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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 goodies. Contrary to previous literature,
the interdependence of this choice with the optimal padfehoice of internationally traded
financial assets is explicitly taken into account. In paific, price setters move towards more
local-currency pricing while the debt portfolio include®ra foreign assets following increased
financial integration. Both predictions are in line with mbempirical evidence.
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1 Introduction

Exchange rate movements have an important impact on ecordeuelopments, with two channels
standing out as the main transmission mechanisms. The ¢tad®el works via altered export and
import prices, while valuations and income from foreigneagmsitions are affected via the financial
channel. The trade channel depends crucially on the exehaatg pass-through and international
portfolio compositions determine the effects of the finahchannel. Both variables have changed
significantly over the recent two decades, a phenomenon dresslin this paper. Previous literature
has investigated both channels separately, analyzingeteeminants of either one of the mentioned
variables. We argue that this masks an important part of ittarp and take the interdependence of
the trade and the financial channel explicitly into accoMv.find that the currency decomposition of
international portfolios has a strong bearing on the valuth® exchange rate pass-through, which
allows us to explain the observed decline in of the latterr dirae! Specifically, we show that
international financial integration, measured by the nun#éal nature of available assets, affects
the international portfolio compositions of domestic tieka to foreign bonds and equities, which in
turn influences the exchange rate pass-through indireathstioongly. We present supportive novel
empirical observations showing that an increase in eqratjetis positively associated with a decline
in the holding of domestic relative to foreign net debt dosi (that is, a fall in debt home bias) and
a falling degree of exchange rate pass-through.

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(B907), 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 perigsée Kose et al., 2006), as well as relative
to total debt assets and liabilities pictured by the blackhéd line in the same parkl.

At the same time, holdings of net debt positions in domegliative to foreign currencies have de-
clined internationally. In the right panel of Figure 1, wefahe net debt in domestic currency less net
debt in foreign currencies over GDP (blue solid line) andrdwtal debt assets and liabilities (black
dashed line), for the same country group as above. Hencentp@ical evidence shows a trend to-
wards holding debt in foreign currency, such that domesgjenés benefit from a depreciation of their
own currency. Similarly, Bertaut and Griever (2004) docutran increase in the portfolio weights of
foreign long-term debt between 1997 until 2001 for Australia, Derknthe Euro Area, the United
Kingdom, and Sweden.

To explain the shifts in international portfolio compositiand the falling exchange rate pass-through

'For example, lhrig et al. (2006) report a statistically #igant decline in the average exchange rate pass-through
between 1975-1989 and 1990-2004 in the G-7 countries. Miaeazl. (2005) and Otani et al. (2003) have established
similar results concentrating on the U.S. and Japan, résplc The study of cross-country trade between EMU and-non
EMU countries by Campa et al. (2005) also suggests a dedlitieiexchange rate pass-through in a majority of countries.
Furthermore, the International Monetary Fund (2006b) shewonsiderable fall of pass-through into import prices for
Canada, France, Germany, Italy, Japan, the UK, and the U$tfie period 1975-89 to 1990-2002. Frankel et al. (2005)
and the International Monetary Fund (2006a) document acpéat strong decline for emerging economies. HM Customs
and Excise (2001) reports a reduction of the share of UK itsgmiced in pound sterling between 1999 and 2002 by 18 per
cent. See also Taylor (2000) and Campa and Goldberg (2002).

2\We use this time period throughout the paper due to the &ikijaof data on currencies of foreign debt holdings.
Appendix C provides a detailed description of the data.

SArguably, falling transaction costs and reduced infororal frictions have triggered this development and have in-
creased the possibilities of countries to hedge againssydicratic risk by changing relative portfolio weights ahdestic
to foreign equity. This is particularly relevant for couats that started with less developed financial markets.
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Figure 1:Sum of portfolio equity and FDI assets and liabilities ové5(left, blue solid line) and divided by
sum of debt assets and liabilities (left, black dashed Jineg¢rage debt home bias over total debt (right, blue
solid line) and divided by sum of debt assets and liabili{igght, black dashed line). Country sample: see
Table C-3. Sources: Lane and Milesi-Ferretti (2007) andelaamd Shambaugh (2010).

simultaneously, we develop a two-country stochastic géregquilibrium model of optimal portfolio
choice and endogenous pricing currencies in which we aadhgrelationship between the exchange
rate pass-through and international financial integraiticttetail. In particular, starting from a world
with trade in nominal bonds only, we add the possibility @fde in equity, representing increased
international financial market integrati6riThe expanded set of tradable financial assets allows agents
in both countries to hedge more effectively. Using both sssa turn, frees debt from some of its
burden to simultaneously hedge against all shocks preseheieconomy, such that it can be used
more specifically to insure against shocks that trigger aedggtion and reduce consumption. A fall
in the home bias of international debt holdings obtains.

The re-balancing of optimal international cross-counsged holdings does not come without an ef-
fect on other variables in our general equilibrium modgbeesally the nominal exchange rate. Since
the nominal exchange rate is the key variable for firms degitlb pre-set their export price in their
own currency (full exchange rate pass-through) or in thallearrency (incomplete exchange rate
pass-through), financial market deepening will have a gttoearing on the level of pass-through.
One of several influencing effects arises because intematirade of equities creates a larger impact
of productivity disturbances on the nominal exchange edhese shocks impact profits. With trade
in equities, higher profits partially leave the country wehéiney accrue, thereby changing relative
demand and the exchange rate. Since productivity distadsaalso change marginal costs, their cor-
relation with the nominal exchange rate increases. To avgta production in times of high marginal
costs, firms decide to price predominantly in local currenGpnsequently, when international finan-

“Thus, 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@)uarthat this quantity-based measure is best suited toreaptu
financial integration internationally.

5The link between the correlation between a higher coraidietween marginal costs and the nominal exchange rate
on the one side, and more local-currency pricing on the dthsrbeen shown by Devereux et al. (2004). In a previous
version, Devereux and Engel (2004) find that switching franoad-only international financial market to a complete $et o
state-contingent assets increases the importance af/eciiastead of absolute monetary stability for price settiAs their
model features only monetary disturbances as a source tfdlimns and does not endogenize optimal portfolio degssio
we see our paper as complementary. Similarly, our analgsis  the insights of Engel and Matsumoto (2009), who show



cial markets are more integrated the exchange rate pamsgtihhdeclines.

Despite the importance of the exchange rate pass-througlelfare and optimal monetary policy, as
well as for the creation of a monetary union there have belatively few explanations put forward
in explaining the decline of the exchange rate pass-thr8ugbr example, Taylor (2000) argues that
in (increasingly prevailing) low-inflation environmentset persistence of inflation is lower, which
also reduces the persistence of cost changes and the issettdichange prices after exchange-rate
movements. Campa and Goldberg (2005) confirm the negativelation between lower inflation
rates and lower pass-through, but attribute this to the shiimports towards goods that exhibit a
lower degree of pass-through. Our explanation that thmfaixchange rate-pass-through is affected
by the increased international financial integration doascontradict the above hypotheses and is
one of several important factors explaining the declindnaéxchange 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 theatgbapers 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 fooptienal composition of each country’s
debt and equity portfolio in terms of currency denominatidhe insights obtained within this paper
might be particularly important for groups of countriestth@ove towards a currency union. The
preceding financial market integration can reduce exchaaigepass-through, lowering the costs of
giving up the nominal exchange rate as a channel of adjustaftar idiosyncratic shocks, see also
Engel (2000) and Devereux and Engel (2003). To the best okoowledge, this aspect of the
endogeneity of optimum-currency-area criteria has not lex@lored so far.

The remainder of this paper is organized as follows. In $ac® we provide empirical evidence
on the link between international financial integration &nel increase in debt home bias. Section
3 describes our theoretical framework and lays out the @dtpuortfolio choice under alternative as-
sumption regarding financial markets. Section 4 describal/fcal results regarding the interaction
between international financial markets and the pricingenuay choice under a simplifying calibra-
tion. Section 5 concludes. In Appendix A we solve the modeluiorestricted parameter values,
with coefficients summarized in Appendix B, while Appendixi§ls the sources for all data used
throughout the paper.

2 Empirical evidence

In the following we apply regression analyses to empincalkentify the importance of international
equity trade (relative to trade in debt) for determining dedt home bias and the exchange rate pass-
through. The debt home bias (dhb) is defined as net debt lgsldmdomestic currency minus net
debt holdings in foreign currency. Our empirical analyisvgs that higher levels of equity trade lead

that an explicit exchange-rate insurance can induce the sdlotation as trade in a complete-markets setup. In ouemod
with more shocks, bond and equity holdings serve as impestdsstitutes for such a insurance.

50bstfeld and Rogoff (2000) have shown that with full excterage pass-through it is not desirable for monetary policy
to target the nominal exchange rate in terms of welfare. Aifigeexchange rate allows for the adjustment of relativegsi
and helps to stabilize output and other macroeconomic hlasan response of an external shock. However, if exchange
rate pass-through is incomplete the exchange rate becames|pss to alter relative prices and, hence, the shoatrlaing
mechanism of a floating exchange rate evaporates (Deverelgmgel, 2003). An important consequence is that under
these assumptions countries should adopt a monetary molieyted at minimizing exchange-rate fluctuations to impro
welfare. Other studies showing the importance of pasaitiironclude Betts and Devereux (1996, 2000), Engel (2001@), a
Obstfeld and Rogoff (2002).



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

1) 2 ) (4) ©) (6) (7) 8)
dhb/gdp dhb/gdp dhb/gdp dhb/gdp dhb/gdp dhb/gdp dhb/gdp bigdp

(Eq. & FDI)/GDP 0.0714 -0.41%*-0.421°*-0.397**-0.369**-0.350"*-0.346™*  -0.565"*
(0.122) (0.114) (0.101) (0.101) (0.102) (0.109) (0.106) .0908)

NFA/GDP -0.763**-0.586**-0.554**-0.553**-0.554**-0.543**  -0.738**
(0.0674) (0.0624) (0.0639) (0.0615) (0.0612) (0.0624) 07B0)
log(Gross Debt) 0.205* 0.210** 0.214** 0.192** 0.150* 0.0302
(0.0559) (0.0553) (0.0532) (0.0636) (0.0656) (0.0448)
Net Exp. -0.150 -0.135 -0.130 -0.133 -0.0538
(0.105) (0.0818) (0.0802) (0.0839) (0.0719)
Openness -0.130**-0.140**-0.150**  -0.0718
(0.0480) (0.0495) (0.0436) (0.0406)
log(GDP/Pop.) -0.0468 -0.0829 -0.0778
(0.0431) (0.0520) (0.0309)
Chinn-Ito -0.0226 0.00114
(0.0124) (0.00354)
log(Pop.) -0.480* -0.0698
(0.187) (0.134)
Constant 0.354*0.0787** 0.00424 0.00368 0.0763 0.443 1.952 0.902*
(0.0327) (0.0275) (0.0405) (0.0404) (0.0484) (0.352) O)7 (0.411)
T&CFE Yes Yes Yes Yes Yes Yes Yes No
Observations 1414 1414 1414 1375 1375 1375 1351 1099
Adjusted R? 0.184 0.624 0.657 0.659 0.669 0.671 0.684
F 5.982 27.90 33,52 28.79 39.10 39.21 44.22

Robust standard errors (clustered at the country levelaiarmgheses < 0.10, ** p < 0.05, *** p < 0.01. dhb/gdp=debt
home bias (net debt in domestic currency minus net debt eidorcurrencies) over GDP , (Eq. & FDI)/GDP=sum of
equity assets and liabilities plus sum of FDI assets andlitiab over GDP, NFA/GDP=net foreign assets over GDP ,
log(Gross Debt)=log of sum of debt assets and liabilitiekin@-Ito=index of financial openness from Chinn and Ito @00

, Openness=Sum of imports and exports over GDP , Net Expxpetts over GDP , log(GDP/Pop.)=log of GDP over
population, log(Pop.)=log of population, T & C FE=time anauatry fixed effects. Column (8) displays results from a
mean group estimator. Data sources are listed in Appendix C.

to a decline in both, the dhb and the exchange rate passgthrowe thereby confirm two crucial
predictions of our theoretical model, which is outlined le thext section. Our results are meant as
first steps towards a verification of our model predictiongulPcharacterization of the data, however,
is beyond the scope of this paper.

