP*C* =

1 ~ — N ~ = -1 — —
(Il — STI*) + 2bRB,, — (G — G*) + JT(WL — SW*L¥).

Defining RE,, = L(Ti — STI*) and RYo» = =L (WL — SW*L*), we can rewrite the last equation
agt
PC — SP*C* = (2¢ — 1)RE,, + 2bRE, — (G — G*) + RNen. (A-16)

Optimal bond and equity portfolio  Given that both bonds and equity are traded, the equilibrium
bond position will now depend also on the covariance betwberrelative returns from equity and
bond holdings as well as on equilibrium equity holdings. I&wing the solution approach of the
previous section, non financial income equals

Non —~ Non .~ Non —~

. Non .~ ~
RYer = ©pF i Expyy, — 45" (A — A%) + ©F ™ (M — M*) - 045" (G - G*),  (A-17)
—~ ~ N Non Non Non Non
with Expiy = [20, (2 — 1)] [RE,,, RE,,) andOE | ©F" oF" andes ™ given in Table
A-2. The structural paramete€s}, . and©?, are also shown in Table A-2. Financial returns can be

written as . L
[RF2n7 Ran] = RiExpin + RZ[(A - A*)7 (M - M*), (G - G*)],7 (A'18)

Non
with Ry = [09,(1 GEZ”W) —(OFE" + ©Frin0%,) (1 + @ﬁg;;n)]/ andR, being a3x2 matrix,
which is displayed in the next section and contains the mhdit structural parametel@ﬁgn and

@?Fi”, given in Table A-2. Finally, the relative discount factguals
—p(PC — SP*C*) + (1 — p) Q = Dy Expsn + Do[(A — A%), (M — M*),(G - G")]', (A-19)

with D; = -5 (1+®§§5’7 ) being a scalar anB, = [08 CGAF” ol —eB.e;; v OB, (1+

Non
@2”" )] a1 x 3 vector of combinations of the structural parameters, wigfeand©X,, are defined

in Table A-2. Equations (A-17)-(A-19) allow us to write thelgtion to the bond and equity holding
in the NBE economy as

[ 26 (26—1) |' = [ReED4R, — D RySRS] ' RyEDY, (A-20)

whereX now represents th& x 3 variance-covariance matrix of all three shocks.

2Note that the parameters of Section A.1 assume differenesah this section.
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Nominal exchange rate in the NBE economy The solution to the nominal exchange can be derived
from the above. Given the relative budget constraint of Bbakls (A-16) and plugging in equations
(A-17)-(A-20) we can write the difference in nominal sperglas

PC — SP*C* = OLC(A — A*) + ©LC(M — M*) + 05°(G - G*). (A-21)
Substituting this back into equation (A-1) gives
5_ (1 — pOFC) (M — M*) — pOLC (A — A*) — pOLC (G — G¥)
ptA—p(I-a)2-z- 2 ’
with ©4¢, 07 andOEC displayed in Table A-2. In contrast to the NB economy, thehexge rate
transmits all three economic disturbances across coantAgain, the equilibrium outcome of the
nominal exchange rate depends on the equilibrium portilimcation of bonds), and equitiesgp.

From (28) and (A-22) it follows that the covariance betweergmal costs and the nominal exchange
rate in the NBE economies can be written as

(A-22)

o gy (L= pORf) Var(M) + pOVar(4)

Covtme:) = p+(1—-p)(1—-a)2—2-2%)

(1 — pOFC) Var(M*) + pOLCVar(A¥)
pt(1—p(1-a)2—2-2)

All shocks that affect marginal costs now also impact the inahexchange rate. Thus, the covariance
relationship between marginal costs and the nominal exghaate is not only affected by monetary
disturbances, as in the NB economy, but also by productilifurbances. The sign of this covariance
relationship, however, will depend on the equilibrium bdwitlingsb as well as the equilibrium equity
position¢. Since all shocks are uncorrelated, the variance of the manekchange rate in the NBE
economy equals