To analyze the connection between increased trade in eguitya falling debt home bias we conduct
a panel regression analysis of 109 countries covering the fieriod 1990-2004. Table 1 shows a

For this pooled OLS regression, we discard outliers, usastotegressions, and cluster standard errors at the country



Table 2: Impact of equity trade on debt home bias over totad de

@) ) ©) (4) () (6) (7) (8) (9)
dhb/debt dhb/debt dhb/debt dhb/debt dhb/debt dhb/debiebb  dhb/debt  dhb/debt

(Eq. & FDI)/GDP -0.0643 -0.337%-0.334"*-0.320"* -0.269* -0.269* -0.269*  -0.243*  -0.854**
(0.107) (0.112) (0.113) (0.113) (0.106) (0.106) (0.107) .1(B) (0.166)

NFA/GDP -0.428**-0.507**-0.484**-0.483**-0.483**-0.483** -0.424** -0.957**
(0.0674) (0.111) (0.109) (0.106) (0.106) (0.106) (0.0928) (0.117)
log(Gross Debt) -0.0919 -0.0853 -0.0796 -0.0796 -0.0792 .05 -0.456**
(0.0931) (0.0925) (0.0881) (0.0881) (0.103) (0.0854) 980
Net Exp. -0.0951 -0.0691 -0.0691 -0.0692 -0.0438 -0.0233
(0.0952) (0.0901) (0.0901) (0.0910) (0.0888) (0.126)
Openness -0.231* -0.231* -0.230* -0.185* -0.0887
(0.0958) (0.0958) (0.101) (0.0707) (0.0786)
log(GDP/Pop.) 0.000832 -0.0291 -0.117
(0.0594) (0.0632) (0.0470)
Chinn-Ito -0.0106 0.00318
(0.0132) (0.00528)
log(Pop.) -0.143 -0.0518
(0.260) (0.253)
Constant 0.417* 0.263** 0.296** 0.290** 0.420** 0.420** 0.413 0.969 2.144*
(0.0245) (0.0312) (0.0517) (0.0519) (0.0805) (0.0805)519) (1.065) (0.780)
T&CFE Yes Yes Yes Yes Yes Yes Yes Yes No
Observations 1414 1414 1414 1375 1375 1375 1375 1351 1099
Adjusted R? 0.209 0.311 0316 0311 0334 0334 0.334 0.376
F 6.975 8.362 8384 7.793 8574 8574 8.194 8.882

Robust standard errors (clustered at the country levelpierngthesesp < 0.10, ** p < 0.05, *** p < 0.01. Column
(8) displays results from a mean group estimator. dhb/afiithome bias over sum of debt assets and liabilities. For
description of control variables, see Table 1. Data sowacesisted in Appendix C.

significant negative impact of (the log of) the sum of pordaquity and FDI assets and liabilities
on debt home bias over GDP, as defined above. We control ferdimad country fixed effects and a
set of other variables that might impact on the debt home Bidgse are log GDP, log Population,
the updated Chinn and Ito (2006) index for the capital actopenness, net exports over GDP, net
foreign assets (NFA) over GDP, and total debt (log of debétasglus liabilities). We include the
index of Chinn and Ito as restriction on debt and equity tremldd have an impact on the relative size
of these two variables.

Furthermore, Table 2 shows that the negative effect of txjalty trade is also present if debt home
bias over total debt (sum of debt assets and liabilitiesseduas the dependent variable. Regarding

level. See Appendix C for the country list of the 109 coustiéssessed, a description of all data sources and handling as
well as summary statistics and correlations.



Table 3: Impact of equity trade on share of exports in homesogy minus that of imports
1) (2) 3) (4) ) (6) (7) (8)
PCP PCP PCP PCP PCP PCP PCP PCP+VCP
(Eg. & FDI)/GDP 0.0959 -0.244 -0.311** -0.300** -0.223* -0.268**-0.347** -0.218*
(0.143) (0.128) (0.0961) (0.0931) (0.0939) (0.0784) (©)10(0.0774)

Inflation \Vol. 0.130 0.476 0.189 0.227 -0.00982 0.259 -0.436  -0.488
(0.169) (0.189) (0.125) (0.150) (0.120) (0.200) (0.609) .482)

Exch. Rate Vol.  -0.00897 -0.0125-0.00766-0.00725-0.000360-0.00685 0.0231  0.00505
(0.00572) (0.00390) (0.00389) (0.00370) (0.00468) (068)30.0324) (0.0230)

year -0.000354 0.008360.00362 0.00335
(0.00522) (0.00410) (0.00239) (0.00243)
NFA/GDP -0.376* -0.195** -0.192** -0.134** -0.0644 0.0849 0.0453
(0.128) (0.0572) (0.0561) (0.0213) (0.0509) (0.168) (9)11
log(Gross Debt) 0.210* 0.210** 0.228** 0.232* 0.315** 0.0429
(0.0616) (0.0630) (0.0625) (0.0786) (0.0722) (0.0512)
Net Exp. 0.202 0.274 0.239 -0.0745
(0.197) (0.226) (0.375) (0.266)
Openness -0.0968 -0.0526  -0.147
(0.0627) (0.176) (0.125)
Chinn-Ito 0.0146 0.0328 -0.0135
(0.0136) (0.0220) (0.0156)
log(GDP/Pop.) 0.0419 0.0410 0.0189
(0.0334) (0.133) (0.0941)
log(Pop.) 0.127 0.491 -0.324
(0.677) (0.784) (0.556)
Constant 0.956 -16.42 -7.023 -6.494 0.230* -0.665 -1.880 1.969
(10.40) (8.175) (4.766) (4.845) (0.0278) (2.175) (2.772)1.966)
TFE No No No No No No Yes Yes
Observations 53 53 53 53 53 53 53 53
Adjusted R? -0.028 0.448 0.665 0.661 0.661 0.689 0.599 0.410
F 795.4 47.17 442.3 633.1 181.9 92534 5.033 3.143

Robust standard errors (clustered at the country leveljainemqtheses (except for columns (7) and (8)).< 0.10, **

p < 0.05, " p < 0.01. All specifications include country fixed effects. PCP=ghaf exports set in home currency,
PCP+VCP=share of exports set in home currency or US dolleuas, dhb/debt=debt home bias over sum of debt assets
and liabilities, Inflation Vol.=variance of quarterly inflan in the three years before, Exch. Rate Vol. varianceiaftgrly
nominal effective exchange rate in the three years befoog.dEscription of other control variables, see Table 1. Data
sources are in Appendix C.
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Figure 2:Relation between share of imports priced in local curreagl,equity and FDI (assets plus liabilities)
over debt (assets plus liabilities). A linear regressioe lis added. Sources: Lane and Milesi-Ferretti (2007)
and Kamps (2006).

the size of the effect, an increase of 1 percentage pointanstim of equity and FDI assets and
liabilities over GDP decreases debt home bias over GDP hyndrd32 percentage points, and debt
home bias over total debt by .22 percentage points. Impitytahis effect is also present if we
control for total debt in both sets of regressions. Bothltesre statistically significant at the 1% and
5% level, respectively. Specification (8) in both tableslgnments a mean group estimator, allowing
for heterogenous slope coefficients across countries. eitisiation results in even larger and more
significant coefficients for both specifications. We can dfae conclude that the more equity is
traded internationally, the lower is the debt home biasshplies that agents choose a debt portfolio
from which they benefit more in case of a depreciation of tbwein currency.

Unfortunately, we lack a similar comprehensive data setxash&nge rate pass-through. Our analysis
is therefore restricted to a smaller sample, which can gs/@nly indications for the relationship
between pass-through and equity trade. Specifically, wedateon how much of the invoicing of
imports and exports is done in the local currency, provide&amps (2006), an unbalanced panel
of 17 countries, ranging from 1994 until 2084As a first approach, in Figure 2 we plot the share
of imports priced in local currency against our measure foarfcial integration. A clear positive
correlation emerges with a correlation of 0.63. This catieh, however, is not directly related to the
explanation for falling pass-through presented in thisgpdgecause it links the financial integration
of the importing (in contrast to the exporting) country te tpricing-currency choice. As we are
interested in the impact of financial integration of a givewrry on the behavior of its domestic
firms, we turn to the share of exports priced in the currencyhefexporting country which also
features less outliers. A lower number shows that less prieact to movements of the countries
exchange rate, typically indicating a lower degree of ghssdgh. As exchange rate and inflation
volatility are likely to influence the level of pass-throydhey are also included as control variables

8Countries and descriptive statistics are listed in Appeii



(a preceding three-year window was used for their constmict Again, we control for country and
time fixed effects in columns (1)-(7). We find a relativelyostg negative impact on producer-currency
pricing. A one-percentage point increase of gross tradejuities and FDI decreases the share of
exports priced in home currency by around -.34 percentagasyaepending on the specification.
It is a priori not clear if there are global developments thi¢ct the level of pass-through which
we do not control for in the regression. Taking out time fixé&@ats in column (8), but keeping
country fixed effects, increases the degrees of freedom amififims the results. There are too few
observations per country for a group mean group estimatqoi prices that are not set in domestic
currency can also be set in vehicle currencies, such as theéoles or the euro. This case shares
some properties from local and producer-currency pricdgvelopments in the importing countries
that affect its exchange rate relative to the vehicle cayeiter its import prices. On the other hand,
domestic developments that affect the domestic excharigeloanot change the export good’s price
in the currency of the importing country. We hence conductaistness check in column (9) by using
the sum of the shares of export goods priced in home curréigydollar or euro as the dependent
variable. Across specifications we find a clear negativeioglship between financial integration and
producer-currency pricing.

From our empirical assessment we conclude with two main capifindings: The higher the fi-
nancial integration, the more equity is traded internatilynthe lower is the debt home bias and the
smaller is the degree of exchange-rate pass-through. Heeetion presents a model that is able to
replicate these empirical patterns by allowing for botheadogenous portfolio choice by households
and optimal price-setting behavior by firms.

3 The Model

This section presents a formal analysis of the effects efimational asset trade on the exchange rate
pass-through. The analysis builds on Devereux and Eng@Bj2énd similar models. There is a
stochastic two-country world. Agents of the hontg,and foreign,F’, country produce traded goods.
Both countries are of the same size and its inhabitants dex@u by numbers in the intervl, 1.

Home agents consume a continuum of differentiated home @eijh goods. Each household pro-
vides labor to the domestic monopolistic firms. Each firm gsetkome and export price prior to the
realization of aggregate technology disturbances, monetlicy shocks and demand disturbances,
induced by the fiscal authority in each country. Firms meebated at the pre-set price. Foreign
country conditions, indicated by an asterisk, are definedogiously.

There are two periods. In periad= 0 no output is produced and no consumption takes place but
households trade assets in international financial malettse any shocks occur in the economies.
Two different international financial asset markets aresssd. Households can either choose the
amount of wealth they like to invest in home and foreign nahimonds, or in home and foreign
nominal bonds as well as equities (i.e., claims on the fupnodits of foreign firms). Moving from

an asset market where only nominal bonds are traded towaiscfal markets where both nominal
bonds and equities are held is interpreted as internatiimahcial market integration. After asset
trade has taken place firms decide whether to set their prpree of export goods in their own
currency (i.e., producer-currency pricing, PCP) or in theency of the importing country (i.e., local-
currency pricing, LCP). In period= 1 households decide about money balances, consumption, and
labor supply, while firms produce and sell goods that conssiishiemand, once uncertainty is resolved.



3.1 Households, firms and international financial markets

Preferences and demand for goods Expected utility of the representative household is insirea
in the aggregate consumption ind€% real money balance®// P and decreasing in the disutility of
work effort L in period1:

1-p v

U=E % Xln%—KL (1)
The expectation operator across states of natures in perod given datet = 0 information is
denoted byF,. The parametep > 0 is the degree of relative risk aversian> 1 is the inverse of
the elasticity of labor supply whilg and K are strictly positive parameters. Total labor supplpf
the representatlve household is distributed across mdistipdirms of unit mass, indexed by, so
thatL = fo z)dz. The consumption index is a composite of domestic goods andgyproduced
abroad,

n—1 1 n=1717=-1

L a1
C=lanc, +(1—a)i 0, } " with P = [ap};u (1—a)Py """, )

being the home consumer price index. The elasticity of gulish between home and foreign goods
n > 0 captures the sensitivity of the allocation between homefaraign goods with respect to rela-
tive price changes. For > 1, home and foreign goods are substitutes. The paramete — n/2
measures the overall share of home goods in the home corisuniyaisket (see Sutherland, 2005),
where trade openness is measured by the parameter, < 1. This formulation accounts for the
empirical consumption bias towards tradable goods pratilomslly; households give a higher weight
to local than to foreign goods. In case of complete trade e = 1), there is no home bias in
consumption and domestic as well as foreign householdsuommgqual shares of home and foreign
goods. In case of = 0, both countries are completely closed. Consumption of hanteforeign
goods are each a constant-elasticity-of-substitutiordiguaf differentiated products, with > 1 re-
flecting the elasticity of substitution between differated goods. All home goods sold domestically

by local firms are priced in domestic currency, resultinghimtbundleC ;= fo o dz)7- 77, with the

corresponding price indeb?H:(fO1 PH(z)l_”dz)ﬁ. Imports can be priced elther in the consumer’s
(LCP) or exporting firm’s (PCP) currency. It is assumed thatftactionz* of firms in foreign country
exhibit LCP, and the remaining fractidn— z* are engaged in PCP, so that

1

Pr(2) "7z + /I(SPI’;(Z))l—C’dz> o for Cp = </ C’ 7 dz) N )

(0

The nominal exchange rate reflects the home currency price of the foreign currency. |égaus
conditions hold for the export goods of the home courfirywith Z reflecting the fraction of home
firms deciding on LCP and — Z of firms following PCP. Domestic demand for home and foreign
goods depends on the intra-temporal budget constfairit= PyCpy + PrCr. Maximizing (2)
subject to the intra-temporal budget constraint leadseéddtowing demand functions for home and
foreign goods

Cr=a (P_;>_nc and Cp=(1—a) <%>_n c, @)



with the following demand functions for individual hom@y; (z) = (Pr(z)/Pr)~?Ch, and foreign
goods

LCP —-g
Cr(z) = <M> Cr for=0,..., 2%,
Pr
PCP -0
Cp(z) = (SPFpi(Z» Cr forz = 2%, .., 1, (5)
F

showing thatz* foreign firms provide the home country with the foreign goo@ @rice charged in
home’s currency andl — Z* at a price of foreign’s currency. Analogous demand funatiapply for
the home good consumed in the foreign country. Our goal willdoderivez andz* in equilibrium,

given the underlying international financial market stiwet

International financial markets and budget constraints We assume different international finan-
cial market structures: in periad=0, international asset trade may take place in nominal bdiB3 (
or in nominal bonds and equity shares (NBE). Moving from arfaial market where only nominal
bonds are traded towards financial markets where both bahdaunty trade takes place is interpreted
as increasing international financial integration and deamg. Thus, the degree of international finan-
cial integration is measured by the amount of financial uregnts available to insure against different
types of risk.

Trade in bonds only (NB economy)
When international financial markets are less integratesl dissumed that only trade in home and
foreign nominal bonds in period=0. Bonds are in zero net supply in each period such that

BH—FB;}:O and BF—I—B;;:O, (6)

where By (Br) are domestic (foreign) nominal bonds held by domestic ébolsls andB7; (B7)
are domestic bonds held by foreign (domestic) consumersneHoonds are denominated in home
currency and foreign bonds in foreign currency. For themgpeces of homep g, and foreign bonds,
pp, at timet=0 the home household faces the following budget constraint

pBH — ppSoBr = 0. (7)

Due to the initial symmetry, the foreign budget constraint & 0 can be written in terms of the
currency of countryf! as:ppBj; + ppSoByr = —ppBu + ppSoBr = 0. Furthermore, the price for
bonds is initially identical and, = 1. Consequentlypgp = p}; holds. Furthermore, we assume that
the initial net foreign asset positions in both countries zero so that

By = —SyBr and B}k{ = —SQB;;,

when expressed in countrdf currency units. If a country goes short in its own bonfg; < 0
(B < 0), this implies that this countryif (¥'), holds a positive position of foreign bond8z (B7;).
Using (6) this can be written as

B = S()B}k; and B}k{ = SyBF.

We can thus express both bondsias= By = SpBj. Our goal will be to solve foil3. B < 0
then implies that countryf borrows in domestic currency and lends in foreign currenéywould
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in this case benefit from a depreciation of its currency. Aftee realization of shocks in period

t = 1 the representative household derives its income by supplgbor at the nominal wage rate,
receiving nominal profits from domestic firms and returnarfrbond holdings determined in the
previous period. Turning to the expenditure side, the hooiseconsumes, holds money, given
the initial money stockl/y, and pays lump-sum taxds The budget constraints of the representative
households in countried and F' in periodt =1 are then given by

M+ By —SBp+WL = PC+M—My+T, (8)
SI* — By + SBy 4+ SW*L* = SP*C* +S(M* - M; +T%), 9)

respectively. Total nominal profits from home and foreiglesaf the domestic and foreign firms are
IT andIT*. W and W* reflect the nominal wage rate at home and abroad. In case phontinal
bonds trade, the Euler equations that characterize the stanf®@usehold’s optimal portfolio choice
decision are given by

Aops = Eo(A),  Xopp = Eo (AS),

where\ = % is the Lagrange multiplier associated with the peried 1 budget constraint. Due
to the initial symmetrypp = pJ%; the marginal benefits of both types of assets have to be egual
expected terms, if expressed in the same currency. Henedoltbwing equation defines the asset
market equilibrium conditions at home and abroad,

c—r c—r crr crr
Note that due to the zero net foreign asset positions, aier both bonds will be held, such that the
Euler equations have to hold for both bonds.

Trade in bonds and equity (NBE economy)

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

pBy — SopBr + ¢pE + ©SopE = PE, (11)

wherepg (p},) is the price for a home (foreign) equity share an@) is the amount of home (foreign)
shares purchased by domestic consumers. Since the supgfiyi@fe and foreign shares is normal-
ized to unity, the equilibrium in the asset market is chaaoed bypy = 1 — *. Moreover, it follows
from symmetry thatp* = ¢, which implies thatp = 1 — ¢. Our goal will be to derive the optimal
equity and bond position. In periad= 1 the budget constraints of the representative consumers in
countriesH andF' are given by

¢pll+ (1 —¢)SII* + By — SBr + WL = PC+ M —My+T, (12)
¢pSI* + (1 — )1 — By + SBp + SW*L* = SP*C*+S(M*—Mj+T"),
where the households derive their financial income fromihgldominal bonds and receiving nominal
profits from domestic and foreign firms according to the an®ohshares determined in the previous
period. Forp > 0.5 we have a home bias in equity holdings. For trade in equitesEuler equations

with respect to equity shares equalize the marginal codtsiyihg an additional unit of firms profits
in periodt=0 to the marginal gains in periad=1. They are given by

Aope = Eo (A1), Aopp = Eo (ASITY).
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Plugging the Lagrange multiplier of the periog= 1 budget constraint into the above equation, the
Euler equations can be written as

c—r cr . . P N\ (O
EO (TH> = E() <TSH ) andEo (SP* H> = E() ( Spr STI > s (13)

which define the asset market equilibrium condition at horeabroad.

Money demand and labor supply In periodt=1 the representative consumer maximizes her util-
ity (1) with respect to consumption, money balances, ankwtiort subject to the budget constraint
(8) or (12). In particular, as shown above, the consumptiolereequations will depend on the as-
sumed asset market structure, i.e., the number of intemadly traded financial assets.The first-order
conditions associated with money holdings and the labgplgugecision imply
v—1

respectively. The second equation states that the mangiteabf substitution between consumption
and leisure is equal to their relative price. As in Deverend Engel (2004) we assume in the fol-
lowing thatv = 1, which implies an infinite wage elasticity of labor supphhelforeign country has
similar first-order conditions.

(14)

Money market and the nominal exchange rate The first-order conditions associated with money
holdings allow us to express the money market conditionsuastibns of the nominal spending at
home and abroad

1 M w1 M7
Expressing the two conditions in domestic currency unit smiving for the nominal exchange rate
yields
M [ PC \ " [SP\'"*
5= <SP*C*> < P > ' (16)

The nominal exchange rate will be affected by the underljntgynational financial market integration
since differences in nominal spendings<-, depend on the number of asset types to be traded, as
shown by equations (8) and (12).

Monetary and fiscal authorities The money supply in each country has a mean value of zerp, i.e.
Ey (M) = Ey (M*) = 0 and a finite varianc& ar(M) andVar(M*), where the home and foreign
monetary disturbances are uncorrelated.