Cov(me*,5) = —

(1= pOfF)* Var(M + M) + (pOEC)*Var (G + G*)
o+ (1—p)(1—a)(2—z—z)
(p@ic)2 Var(A\ + A\*)
p+(1—p)(1-a)2-z—z2

Var(S) =

A.3 Coefficients of the full model

Table A-1 provides the coefficients for the case of trade iminal bonds only, while Table A-2 lists
the coefficients for economies in which bonds and equityracked.
The matrixR., for the bond and equity case is given by
RESY Rpin Rpin RESY -
—03c0,"", . (OpE" + O™ OP)0, " + L .
= in Rpin Rpin Rpin in
Ro =1 —0f,+02:0,/™, 05703, — (0pL" + 03" 020)0)

RNQn . . RNQn _

[
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Table A-1:Structural coefficients of the NB economies.

oY = l+(-pl-a@-2-2)"

OFc = POy

& = 20-a-20-n(-aa-i-7)06,
O, = (1-&) /&

o = —[-m(-aa@-z-05] /&

O = [1-2a-2(1-n)(1—a)a2—7— )05, —1+2d] /&
o = (1-pl-01-a)2-2-2 03

0% = pt(l-pll-(-a)2-2-7) 6%

&2 = 2(1-a)—[20+(1-n)(1—a)a(2-2- 203
oy = —{Oy2b+(1-n(l-aa2-2-2}/&
oz = 2(1-a)/&
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Table A-2: Structural coefficients of the NBE economies.

ofiFi = (ﬁ—[2(1—1—|—p—{p—(1—a)[é—l—i*+(2—2—2*)(2a(1—77)—1+p)]}@§30]>_1
&3 = 1-ZHA2a+p-1-{p-(1-a)F+7+(2-7-7)(2a(1 —n)+p—1)]} 0]
Oty = S 2a—14p—{p— (1-a)[F+5 + (2~ 5) (21— 1) — 1+ )]} &ic] /&
Oy = S p—(1-a) [+ 5+ (22— ) (2a(1 - ) — (1 - )]} OF /&
Of T = =l {p—(1-a) [+ 5 + (2~ 2 5) (20l ) — 1+ p)]} O3} /&
Ofrin = [1—2a+ (0 —1)p|o~"!
OFm = [e-D{(l-a)[F+7 - (2-2-7)(1—p—2a(1 —n))] - p} -
20a(l—a)(1—n)(2—2—29)]o !
. _ 1+20-1) (05" + 0§05 ) - W05
o+ (1-a)f+2—1+(2-2-7)(2a(l =)+ p— 1]} O3
LY = 201-9¢)7/4
off = {Z - (-a+7+@2-2-2)a(l—n) — (1-p)]} - (1 - 20)08"" — 20} 65 /&4
¢ = [0 - 1) + 2 (1 2a) +1] /&
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B Data appendix

Table B-1: Summary statistics of variables used in Section 2

count mean Var min max
dhb/gdp 1414 0.28 0.15 -1.05 2.48
dhb/debt 1414 0.30 0.24 -3.61 3.31
(Eq. & FDI)/GDP 1421 0.30 0.07 0.00 1.36
NFA/GDP 1421 -0.47 0.17 -2.33 0.84
log(Gross Debt) 1421 0.79 0.17 0.15 2.38
Chinn-Ito 1396 0.12 2.16 -1.86 2.46
Openness 1382 0.70 0.15 0.14 3.50
Net Exp. 1382 -0.04 0.01 -0.73 0.55
log(GDP/Pop.) 1421 7.54 2.30 4.28 10.65
log(Pop.) 1421 2.64 2.24 -1.37 7.17
Inflation Vol. 889 0.01 0.01 0.00 2.53
Exch. Rate Vol. 637 0.40 16.07 0.00 81.63
PCP 88 0.19 0.04 0.00 0.63
PCP+VCP 1421 0.10 0.08 0.00 1.00
PT 25 0.69 0.06 -0.02 1.04

See explanations below Tables 1 and 2 for description o&libes.