The home government finances its consumption spending bysrafataxes and seigniorage. Its
budget constraint equalBG = T + M — M,, whereT denotes lump-sum taxes. It is assumed that
total government expenditui@ is a random demand shift with a mean valueHf(G) = 0 and a
finite varianceV ar(G). A similar expression holds for the foreign country. The ggmment in each
country consumes the same shares of local and foreign prodsi¢he private sector, such that home
government demand for differentiated goods takes the same ds the private demand functions
(4) and (5),Gg = a(Py/P) "G andGr = (1 —a) (Pr/P)"" G. Consequently, the individual
government demand function are the same as in (5) and aldddrdhe foreign country. We assume
that home and foreign government spending shocks are @hateml.
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Profits and firms’ price setting decision Firms produce differentiated goods under monopolistic
competition and hire labat at the nominal wage rat&’. In ¢ =0, firms set their prices by maximizing
expected profits from sales in=1 and decide in which currency the prices of the export googie ha
to be set. The production function of fireis given by

Y (2) = AL (2) = Ct () + Gt (2) + i () + Gy (2).

whereA is the productivity parameter that can be seen as a randdtirsproductivity with a mean

value of Ey (In A) = 0 and a finite variancé ar(A). A similar expression holds for the foreign
country. We assume that both shocks are not correlated. SHoeiated profits for domestic sales are

Bo () = Eud (Pu(z) — me) (1) (1) T,

Profits are discounted with the stochastic discount fagterC—*/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 firfislarginal costs are equal

to

W
=—. 17
me = — 17

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

g Eo(mcCHd)
o—1 Ey(Cgd)

given the respective individual demand functions. Whendidacide whether to set the export price
in their own currency (PCP) or in the local currency (LCP&ytltompare their expected profits from
selling in PCP or LCP. The expected profit function of a homma filom sales to the foreign country

in local currency can be written as

Py(z) =

Eo (2C7(2)) = Eod (SPCP(2) — me) (%) N (ifz ) o (18)
H

The profit-maximizing price for local-currency pricing figts P;“7 (z) = 2 Eg(mcZ*)/Eo(SZ*),
for z =0, ..., z, with Z* = dP;; " P*"D*. Using this solution, the expected discounted profits from
export sales in the local currency are

By (7F9F(2)) = 6 (EgSZ*)” (EgmeZ*)' ™7, (19)

wheres = (1/(c — 1))(o/(c — 1))7?. The first term of the right-hand side of equation (19) re-
flects the expected revenues from sales while the secondsteaws the cost component of expected
profits. Thus, revenues and therefore profits under LCP raeadiin the nominal exchange rate. This
means that under LCP domestic currency revenues increasm-@me with a nominal exchange rate
depreciation. Costs are unaffected by changes in the nbexohange rate since exchange-rate move-
ments do not induce any demand changes. This can be seenlsartg when taking a second-order
approximation of expected profits under LCP

Ey (757 (2)) o JVL(S) —(c—1)

Var(me) Var(?)
5 +

+ Cov(me, Z*) |, (20)

9Given that each firm is a monopolistic producer, profits wéllgmsitive for a finiter > 1.
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whereX = In 1 X — In X denotes the percentage deviation of the varidbligom its steady states.
Furthermore XY = (In X —In X))+ (In Y —In Y reflects the sum of the percentage deviations of the
variablesX andY from their respective steady states. The variance is deyt® ar(X) = Eo(X?2)

and Cov()? ,}7) = EO()? : }7) reflects its covariance with variablké. Equation (20) shows that
expected profits under LCP are increasing in nominal exawaatg volatility via expected revenues.
Furthermore, changes in the nominal exchange rate do remtafkpected costs. The expected profit
function of a home firm from sales to the foreign country indarcer currency can be written as

E (WPCP(z)) = F, d(PPCP(z) — mc) w (BT D* (21)
0 0=\ H SP;, P+ ‘
The corresponding profit-maximizing price for firms that éoypproducer-currency pricing is then
given by PP (2) = -2 EymcS? Z* | Ey(S° Z*), for = = Z, ..., 1. Using this solution, the expected

discounted profits from export sales in the producer cuyr@mne given as
By (7P9F(2)) = 6 (ES°Z*)7 (EgmeST Z2*)' 7. (22)

Under PCP, expected profits are convex in the nominal exeéheatg sincer > 1. Then, due to the
expenditure-switching effect a nominal exchange rateatggtion increases foreign demand for do-
mestic goods by more than one-for-one siacel . This means that ceteris paribus, with an expected
rise in nominal exchange rate, revenues from sales underifit@#ase relative to LCP. However, in
contrast to LCP a change in the nominal exchange rate dirgnfpacts expected costs and hence
expected profits negatively. Both points can be illustrdtgdaking a second-order approximation of
expected profits under PCP:

~

Var(S)

Var(me) Var(é\*)
5 +

Ey (7P (2)) x o + Cov(me, Z*) + oCov(me, S) | .

—(o-1)

(23)
Under PCP, nominal exchange rate variability increasesnuss, ag > 1, due to the expenditure-
switching effect. However, changes in the nominal excharge induce demand changes under
PCP. As the firm has to meet the demand the given price it hagjiistdts labor inputs. A higher
variability in production inputs requires adjustments im& marginal costs which affects expected
costs negatively, so th&tov(me, §) > 0. The positive covariance between the nominal exchange
rate and marginal costs leads to an increase in expectdéddsta under PCP relatively to total costs
under LCP. This fact will be of importance when assessingdleof international financial market
integration on the export price setting behavior of firms.fihancial integration affects the behavior
of the nominal exchange rate it will influence the price settiecision of firms. Following Devereux
et al. (2004) and subtracting (20) from (23), we obtain theigien rule of the home firm whether to
set its export price in its own or the local currency. The firitl get its price in PCP (LCP) as long as
expected profits under PCP (LCP) are higher than under LCP);P0ch that a firm’s decision rule
becomes

~

Var(S)
2
The optimal pricing currency condition (24) holds underassumption that the discount factor, prices
of other firms, foreign total demand and foreign prices aitialty exogenous to an individual firm
and its pricing currency decision. Analogously, a foreigmfhas similar profit structures and will
decide to price its exports to the domestic economy in theigor(home) currency if

— Cov(me, S) >0, (< 0). (24)

~

Var(S)

5 + Cov(me*, 8) >0, (<0). (25)
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The last two equations determine the optimal degreg aid Z* and thereby the equilibrium home
(foreign) exchange rate pass-through;- Z (1 — 2*) conditional on the financial market structure.
Before we outline how international financial market coiodi$ interact with the exchange rate pass-
through we describe the equilibrium and steady state of ieemn

3.2 Equilibrium and steady state

The above described optimality and market clearing cambtiare used to determine the endogenous
variables in equilibrium — in particular, the equilibriurorne exchange rate pass-through,z (1 —z*
for foreign), as well as the equity, and bond portfolios

b=TB/PC,

which corresponds to the negative of the debt home bias. attomal expectations equilibrium is a set
of values for consumption, output, labor, real wages, prared the optimal portfolio shares, given the
distribution of shocks to technology, government spenéind money supplies at home and abroad,
(A, A* G,G*, M, M*). The model is solved by linearizing around the symmetric-stmehastic
steady state where the economic disturbances equal zero.

In steady state a country’s sales revenue is givelRbB)W = Y Py = PC. It follows that profits
and labor income are shares of a country’s income, givehlby (1/0)REV andWL = ((o —
1)/o)REV, respectively. Given the symmetry across countries, @sioly power parity holds in
steady state, so thatP* = P. Furthermore, individual prices are given By, = ((o — 1) /o)W /A.

As the two countries are identical in steady state, the lawnefprice holds within and across goods,
Py = SP;, = Pp = SP;. Having described the optimal pricing conditions, the Boiim and the
steady state, we will now show how the integration of intéomeal asset markets affect the exchange
rate pass-through via the composition of asset trades ancfadanarkets.

4 Financial Markets and the falling exchange rate pass-thragh

To illustrate the mechanisms at work we first make a set of lffiying assumptions in Section 4.1 and
derive an analytical solution. Section 4.2 reports resfltsumerical simulations of the unrestricted
model, whose solution together with additional intuitisrpresented in Appendix A. In the following
we draw on this solution for deriving the simplified version.

4.1 Analytical solution for a simple calibration

As a first step, we assume that there is no home bias in housahdlgovernment consumption, such
thata = 0.5. Furthermore, we assume log-utility, i.@.,= 1 and that the elasticity of substitution
between home and foreign traded googisequals unity® This allows us to derive a closed-form
solution. With the solution at hand we first discuss the ptidfallocation outcome and then show
how it relates to the price-setting behavior of firms.

1%The assumption off = 1 implies Cobb-Douglas preferences. In this case, the tefrimae provide a risk-sharing
role, as shown by Cole and Obstfeld (1991), and the assetemnstrkicture 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 requiresveelimcome to move asymmetrically, which might also cause
non-zero asset positions.
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4.1.1 The nominal exchange rate

The money market equilibrium allows to solve for the nomieathange rate. Expressing (16) in
log-linear terms yields

S=(M—-M")— (PC — SP*C*). (26)
In equilibrium the nominal exchange rate will not only becatied by the relative money supplies but
also by the differences in nominal spendirfe¢’ — SP*C*. How this difference reacts to shocks

depends on the amount of assets traded. To see this comsiden the households budget constraint
at home and abroad when only nominal bonds or nominal bordieguities are traded.

4.1.2 Trade in bonds only

Consider first equations (8) and (9), which show that retatieminal spending in the case of trade in
bonds equates to

PC — SP*C* = —2b8 + (REV — SREV*) — (G — G¥). 27)

The financial return to the bond holdingss given by nominal exchange rate movmenty while
relative sales revenues are non-financial income, denoteRlA#y . We defineb = B/(PC), G =
G/C, REV =TI — WL and we have used the fact thag; = B}, for Sy = 1. b is the equilibrium
amount of bonds we are looking for. Given equation (27), weedgress the nominal exchange rate
(26) in the economy with trade in bonds only as

a 1 YV Ve 1 A s

observing thalk BV — SREV* = 0 in our simple model structure. Given the insurance progerti
in the economies with nominal bonds only, the exchange maietansmits two of the three possible
economic disturbances across countries. The impact affdtte shocks is affected by the size of
the equilibrium portfolio holding$. The fact that not all disturbances are transmitted via tminal
exchange rate has direct implications for the price settewsion of the firm. To see this more clearly,
consider the linearized version of the home marginal cespsation (17), and its foreign counterpart
me=M—-A and  mc =M — A%, (29)
respectively. It follows that the covariance between nraxigtosts and the nominal exchange rate can
be written as
- Var(]\?) Var(]\/i*)
C S)=—"7-+ —_
ov(me. S) = 553 1-2b
Note that when nominal bonds are traded only monetary thahaes affect the covariance relation-
ship between marginal costs and the nominal exchange ratee 8ll shocks are uncorrelated, the
variance of the nominal exchange rate equals

and Cov(mc*,S) = — (30)

Var(]\?—k ]\7*) Var(G + G¥)

Var() = (1—20)2 (1—20)2

(31)

with Var(@ + @*) andVar(]\//.T + ]\//.7*) reflecting the sum of domestic and foreign variances of the
government spending and monetary policy shocks. The maimitf the covariance relationship and
the variability of the nominal exchange rate also dependbemrquilibrium bond holding.
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What will be the amount of equilibrium bonddeld within this financial market structure? Consider
the the equilibrium consumption, equation (14), which camstated for fixed home and foreign prices
as

PO P

C=M- S. (32)

Given the equilibrium evolution of the nominal exchanger8) and a value fof*, for which we
solve below, it follows that a positive monetary policy skl,oioe.,]\/i > 0, will increase consumption,
despite the depreciation, which corresponds to an inciefabe nominal exchange raté.In contrast,

a positive disturbance to government spending, > 0, will also cause a depreciation of the
nominal exchange rate but with a simultaneous decline iswoption. A relatively higher domestic
government shock also causes a decline in relative nompaadding, which is determined by (27),
PC—SP*C* = —2b§—(@—(/};). Households can hedge against the risk of a decline in coptsnm

by choosing the appropriate equilibrium bond portfoliorsthat—2b§ > 0 after a positive shock to
G. Foreign bond holdings, i.eb, < 0, are a good hedge against income risk if a higher domestic
government spending causes a depreciation of the nominhhage rate and, hence, a higher return
on foreign bonds. Put differently, the country will receivet financial payments from abroad when
its currency is unexpectedly weak. To obtain the equiliriportfolio choice ofb we follow an
approximation method for computing the equilibrium pditdgositions developed by Devereux and
Sutherland (2011) and take a second-order approximatidimechisset market equilibrium condition
for the home country (10) and its foreign counterpart. THiedketails of the derivations are found in
the appendix. From (A-8), the solution to the equilibriurmbortfolio is then given by

v - VarG+G) (33)
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
positions ensure that the home country will receive net ayeifrom abroad to insure against country
specific shocks. This effect is more pronounced the largethe variances of government spending
relative to those of money supply shocks.
Since the home country decides to hold a larger amount oigior@ssets, i.eb < 0, the covariance
between marginal costs and the nominal exchange rate (3@®enbw in absolute value. From (31)
it follows that the variance of the nominal exchange rateeisrélasing in the home country’s foreign
asset position, i.e., the smallertisThis has direct implications for the home firm’s pricing .
For illustrative purposes we consider a symmetrical egpiiliim where all home and foreign shock
variances are identical and equal unity. The firm’s deciside to either price its exports in its own
or local currency can be written as (see equations 24 and th53@iand 31)

S . 1+ 2b
RNBEVL(S)—CO’U(TI/’L\C,S): i

5 520 (34)

(1 —2b)
Equation (34) shows that the decision of firms to set theiogxprices either in their own currency
(PCP) or in the currency of consumers (LCP) depends on thikeum allocation ofb. For example,
if the equilibrium bond position i& > —1/2, it follows from (34) thatRV? > 0 and firms will decide
to price their export goods in the domestic currency. Howef/é < —1/2, firms will decide to price

170 ensure that consumption increases it needs to be theteedt 0.5, a condition shown below to be satisfied. This
also implies that the exchange rate depreciates after iygosionetary shock in the domestic economy.
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exports in the foreign currency, &2 < 0. Given the symmetric equilibrium with home and
foreign shock variances being unity, the equilibrium bowgifion equal$ = —1/2. This implies
that RN? = 0. Consequently, in the NB economy home firms will be indifférbatween setting
their export prices in PCP or LCP. The same argument apmid¢iset foreign country. Given that
andz* can hence take any value on the continuum between 0 and Irabahility that all firms will

set their prices the same currenéy<z* =0 or 1) is zero. Consequently, there is neither full nor zero
exchange rate pass-through, ites z=23* < 1.12

4.1.3 Trade in bonds and equities

When financial markets become more integrated, househals the possibility to trade not only
nominal bonds internationally but also equities. Sinces¢hassets have a different risk profile, the
two countries exchange assets to smooth fluctuations iviogotson (spending) across different states
of natures.

When both nominal bonds and equities are traded we linetir&zeorresponding periad= 1 budget
constraint for the home country and its foreign counterfd®). Taking country differences yields

20=Dfi_ S —§— (G-C)+

g (o

oc—1

PC — SP*C* = (WL — SW+*L*).  (35)

In equilibrium the return on equitieﬁ — STI*, and labour incomey L — Sﬁ/*\L*, is given by

P DT~ . . 5
fi- st - )[<A_A*>—<M—M*>+Z”s], (36)
and
B JU T T
L — ** = 2 II — STI*) — 2 M — M*) — —G*) -2
WL — SW g |2 (ST =28+ )-(C-G) -2 |,

with (=212 In the following we solve for the equilibrium outcome &fand *. Therefore,
we first lay out the nominal exchange rate. Given the abovatems we can express the nominal
exchange rate (27) in the economy as

5 200D H 1M - M*) + (G - G) +2(¢ — 1)L (A - A%)
5= 20 —2(¢p —1)¢ — 1 ' 37)

Again, the equilibrium outcome of the nominal exchange dapends on the equilibrium portfolio
allocation of bondsh, and equitiesg. Furthermore, in contrast to the economy where only nominal
bonds can be traded, the holding of both, bonds and equitistHe exchange rate transmit all three
economic disturbances across countries. From (29) andit(&f)ows that the covariance between
marginal costs and the nominal exchange rate can now bewes

o 2017+ — 2(p —1)2=L -
Cov(me,S) = "3 1Var(M) T o 1Var(A), (38)

—~ % O o 2(¢_1)UT_1+1 A7k 2(¢_1)UT_1 n
Cov(me*, S) = 2b_2(¢_1)c_1Var(M)+2b_2(¢_1)c_1Var(A ).

2Note that lower values fof = z* imply a lower consumption volatility. This could push firntsat are otherwise
indifferent between pricing strategies towards choosi@g.HAn any case, we obtain at least some pass-through? ke.,
Zr < 1.
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Now, all shocks that affect marginal costs will also be réédan the covariance relationship with
the nominal exchange rate. Thus, the covariance relaijph&tween marginal costs and the nominal
exchange rate is not only affected by monetary disturbamsas economy where only nominal bonds
are traded internationally, but also by productivity steckhe variance of the nominal exchange rate
equals
_ 2(¢ — 1)2=2 + 12Var(M + M*) + Var(G + G*)
vV _ 39
ar() 20— 2(6 — 1) — 1 59
[2(¢ 1)"0 ]ZVar(A + A*)
20— 2(¢ — 1)¢ — 1J?

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 depmn both the equilibrium amount of
bonds and equities held as well as on exchange rate passthviad.

What determines the equilibrium portfolio within this ecomy? From the equilibrium consumption
(32) it follows that in states of nature when the domesticanay is unexpectedly weak, consumption
is low. Households can hedge by choosing a combination ofimedrbond and equity holdings that
stabilizes nominal consumption. For example, a depretiaterency would cause a decline in con-
sumption but would have a favorable impact on the returngoities, (36), since profltﬁ STI* rises

as the nominal exchange rate increases. Thus, if househaldisnainly domestic equities and at the
same time choose a bond allocation that provides net pagnrestates when the domestic currency
is unexpectedly weak (i.eb, < 0), they have created a good hedge, visible in equation (35RirA
following the approximation method for computing the etfibm portfolio positions developed by
Devereux and Sutherland (2011), the solution to the egqjuifito bond position is

NBE _ _Var(@ + a*)[VCLT&A\ —i—:@*) + Q:iz_é*/\ (M + M)
2Var(A+ A*)Var(M + M*)
_Np_ 27— Var(G + G¥)

_l’_

=, 40
2 2Var(A + A¥) (40)
demonstrating that¥ ?F < vV B while the equilibrium equity position turns into
_ 2Var(A+ A*) + -2 Var(G + G*) @)
2Var(A + A¥)

Equations (40) and (41) illustrate that expanding the sétaofable financial assets by equity allows
agents in both countries to hedge more effectively since Imouwseholds can hedge against produc-
tivity disturbances, which is not possible in the NB econesniHouseholds decide to hold a higher
amount of foreign bond assets, i.e.< 0, and a larger amount of domestic equity,> 1. This
ensures them an optimal hedge against fluctuations in spuidie to disturbances in government,
monetary policy and productivity.

In contrast to the NB economy, the equilibrium bond posii®affected by the exchange rate pass-
through. Hence, to specify the equilibrium outcome in theBNEEonomies it is necessary to have a
closer look at the firms’ price-setting decision rules. |ggiB8) and (39), in the symmetric equilibrium
with equal unit shock variances at home and abroad the homs' foricing decision rule (24) can be
expressed as

RNBE _ 20— ¢)C[14+3(0 — 1)L +1+2b[1+3(¢p — 1) =2
- 26— 2(¢ — 1) — 1 -

(42)
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Within the symmetric equilibrium we assess the decisioe RIVPEF betweenz = z* = 0 and

z = z* = 1, i.e., changing the value @f. We show under which conditions of the nominal bond
position the firms’ decision rul® ¥ 5¥ is either positive, negative or zero. The equilibrium eguit
position equalg)=1 + ﬁ% and is independent of the exchange rate pass-thrbutzhcontrast, for
the assumption of symmetric shock variances the equitibbtiond position equates to

2 5
2

pNPE = — (43)

From this equation we can see that foralt* = 0, ..., 1 the nominal bond position will range between
b=—1andb = —1/2. If we plug in all possible values dfinto R'VEE, we can solve this fixed point
problem for allz, given the mark-ug /(o — 1). Martins et al. (1996) find markups ranging between
10 and35 percent, which implies & in the range of around to 10. For mark-ups in this range, it
holds that the pricing decision rueV B < 0 for all 2. Consequently, LCP is the unique equilibrium
in the nominal bond and equity economy ané z* = 1. When moving towards internationally more
integrated financial markets, i.e., moving from the nombwid economy to an economy where both
bonds and equities are traded internationally, the exahaaitg pass-through hence declines in both
countries.

What explains the decline in exchange rate pass-througb thi possibility to hedge more effectively
against country-specific shocks by balancing the optim@irivational cross-country asset holdings
between equity and bond holdings. By trading equities aadditly to bonds, the agents stabilize their
consumption fluctuations. To see this, consider equati8)) {Zhich holds under both financial market
structures. Given the solutions @io< 2V P = 2*NB < 1 and z2VBE = 2*NBE — 1 it follows that only

in the nominal bond economy consumption will be affected bgynimal exchange rate movements.
Then considering the difference between consumption utigetwo financial market structures and
assuming a unitary variance of all home and foreign shodlurdiances, the relative variability of
consumption in the nominal bond economy is higher, since

Var(GNE — GNEE) _ %7

for ¥B = —1/2. Putting it differently, consumption is less volatile unaeore integrated interna-
tional financial markets and, consequently, the more iategdrfinancial markets are, the better can
households hedge against fluctuation in consumption.

The degree of financial market integration also affects #igabior of the nominal exchange rate.
To see this, consider again the solutiong ta*, b and¢ under the two financial market structures.
Assuming a unitary variance of all home and foreign shockudignces, it holds from (28) in the
nominal bond economy tha/(ar(§)NB =1 while in more integrated financial markets the variabil-
ity of the nominal exchange rate is given by (3V)ar(S)VBE = 4/3. It follows that the nominal
exchange rate will be more volatile in integrated financialrkets. Thus, to allow for a more sta-
ble consumption pattern in the NBE economy and a betteratimt of goods across countries, the
nominal exchange rate has to fluctuate more. This is als@madrby the fact, that within more in-
tegrated financial markets the nominal exchange rate istableact to all three relative economic
disturbances, including also stochastic movements imtdoly. This enhances the covariance re-
lationship between the nominal exchange rate and margosas.c Given (30) and (38), it holds that
Couv(ime, S)NBE > Cov(me, S)NB > 0for [4(¢p—1)2=L +1]/ {1+ 2[(¢ — 1)¢ — b]} > 1/(1-2b).