B.1 Data sources
We use the below variables from the following, freely acitdesdata sets:

e Lane and Shambaugh (2010): debt assets in domestic cudentEDP, debt assets in foreign
currency % of GDP, debt liabilities in domestic currency %GIDP, and debt liabilities in
foreign currency % of GDP for 109 countries (after elimingtbutliers, see below).

e The updated and extended version of the data set constrbgtécine and Milesi-Ferretti
(2007): GDP (USS$), Portfolio equity assets (stock), Pdidfequity liabilities (stock), FDI
assets (stock), FDI liabilities (stock), Debt assets {gtdoebt liabilities (stock), Portfolio debt
assets, Portfolio debt liabilities, and net foreign as@efA) for the same countries as in Lane
and Shambaugh (2010).

¢ International Financial Statistics from the IMF: exporfgoods and services, imports of goods
and services (both in national currencies), official or reaxchange rates (to convert into
US$), nominal effective exchange rate, CPI, and population

e Chinn and Ito (2006): updated Financial Openness Index.

e OECD Main Economic Indicators: M2. OECD Economic Outlook 8&%V: Government final
consumption expenditure, volume; IGV: Government grossdfigapital formation, volume;
GDPV: Gross domestic product, volume, market prices; ETallemployment; HRS: Hours
worked per employee, total economy; from 1970Q1 until 204,28) for the calculation of the
shock variances.
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Table B-2: Correlations of variables used in Section 2.

dhb/ dnb/ Eg& NFA GD  Cl Open. NX gdp/ pop IFV ERV PCP PCP

gdp debt FDI pop +VCP
dhb/gdp 1.000
dhb/debt  0.775 1.000
Eq&FDI -0.177 -0.207 1.000
NFA -0.842 -0.595 -0.146 1.000
GD 0.559 0.205 0.132 -0.570 1.000
Cl -0.291 -0.267 0.343 0.220 0.143 1.000
Open. -0.046 -0.180 0.270 -0.162 0.135 -0.056 1.000
NX -0.251 -0.235 0.220 0.233 -0.138 0.031 0.104 1.000
gdp/pop  -0.476 -0.396 0.396 0.448 -0.060 0.563 0.028 0.390001
pop -0.109 0.046 -0.145 0.196 -0.161 -0.120 -0.378 0.10D99. 1.000
IFV -0.016 0.004 -0.024 0.018 -0.022 0.009 -0.001 -0.028 3®.00.030 1.000
ERV 0.214 0.093 -0.034 -0.197 0.157 0.055 -0.012 -0.19982.00.025 0.612 1.000
PCP -0.625 -0.632 0.452 0.408 0.660 0.578 -0.515 -0.182 60.80032 -0.207 -0.354 1.000

PCP+VCP -0.172 -0.108 0.106 0.094 -0.052 0.137 0.103 0.052400 0.090 0.148 -0.024 -0.458 1.000

PT

-0.003 -0.100 -0.092 -0.003 0.175 -0.043 0.020 -0.00®21.-0.076 0.175 0.222 0.154 0.218

dhb/gdp=debt home bias (net debt in domestic currency mmetislebt in foreign currencies) over GDP, dhb/debt=debténbias over sum of debt

assets and liabilities, Eq. & FDI=sum of equity assets aagilities plus sum of FDI assets and liabilities over GDPANRet foreign assets over GDP,
GD=log of sum of debt assets and liabilities, Cl=index of fiicial openness from Chinn and Ito (2006), Open.=Sum of itspeond exports over GDP,
NX=net exports over GDP, gdp/pop=log of GDP over populatpmp=log of population, IFV=variance of quarterly inflatim the three preceding years,
ERV=variance of quarterly nominal effective exchange natihe three preceding years, PCP=share of exports set ie kamency, PCP+VCP=share
of exports set in home currency, US dollar or euro, PT=exgbaate pass-through into export prices.

e Kamps (2006): percentage of export goods priced in homeoyr see her Table Al.

e Choudhri and Hakura (2015): Short-run exchange rate paesgh into export prices, see their
Table 1.