Bvalues of¢ above unity correspond to an increased usage of complexcfaidnstruments, such as derivatives. See
Engel and Matsumoto (2009) for similar outcomes.
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To see this more clearly, considering again the solutions @ad z*, b and ¢ under the two finan-
cial market structures. Then for a unitary variance of alnkoand foreign shocks it follows that
Cov(me, S)NBE = 1, while in less integrated financial marketsu(me, SN2 = 1/2 only. Given
the firm’s pricing decision rule, in the NBE economy the moceeamtuated relationship between the
nominal exchange rate and marginal costs will outweigh fimosing effect of a higher exchange rate
variability. Those aspects will induce firms to switch todbécurrency pricing. This then causes a
decline in exchange rate pass-through when internatiomahdial markets become more integrated.
In the following, we show that the analytical conclusionsttug section generalize to settings with
realistic parameter values. Additionally, we also demmatstthat the debt home bias falls, in line
with empirical evidence in Section 2.

4.2 A more general model structure

In the previous section we concentrated on the model’s nmajpti¢ation within a simplified frame-
work. The results obtained in this setting are, howeverditmmal on the simplifying assumption we
have made with respect to the preference parameters anddtiesshat can hit the two economies. In
this section we relax the above made assumptions about tdelmetructural parameter values and
are more general regarding the volatility of shocks. By nticadly simulating the model for a variety
of parameter values it will be shown that the result of a decih the exchange rate pass-through re-
mains valid within this more realistic setting. Furthermounnder the more general parameterization
we also establish a fall in the home bias of bond portfoliadh@s. The simulations use the solution
of the full model in Appendix A.

We use baseline parameter values, where applicable, frorarBex et al. (2004). In particular, we
set the trade price elasticity between domestically preduand imported goods tp = 1.5. The
coefficient of relative risk aversion is set fo= 1.25.1* Trade openness is calibrated do= 0.88,

the empirical average for the US over recent decades (seer&ndd Muller 2009). The elasticity
of substitution between varieties is setste= 6, corresponding to a steady-state markup of 20%. To
obtain values for the variances of the shocks, we estimatél ABtocesses for the HP-filtered logs
of M2, Government consumption, and Solow residuals for tiseddd use identical values for the
foreign countryt® The resulting variances of the error terms resultip = 0.0043%, aé = aé* =
0.0045%, ando? = 0%. = 0.0041%. The foreign volatility of the money supply is set 10% higher
o2, = 0.0047%, such that firms are not indifferent regarding the pricingeuocy decision in the
bonds-only case. The calibration is summarized in Tablect.al of these volatilities, we conduct
robustness checks further below.

4.2.1 Interaction between portfolio home bias and exchangate pass-through

Before investigating the effects of shifting from a bonadyoeconomy to a world with bond and
equity trade, we first analyze the interdependence of glpass$-through (i.el — (2 + 2*)/2) and
bond and equity portfolios for the general case. Specificale investigate the influence of one
variable on the other by fixing different values for the formaed calculating optimal values for the
latter. The exogenously fixed variable is hence not set @hymallowing us to generate a one-
directional interdependence. The left panel of Figure 3wshihis interaction for the bonds-only case.
The red dashed line depicts the dependendearf the value of the global pass-through (treated as

1Results are robust to changing these parameters. In gartialso very low values of the trade-price elasticity, as
reported in Corsetti et al. (2008) and Enders and MulleB®0do not change the conclusions.
15See Appendix C for data sources.
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Parameter Value Source

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

o2, .0043% US data

o? .0041% US data

o2, .0045% US data

o2, 10043% x 1.1 Symmetry

0%, .0041% Symmetry

ok, .0045% Symmetry

Table 4: Baseline parameter values for the numerical stioalaf the model.

exogenously), while the blue solid line plots the resultpags-through if we assume that the debt
home bias is exogenous. Technically, we replace equatit@)saqd (25) with exogenous values for
andz* in the first case, and equation (A-8) by exogenous valuésnathe second case. When varying
global pass-through, we startat= z* = 0 and let firstz increase to unity, after whick® rises from
zero to one. In the case of an exogenouslybsete observe thai = z* = 1 for low starting value of

b. An increasing (falling debt home bias) lets fall to zero, i.e., home switches from LCP to PCP.
For intermediate values &f this remains an equilibrium. Further raisibdeads to a fallingg*, until

the foreign country has switched to PCP too. As visible, bios are increasing functions of their
respective arguments. We obtain a unique solution at thigrdection (in this case at a pass-through
of 0.5). Also visible is a stronger dependency of the passdtifh on the home bias of bond holdings,
while the reverse dependence is fairly limited. Specificdtie pass-through changes from absent
to complete, depending on the portfolio choice. The debtdbras, in turn, does not reverse sign,
independently of the prevailing pass-through. We conctbdefinancial markets matter quantitatively
and qualitatively more for pass-through than vice verseestigating the trade channel of exchange-
rate movements without simultaneously considering thent@i@d channel thus risks neglecting an
important determinant for the former.

Figures 3 (right panel) and Figure 4 depict the same intenoidgncies for the case of financial in-
tegration, i.e., trade in bonds and equities. For thesesplxjuations (24), (25) and (A-18) were
replaced by exogenous valueszoE*, b, and¢. As the global pass-through now depends on the home
bias in bonds and in equities, Figure 4 is three-dimensidd@tause there are unique mappings from
pass-through to optimal asset home biases in bonds (blicelsa in the right panel of Figure 3)
and equities (red dashed line), and a unique mapping fromm eambination of these parameter to
pass-through (Figure 4), we again obtain a unique solutidimesr mutual intersection.

Regarding the pricing-decisions of firms, the same pattebave is visible. Increasing the value of
b induces first the home country to switch from LCP to PCP, fe#ld by a small region of constant
Z and z*. Finally, the foreign country also charges according to RCPrises further. Regarding
the reaction to a changing, the pattern is quite different. For a given intermediatieieaf b, a low
level of ¢ lets both producers follow PCP rules. For increasing vahies the optimalz™ rises first.
However, some domestic firms switch to LCP already beforfoedign firms have done so. Itis also
domestic firms that are first to go back to PCP for even highleleseof ¢, followed by their foreign
counterparts once all home firms use LCP. Furthermore, weal@m similar conclusions as in the
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Figure 3: Left: dependence of global pass-through on debt home biae éwlid line) and vice versa (red
dashed line) in bonds-only case. Right: dependence of debelbias (blue solid line) and equity home bias
(red dashed line) on global pass-through in bonds and ecagy.

bonds-only case. Financial markets, both in terms of homag ibibonds and in equity, matter highly

for pass-through. The reverse is not true, according toreiguright panel). While the home bias

in bonds varies but stays negative if global pass-througimgbs from zero to one, the home bias in
equity is independent of the level of pass-through. Henassfhrough has only a limited feedback
to financial markets. To conclude, when investigating aeiteants of pass-through, financial markets
are crucial.

4.2.2 Effects of financial integration

Table 5 displays the change in the home bias of debt holdingsnvegwitching from a bonds-only
economy to international financial markets with bonds andtgdfor different values of the key pa-
rameters of the model. The change in debt home bias corrésgoh™ BX — pNB asb denotes the
amount of net debt held in domestic currency. As visible ré@sonable ranges of parameter values,
the home bias of debt holdings declines after an increas@amdial market integration, as empiri-
cally found in Section 2. When moving towards trade in bonad @quity, agents can make better
use of both instrument to hedge against specific shocks.rticylar, equity holdings can be used to
hedge against monetary shocks. Since government sperftbofgssdepreciate the exchange rate—in
line with evidence in Enders et al. (2011)—and reduce copsiom at the same time, increased debt
holdings in foreign currency are a good specific hedge. Anfaltiebt home bias results. Put differ-
ently, trading equity across countries frees debt from sofrts burden to hedge against all shocks
present in the economy, and reduces therefore its share ioptimal country portfolio.  Similarly,
the global exchange rate pass-through for all shown cortibirgafalls by 0.5. This results from the
fact that one country always switches from PCP to LCP. Asudised above, trade in equities links
developments in total-factor productivity to the excharate via financial payments that depend on
technology, increasing the correlation between margiosiscand the exchange rate. Hence, firms are
induced to switch to local-currency pricing (see also Deugret al., 2004).

The upper-left panel of Table 5 reports the change in the defite bias for different values of the
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Figure 4: Bonds and equity case: dependence of global pass-throegtical axis) on home bias in equity
(left axis) and debt (right axis).

volatilities of the shocks to the money supplies. The upjgdtt panel shows the same statistic for
different values of the variances of technology shocks]eninithe lower-left panel the variances of

government expenditure are altered. Finally, in lowehtriganel of Table 5 we change the volatility

of money shocks, set to the same value in both countries,emfshdlogy shocks, also equal across
countries.

Summarizing the information of the tables, increased firgmutegration leads to reductions in pass-
through and debt home bias, independently of plausiblenpeter constellations. We see this in

line with empirical evidence, and therefore as an imporéxplanation for the falling exchange rate

pass-through.

5 Conclusion

In this paper we have put forward a new explanation for théireem exchange rate pass-through into
import prices. Crucial for our theoretical model is the iropaf financial globalization, modeled as an
increase in the number and nature of tradable financialsassethe pricing decision of firms. In the
model, we take the mutual interaction between the optimefgm and the choice of the invoicing
currency into account. The main impact of financial glotalan on pass-through works via the
reaction of the optimal portfolio, which features more fgredebt assets following the increased
availability of international equity. This represents tedging possibilities that equity takes over
from debt. As a reaction to the better hedging opportunitiggimal pass-through falls. We also
present empirical evidence supporting the negative effiegtoss equity holdings on the home bias of
international debt assets. An important policy implicatamncerns the design of monetary unions: if
preceded by financial integration, the effect of the nomixahange rate on relative prices is reduced
because of the reduced exchange rate pass-trough. Moviagd® abolishing the nominal exchange
rate altogether is therefore likely to have smaller reakegpiences.
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2 2
o °M*| 035 043 050 057 0.64 0.71 o2 941 0.27 032 0.38 043 0.49 054
0.32 -0.07 -0.07 -0.08 -0.08 -0.08 -0.08 0.27 -0.13 -0.11 -0.10 -0.09 -0.09 -0.08
0.39 -0.07 -0.08 -0.08 -0.08 -0.08 -0.09 0.32 -0.11 -0.10 -0.09 -0.09 -0.08 -0.07
0.45 -0.08 -0.08 -0.08 -0.08 -0.09 -0.09 0.38 -0.10 -0.09 -0.09 -0.08 -0.07 -0.07
0.52 20.08 -0.08 -0.08 -0.09 -0.09 -0.09 0.43 20.09 -0.09 -0.08 -0.07 -0.07 -0.06
0.58 20.08 -0.08 -0.09 -0.09 -0.09 -0.09 0.49 20.09 -0.08 -0.07 -0.07 -0.06 -0.06
0.64 20.08 -0.09 -0.09 -0.09 -0.09 -0.09 054 20.08 -0.07 -0.07 -0.06 -0.06 -0.05