The time period for our regressions in Table 1, 1990-2004jdtated by the length of the series in
Lane and Shambaugh (2010).

B.2 Data selection

The financial variables (sum of assets plus liabilities atfpto equity and FDI over GDP, net foreign
assets over GDP, total debt over GDP) feature some outlitiasse are mainly financial centers such
as Hong Kong, Switzerland etc. and some developing cognirilh extraordinary large and negative
net foreign assets. As large parts of the financial centesséta do most likely not represent asset
holdings of their own inhabitants (as assumed in our modledy are not subject of our analysis.
In developing countries with large debt, the currency dgmosition of net foreign asset reflects most
probably choices taken by donor countries instead of opfimifolio decisions of inhabitants. Using
different ways to remove outliers, however, give similasults. We use the multivariate technique to
detect outliers proposed in Hadi (1992, 1994) with a sigaifte level of 0.05 (the results are robust
to changes in this value). Removing observations that aidmuof three standard deviations of the
final sample for these variables results in very similamestes. Alternatively, manually removing
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Table B-3: Countries used in the regressions of Section 2.

United States
Austria
Denmark
France
Germany
Italy
Netherlands
Norway
Sweden
Canada
Japan
Finland
Greece
Iceland
Ireland
Portugal
Spain

Turkey
Australia
New Zealand
South Africa
Argentina
Bolivia
Brazil

Chile
Colombia

El Salvador
Guatemala

Haiti

Honduras

Mexico

Nicaragua
Paraguay

Peru

Uruguay

Venezuela, Rep. Bol.
Jamaica

Trinidad and Tobago

Pakistan
Philippines
Thailand
Vietnam
Algeria
Botswana
Cameroon
Chad

Tunisia

Uganda
Burkina Faso
Fiji
Papua New Guinea
Armenia
Azerbaijan
Belarus

Congo, Republic of Albania

Benin

Equatorial Guinea

Ethiopia

Iran, Islamic Republic of Gabon

Israel
Jordan
Oman
Syrian Arab Republic
Egypt
Yemen, Republic of
Bangladesh
Cambodia
Sri Lanka
India
Indonesia
Korea
Malaysia

Dominican Republic Nepal

Ghana
Guinea

Cote d'lvoire

Kenya
Madagascar

Malawi

Mali
Morocco
Mozambique
Niger
Nigeria
Rwanda
Senegal

Tanzania
Togo

Georgia
Kazakhstan
Kyrgyz Republic
Moldova
Russia
China,P.R.: Mainland
Ukraine
Czech Republic
Slovak Republic
Estonia
Latvia
Hungary
Lithuania
Croatia
Slovenia
Macedonia
Bosnia and Herzegovina
Poland
Romania

Countries are ordered according to their IFS code. Couwntoiewhich data on the pricing currency of exports is avddab
and which were hence used in the regressions of Table 2, oslgh)-(6) are written in italics. Countries for which data o
the export pass-through is available in Choudhri and Hakk045) and which were hence used in the regressions of Table
2, columns (7)-(8) are written in bold.

only the largest financial centers (defined as having valoethé sum of gross equity, FDI, and debt
of 7.86 or above, corresponding to the average value forapimg, Hong Kong, and Switzerland)
gives an impact of equity and FDI trade on debt home bias oiP Gf -0.21 (significant at the 5%

level) and of -0.13 on the share of producer-currency pgi¢aiso significant at the 5% level), both
resulting from the fixed effects regressions including afitcols displayed in the tables of Section 2.
Table B-1 summarizes the variables used in the regressiddedtion 2, while Table B-2 shows their
correlations. Table B-3 displays the countries which wesedu
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