2 2
”2 9G*1 039 047 055 062 0.70 0.78 2 944" 040 049 057 0.65 0.73 0.81
0.39 -0.03 -0.04 -0.04 -0.05 -0.06 -0.06 0.48 0.11 -0.09 -0.07 -0.06 -0.05 -0.04
0.47 -0.04 -0.04 -0.05 -0.06 -0.06 -0.06 0.58 0.11 -0.09 -0.07 -0.06 -0.05 -0.04
0.55 -0.04 -0.05 -0.06 -0.06 -0.06 -0.07 0.68 0.11 -0.09 -0.07 -0.06 -0.05 -0.04
0.62 -0.05 -0.06 -0.06 -0.06 -0.07 -0.07 0.77 0.11 -0.09 -0.07 -0.06 -0.05 -0.04
0.70 20.06 -0.06 -0.06 -0.07 -0.07 -0.080.87 0.11 -0.09 -0.07 -0.06 -0.05 -0.04
0.78 20.06 -0.06 -0.07 -0.07 -0.08 -0.080.97 0.11 -0.09 -0.07 -0.06 -0.05 -0.04

Table 5:Changes in debt home biag'®Z — bV 5B) for varyingo2, ando?,. (upper left),0% ando?. (upper
right), o2 ando?. (lower left) oro%,&a%,. ando? &a%. (lower right) due to financial integration. All stated
variances are divided by0*.
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Appendix

A Equilibrium of the full model

In this section we derive the optimal portfolio solutionsdenthe different degrees of international
financial market integration for unrestricted parametéuesmand 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*)
ptA-p0-a)2-2-2) pt(A-pl-a)2-2-2)
The equilibrium nominal exchange rate will not only be aftetby the relative money supplies but

also via the differences in nominal spendidy,’ — SP*C*, and by the amount of assets traded, as
will be now shown.

S = (A-1)

A.1 Trade in bonds only

We follow an approximation method for computing equililbniyortfolio positions developed by De-
vereux and Sutherland (2011) and take a second-order appaion of the asset market equilibrium
condition for the home country (10) and its foreign counderpT he differences of these two equations
lead to the following arbitrage condition

Cov(—8, PC — SP*C*) = Lp"cou(—ﬁ Q), (A-2)

which relates the covariance between excess returns orsticmeminal bonds (glven by nommal ex-
change rate deV|at|on$?,Fm = S) and relative nominal consumption expendlturBS} SP*C‘*

to the covariance between excess returns on nominal boddbs@aneal exchange ral@, = SP*—P.
Linearizing the period=1 budget constraints for the home and foreign country (9) akith¢y coun-

try differences, we get an expression for relative nomioalstimption expenditures. In doing so we
take the government budget constraints into consideratimhassume that government expenditures
are equal to zero in the deterministic steady state. Thavelaudget constraint equals

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

where we have used the fact thal; = B for Sy = 1. B is the equilibrium amount of bonds
we are looking for. Relative sales revenues will be definethasnon-financial returnRNo" =
REV — SREV*.

Optimal nominal bond portfolio  Plugging (A-3) into the asset market arbitrage conditior2{A
and rearranging terms we get

_1(1-pCoo(RE\.Q)  Cov(RP, RY) | Cov(RE,,. G —G)
2 p Var(S) Var(S) Var(S) '
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This expression states that the optimal equilibrium bonidihgs b depend on three components:
the covariance between relative nominal bond returns the.nominal exchange rate) and the real
exchange rate, the covariance between the nominal exchategend relative sale revenues as well as
the covariance between the nominal exchange rate andrestgivernment expenditures, all weighted
by the variance of relative nominal bond returns, i.e., theimal exchange rate.
By making an optimal portfolio choice, the representativeisehold wants to hedge its marginal
utility of consumption. A risk averse household & 1) hedges consumption risks stemming from
variations in her purchasing power, reflected by movemerttss real exchange rate. Domestic bonds
are a good hedge against this risk if domestic bond retumbigh whenever the domestic price level
is high. In the case op = 1, a unit increase in real returns of bond assets (domestiorergh)
decreases marginal utility of consumption by one unit, silnett bond asset gains evaluated at the
marginal utility of consumption vanish and the covarianeéaeen relative nominal returns and the
real exchange rate becomes irrelevant for the portfoliacehdecision.
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 higinexer domestic revenues are low. For
example, an appreciation of the nominal exchange rate sduggh, a fall in domestic revenues from
foreign sales and a higher relative domestic bond returms€guently, holding a higher amount of
domestic bonds allows to hedge the nominal revenue risk.efdavent expenditures are fully paid
by the seignorage and lump-sum taxes which reduce nomigpbsiible income. Domestic bonds
are a good hedge against taxation risk if domestic bondnetare high whenever the income risk
associated with government expenditure is high. Sincergavent spending shocks let the exchange
rate depreciate, holding foreign bonds can at least pdifdgtothis 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 exogenolis;r;, — 2bR%, , such that relative domestic bond returns
are

REy = —O%/(M — M) + OFc(Expin + RY) — 050(G - G), (A-4)
where the coefﬁment@ e and@ are given in Appendix B, Table B-1. Furthermore, non-finahci
income can be written as

Non —~ Non — RNon o~

RYgm = O35 Brpy, + 0y (M — M) + 047" (G — %), (A-5)

Non Non n
where the structural paramet@“" 0,/ ot ando,, Ry are provided in Table B-1. Combining

(A-4) and (A-5) we get
RE; = RiExpin + Ro[(M — M"), (G - G)Y, (A-6)

RNon

Non
whereR; = 03 (1 + @25;) is ascalar an®, = [— (03 — 02,0, Fm) —O2(1—0, )] is
al x 2 vector. Now we can write the relative discount factor as

—p(PC — SP*C*) + (1 — p) Q = D1 Ex s, + Do[(M — M*), (G — G*)]., (A-7)

with D; = —08.(1+ 6 Fm ) being a scalar ani), = [0} — @IQC(%]}\Z%?, eb.1-6 gﬁ?)] a
1 x 2 vector of combmatlons of structural parametéx§ and©%,., shown in Table B-1.

Given (A-6) and (A-7), the arbitrage condition (A-2) can betten asRXD’ = 0, whereR =
R.iH + Ry, H = 2b(1 — 2bR;) 'Ry, andD = D;H + D, arel x 2 vectors. ¥ is the2 x 2
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covariance matrix of the exogenous disturbances. Evergththe economies are hit by monetary
policy, demand and productivity shocks, only the first twe arsured via bond holding in the NB
economies. Thus households cannot insure themselvesagaative productivity movements across
countries. Solving fob yields

1

b
2

{ [RoSD)R), — D;RySR)] RQED’Q} . (A-8)
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

o (1 pOL0) (M - M*) + pOEC(@ - &

ptA—p(I-a)2-z-2)

with ©F¢ and©Z¢ provided in Table B-1. Given the insurance properties inNBeeconomies, the
exchange rate only transmits two of the three possible enandisturbances across countries. The
impact effect of the shocks is affected by the size of theligiwim portfolio holding ofb since@ﬁc
and©ZLC depend on the size of The fact that not all disturbances are transmitted via thminal
exchange rate has direct implications for the price-sgtiiecision of the firms since it directly affects
the covariance relationship between the nominal exchastgeand marginal costs of the firm. To see

this more clearly, consider the log-linearized versionh&f home marginal costs, equation (17), and
its foreign counterpart

— ~

me=M—-A and  mct = M*— A%, (A-10)

respectively, given equation (14). From (A-9) and (A-10fallows that the covariance between
marginal costs and the nominal exchange rate can be writen a

& (1 — p@ﬂc) —
Cov(me,S) = PR S ¥ W -y Var(M), (A-11)
(1= rOir)

Cov(me, S) Var(M*), (A-12)

- pl-a@-z-7)

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, however, will depend on the equilibrium bdwddingss. Since all shocks are uncorre-

lated, the variance of the nominal exchange rate equals

(1- p@ﬁc)2 Var(]\?—k ]\7*) + (p@gc)2Var(CA¥ +GY)
[+ (L =p)(1—a)2—2—2)

with Var(G+G*) andVar(M + M*) reflecting the sum of the variances of the government spgndin
and monetary policy shocks at home and abroad.

Var(g) = , (A-13)

A.2 Trade in bonds and equities

Additional to the asset market equilibrium condition fonbls, equation (A-2), we also take a second-
order approximation of the home Euler equity equation (1) its foreign counterpart to obtain

~ —_— — 1 —_ ~ —_— o~
Cov(Il — STI*, PC — SP*C*) = TPCOU(H — STI*, ). (A-14)
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As for bonds, we linearize the perigd= 1 budget constraint for the home country and its foreign
counterpart, (12). Taking country differences yields

PC— 5P = P22V fi _ GT5) 4 wRE, — (G — &)+ T2 L (VL — SO,

g 2

—

Taking into account thak%, = L (Il — STI*) and RNo" = 2=1 (W L — SW*L*), we can rewrite the
last equation as

PC — SP*C* = (2¢ — 1)RE,, + 2bRE,, — (G — G*) + RN, (A-15)

Optimal bond and equity portfolio From the expressions above it follows that non-financial re-
turns RN2™ are now determined by the relative labor incomes of housishdBiven that both bonds
and equity are traded, the equilibrium bond position wilvrepend also on the covariance between
the relative returns from equity and bond holdings as wethasquilibrium equity holdings. Follow-
ing the above solution approach, non financial income equals

Non —~ Non .~ Non — RNon

RN = Ot Bxpin — O4F " (A~ A7)+ OF " (M~ M*) — 057" (G~ G*),  (A-16)

—~ Non Non Non
With Bx g = [20, (26 — 1)] [RE,,,, RE, ' and@f | o/ ofF™ ande7™ defined in the
appendix, Table B-2. The structural parametefs, and@fvj are also shown in Table B-2. Financial

returns can be written as
[RE, REin) = RaExpin + Ro[(A — A%), (M — M*), (G - G"),

with Ry = [03,(1 +© RS, —(OFE" + 0ErmeR)(1+ 6, Fm )] andR; being a3x2 matrix,

Frpin
containing the additional structural parameterss and @?Fm, given in Table B-2. Finally, the
relative discount factor equals

—p(PC — SP*C*) + (1 — p) Q = D1Expin + Dof(A — A7), (M — M*),(G - G*)]', (A-17)

with Dy = ~68,(1+ O ) being a scalar anB, = (08,017, 00, — 02,017 08, (1+

Non
@2“" )] a1 x 3 vector of combinations of the structural parameters, wigjeand©?%,. are defined
in Table B-2. Equations (A-16)-(A-17) allow to write the gtibn to the bond and equity holding in
the NBE economy as

[26 (26 —1) |' = [R.SD4R); — D1RoERS] ™' RoXDY, (A-18)

Nominal exchange rate in the NBE economy Given the solution to nominal bonds and equity
holdings, the nominal exchange rate in equation (A-1) exjual

pORC(A — A1) + (1 pOff) (M — M) + pOF(G - G)
prA—pA—a)2—z—2) ’

with ©4¢, ©4¢ ande L displayed in Table B-2. In contrast to the NB economy, the NB&nomy
allows the exchange rate to transmit all three economiadiahces across countries. Again, the
equilibrium outcome of the nominal exchange rate dependl@equilibrium portfolio allocation of

S = (A-19)
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bonds,b, and equitiesp. From (A-10) and (A-19) it follows that the covariance beémemarginal
costs and the nominal exchange rate in the NBE economiesecamitten as

ov(me. §) — (1 - p@JI;IC) VCLT‘(]\/Z) +p®icVar(ﬁ)
(1= pOIfF) Var(M*) + pOkCVar(4*)
p+(1—p)(L—a)2—2—2%)

Now, all shocks that affect marginal costs will also impdw hominal exchange rate. Thus, the
covariance relationship between marginal costs and thémabraxchange rate is not only affected
by monetary disturbances, as in the NB economy, but also dgugtivity disturbances. The sign of
this covariance relationship, however, will depend on theilibrium bond holdingb as well as the
equilibrium equity positiorp. Since all shocks are uncorrelated, the variance of themalrakchange
rate in the NBE economy equals

Cov(mc*,8) = —

(1 pOhO) 2 Var(M + M*) + (p05C)*Var(G + G¥)
(p+ 1 =p)(1—a)2—z-2))>
(p@ic)2 Var(A\ + A\*)
(p+(1—p)(1—a)2-2-2%))"

Var(5) =

B Coefficients of the full model
B.1 Trade in bonds only

Table B-1 provides the coefficients used when assessingtheal bonds economies.

B.2 Trade in bonds and equities

The matrixRs is given by

Non Non /
S RFi7L RFi7L RFi7L S RFZ o—1
—OpcO0,, N (Opc" +O057"0p)0 1 + %5 N
= S S Rpiy RrinS Rpin RrinS Rpiy
R, —ON +OpcOy ™, OOy — (Opc" + 05" Opc)O)

RN:{!ZL R in R in RNzor’;L —

o
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s 5
Opc= 1Oy

Oy = [+1-p(l-a)2-2-2)"
@Rggy _ _ 1-2a-2(1-n)(1-a)a(2-5-2")0F
Expin 2(1—a)—2(1-n)(1—a)a(2—2—2*)03
@Rg;;y _ 2(1-n)(1—a)a(2—2—2*)OF
M 2(1—a)—2(1-n)(1—a)a(2—2—3*)0% 4
@Rggy _ 1—2a—2(1-n)(1—a)a(2—2—2*)03 ,—1+2a
G 2(1—a)—2(1-n)(1—a)a(2—2—2*)03
o= (1-pll-(1-a)2-2-2) 6y
Opc = +(1-p)l-(1-a)(2-2-2)]0}7
PC P p a zZ—z PC

oPC —  ___ Oqlb(-n(-aja@2-z-2")]
M S

@PC _ 2(1—a)
G 2(1—a)—[2b+(1-n)(1—a)a(2—2—2%)]|O3 -

Table B-1:Structural coefficients of the NB economies.

Table B-2 provides the coefficients used when assessingthéal bonds and equity economies.
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@Rggg 2 2a-14p—{p—(1-a)[F+5*+(2—2-2%)(2a(1-1)—14+p)|}OF - }

Expin 1-22{2a—1+p—{p—(1—a)[z+2*+(2—2—2*)(2a(1-1)—1+p)|}©3 - }
RN/un o _ . B o
O, = [m—{2a—1—|—p—{p—(1—a)[z—|—z +2-2-2%)2a(1—n)—14+p)]} O C}]
QfFm _ T {p—(1-a) 242"+ (2-2-2") (2a(1-n)—(1-p))|}Ofy
M =7 20 (1=p)~{p=(1-a) 42+ (2-2—2") 2a(1-n)~1+p)]} €5 }
@Rggg _ =L p—{p—(1—a)[z+2*+(2—2—2") (2a(1-1)—14p)]}OF . }
G 1= 71— (1—p)—{p-(1—a)Z+2"+ (2-2—2") 2a(1-1)~1+9) ]} O3 |
@ﬁg" = [1-2a+(c—1)plo!

Ofrin = Jo-1){1-a)f+2—2-2-2)(1—p—2a(1 7)) —p} —
250 (1—a)(1—n)(2—7—3) o

QPC — 2(1—¢) 2t
{1 (26— 1) (@ﬁgm + @ﬁF'L‘vL@]S_-,C) — 2605, — 2=L (20— (1 - p)) +
UT_l{p—(l—a)[i—l—i*—l—Q—é—z )(2&(1—17)—1—1—/) }@ C}

{S p-(1-a) 545" +(2-5-2) 2a(1-n)~(1-p)) ]} -(1-2¢)0 i ~2p L ©F,

@PC —
M {14+ @o-1) (6" +0Fr6f.) — 205 — =L (20— 1+ p) +
UT—l{p—(1—a)[2+5*+(2—2—5*)(2a(1—n)—1+p 1N} 0%}
(1-2¢)1=2¢—2-1(1—2q)—1
0Lk =

{1+ @0 - )(@RF”L—i—@gF”@%C)—2b@§c—a—_1(2a—1+ p)+
Zlip—(1-a)[f+7+(2-2-2)(2a(l—n) — 14 p)]} O}

Table B-2:Structural coefficients of the NBE economies.

C Data appendix

C.1 Data sources

We use the below variables from the following, freely acitdesdata sets:

e Lane and Shambaugh (2010): debt assets in domestic cu¥entDP, 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 elimingtoutliers, see Section C.2).

e The updated and extended version of the data set constrbgtécine and Milesi-Ferretti
(2007): GDP (US$), 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@etA) for the same countries as in Lane
and Shambaugh (2010).
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Table C-1: Summary statistics of variables used in Section 2

count mean Var min max

dhb/gdp 1414 2810305 .1478164 -1.045913 2.478

dhb/debt 1414 3030157 .2434276 -3.608123 3.309734
(Eq. & FDI)/GDP 1421 .2950106 .0652062 .0049113 1.360516
NFA/GDP 1421 -.4650004 .1725927 -2.334387 .8420662
log(Gross Debt) 1421 .7903121 .1686557 .1549832 2.377564
Chinn-Ito 1396 .122579 2.15684 -1.85564 2.45573
Openness 1382 .7002915 .1472087 .1389551 3.49803
Net Exp. 1382 -.0362516 .0118674 -.7324887 .5517565
log(GDP/Pop.) 1421 7.539978 2.297052 4.277153 10.65228
log(Pop.) 1421 2.643276 2.24053 -1.367304 7.170544
Inflation Vol. 889  .01163 .0098052 1.60e-06 2.52893
Exch. Rate Vol. 637 .4034161 16.07405 .0000324 81.6258
PCP 88  .1886023 .0415163 0 626

PCP+VCP 1421 1033797 .0827035 0 9958

¢ International Financial Statistics from the IMF: exporfgoods and services, imports of goods
and services (both in national currencies), official or readxchange 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 &bvernment final con-
sumption expenditure, volume; GDPV: Gross domestic produaiume, market prices; ET:
Total employment from 1970Q1 until 2012Q4, all for the c#dtion of the shock variances.

e Kamps (2006): percentage of export and import goods priecdwime currency, see her Table
Al.

The time period for our regressions in Tables 1 and 2, 1992+28 dictated by the length of the series
in Lane and Shambaugh (2010).

C.2 Data selection

The financial variables (sum of portfolio equity and FDI @asg®us liabilities over GDP, net foreign
assets over GDP, total debt over GDP) feature some outlitiesse are mainly financial centers such
as Hong Kong, Switzerland etc. and some developing cognirin extraordinary large and negative
net foreign assets. As large parts of the financial centesseta do most likely not represent asset
holdings of their own inhabitants (as assumed in our modle€y are not subject of our analysis.
In developing countries with large debt, the currency dguosition of net foreign asset reflects most
probably choices taken by donor countries instead of opfimidfolio decisions of inhabitants. Using
different ways to remove outliers, however, give similasules. We use the multivariate technique to
detect outliers proposed in Hadi (1992, 1994) with a sigaifce level of 0.05 (the results are robust to
changes in this value, where higher values tend to strengtieeresults). Removing observations that
are outside of three standard deviations of the final sangpléh&se variables results in very similar
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estimates. Similarly, manually removing only the largesaifficial centers (here defined as having
values for our financial integration variable plus grosstaeler GDP of 7.8 or above, corresponding
to the average value for Singapore, Hong Kong, and Switzé)leggives an impact of equity and FDI
trade on debt home bias over GDP of -0.21 (significant at thdeéd®) and of -0.13 on the share
of producer-currency pricing (also significant at the 5%elevboth resulting from the fixed effects
regressions including all controls displayed in the tablieSection 2.

Table C-1 summarizes the variables used in the regressidadtion 2, while Table C-2 shows their
correlations. Table C-3 displays the countries which weieziu

dhb/gdp dhb/debt Eq & FDI NFA  GD

Cl

Open.

NX gdp/pop pop IFV ERWCP

dhb/gdp 1

dhb/debt  0.775 1
Eq&FDI -0.177 -0.207
NFA -0.842 -0.595
GD 0.559 0.205
Cl -0.291 -0.267
Open. -0.0458 -0.180
NX -0.251 -0.235
gdp/pop  -0.476 -0.396
pop -0.109 0.0456
IFV -0.0157 0.00386
ERV 0.214 0.0927
PCP -0.625 -0.632
PCP+VCP -0.172 -0.108

1
-0.146
0.132
0.343
0.270
0.220
0.396
-0.145
-0.0240
-0.0340
0.452
0.106

1
-0.570 1
0.220 0.143 1
-0.162 0.135 -0.0557
0.233 -0.138 0.0314
0.448 -0.0596 0.563
0.196 -0.161 -0.120

1
0.104 1
0.0278 10.391
-0.378 0.100991 1

0.0183 -0.0215 0.00889 -0.8609.0281 0.0363 -0.0305 1

-0.197 0.157 0.0546
0.408 0.660 0.578
0.0939 -0.0522 0.137

-0.0121 -0.4®O833 -0.0254 0.612 1
-0.515 -0.182 60.800321 -0.207 -0.354 1
0.103 36.09.240 0.0898 0.148 -0.0239 -0.45¢&

Table C-2: Correlations of variables used in Section 2.
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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

Dominican Republic Nepal

El Salvador Pakistan
Guatemala Philippines
Haiti Thailand
Honduras Vietham
Mexico Algeria
Nicaragua Botswana
Paraguay Cameroon
Peru Chad
Uruguay
Venezuela, Rep. Bol. Benin
Jamaica

Trinidad and Tobago Ethiopia
Iran, Islamic Republic of Gabon

Israel Ghana
Jordan Guinea
Oman Cote d’lvoire
Syrian Arab Republic  Kenya
Egypt Madagascar
Yemen, Republic of Malawi
Bangladesh Mali
Cambodia Morocco
Sri Lanka Mozambique
India Niger
Indonesia Nigeria
Korea Rwanda
Malaysia Senegal
Tanzania
Togo

Tunisia
Uganda
Burkina Faso

Fiji
Papua New Guinea
Armenia

Azerbaijan

Belarus

Congo, Republic of Albania

Georgia

Equatorial Guinea 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

Table C-3: Countries used in the regressions in Section 2intdies for which data on the pricing
currency of exports is available and which were hence usdteimegressions of Table 3 are written

in italics.
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