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Abstract

This paper provides an explanation for the observed decline of the exchange rate pass-through
into import prices by modeling the effects of financial market integration on the optimal choice
of the pricing currency in the context of rigid nominal goods prices. Contrary to previous
literature, we take the interdependence of this decision with the optimal portfolio choice of
internationally traded financial assets explicitly into account. In particular, price setters move
towards more local-currency pricing and portfolios include more foreign debt assets following
increased financial integration. Both predictions are in line with novel empirical evidence.
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1 Introduction

Exchange-rate movements play an important role for econdmielopments, mainly via their impact
on international trade and on the valuation of cross-boadset positions. Key variables for both
channels, trade and financial, have changed significandy cent decades, with the decline in the
exchange rate pass-through being the most prominent @tigenfor the trade channél.Previous
literature has investigated these two channels separaidyargue that this masks an important part
of the picture and take their interdependence explicittp imccount. We find theoretically that the
composition of international financial portfolios has ety bearing on the value of the exchange rate
pass-through, which allows us to explain the observed medif the latter over time. Specifically, we
demonstrate that international financial integration, sneed by the number and nature of available
assets, affects the optimal international portfolio of é®rand equities, which in turn influences the
exchange rate pass-through strongly. We present suppartivel empirical observations showing
that an increase in equity trade is associated with a detlim®mestic relative to foreign net debt
positions (that is, a tendency to hold more debt assets deated in foreign currency) and a falling
degree of exchange rate pass-through, as predicted by ttiel fno

Over the last two decades, an unparalleled expansion i taade has taken place. The left panel
of Figure 1 shows the sum of portfolio equity assets andlitas 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(8907), over the time period 1990 to
2004 for a broad set of countriésAs visible, trade of equity has grown impressively relative
GDP post 1987, the start of the “financial globalization péti(see Kose et al., 2006), as well as
relative to total debt assets and liabilities, pictured ty black dashed line in the same pahet

the same time, holdings of net debt positions in domestativel to foreign currencies have declined
internationally. In the right panel of Figure 1, we plot nebtlin domestic currency less net debt in
foreign currencies over GDP (blue solid line) and over tdeit assets and liabilities (black dashed
line), for the same country group as above. The empiricalende shows a trend towards holding
debt assets (such as bonds) in foreign currency, such thastiw agents benefit from a depreciation
of their own currency.

'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. R@2), Marazzi et al. (2005), the International Monetary
Fund (2005), and Gust et al. (2010) have established sineiaiits concentrating on the US, while Otani et al. (2008)wdr
corresponding conclusion for Japan. The study of crosstepirade between EMU and non-EMU countries by Campa
et al. (2005) also suggests a decline in the exchange rasetipasigh in a majority of countries. di Mauro et al. (2008)
support this finding for the euro area with data up to 2007|enthie European Central Bank (2013) obtains a declining-pass
through for both import prices and inflation starting in 128@ ending in 2016. Sekine (2006) reports a substantiaingecl
of pass-through into import and consumer prices for a nunobedvanced economies. Furthermore, the International
Monetary Fund (2006b) shows a considerable fall of passitiir into import prices for Canada, France, Germany, Italy,
Japan, the UK, and the US from the period 1975-89 to 1990-2BG#hkel et al. (2005) and the International Monetary Fund
(2006a) document a particular strong decline for emergoapemies. See also Taylor (2000) and Campa and Goldberg
(2002).

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

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

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

SSimilarly, Bertaut and Griever (2004) document an incréaske portfolio weights of foreign long-term debt between
1997 until 2001 for Australia, Denmark, the Euro Area, thetethKingdom, and Sweden.



0.05

-0.05

-0.1r

-0.15¢

0.2 . . . . . . 02 . . . . . .
1990 1992 1994 1996 1998 2000 2002 2004 1990 1992 1994 1996 1998 2000 2002 2004

Figure 1:Sum of portfolio equity and FDI assets and liabilities ov&®S(left, blue solid line) and divided by
sum of debt assets and liabilities (left, black dashed jiaedrage net debt in domestic currency minus net debt
in foreign currencies over GDP (right, blue solid line) anddked by sum of debt assets and liabilities (right,
black dashed line) in percentage points. Country sample:Table B-1. Sources: Lane and Milesi-Ferretti
(2007) and Lane and Shambaugh (2010).

To explain the shifts in the international portfolio compios and the falling exchange rate pass-
through simultaneously, we develop a two-country stodhagneral equilibrium model of optimal
portfolio choice and endogenous pricing currencies in twhi® analyze the relationship between
the exchange rate pass-through and international finaintégjration in detail. In particular, starting
from a world with trade in nominal bonds only, we add the paitigy of trade in equity, representing
increased international financial market integrafiadouseholds make use of the available financial
instruments to hedge against consumption fluctuations.dderyeven with trade in bonds and equity
perfect risk sharing cannot be obtained, as the economuyrésatiomestic and foreign supply, de-
mand, and monetary policy disturbances. We hence remaleiodntext of incomplete international
financial marketg. Efficient risk sharing would require a proportionally higtnsumption differential
(home relative to foreign) whenever the real exchange satkepreciated (Backus and Smith, 1993).
Government spending shocks, however, induce the oppasitelation: they reduce relative consump-
tion and depreciate the exchange fatdouseholds can, at least partially, hedge against this édnd
consumption risk by holding foreign bonds. The deprecmtiwreases their return in times of high
taxation, bringing the economies closer to efficient risérsty. Yet, households hold only modest
amounts of foreign bonds, as they carry a disadvantagenmioiippmonetary disturbances: consump-
tion now falls more than required by efficient risk sharinggg& monetary contraction, which triggers
an appreciation and hence lower income from the foreign lpmsition. Regarding price setting in
the scenario with trade in bonds only, we find that it is optifoaexporters of both countries to price
in the currency of the country with the lower volatility of metary shocks, see also Devereux et al.
(2004). An intermediate value of exchange rate pass-throbtains.

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

"Bacchetta and van Wincoop (2005) consider a complete maektting only, while Devereux and Engel (2001) focus
on the extreme cases of no or a complete set of internatjoimatied financial assets. Both studies consider only moneta
shocks as a source of uncertainty, as do Devereux et al. Y2D@he of them endogenizes the currency decomposition of
international financial assets.

8The theoretical predictions for the reaction of the reahexgye rate to government spending, technology, and mgnetar
shocks are in line with empirical evidence, see among oti@ossetti et al. (2008), Enders and Miller (2009), Endéeed.e
(2011), and Corsetti et al. (2014).



Introducing the possibility of equity trade broadens thedieg possibilities for households. In partic-
ular, as monetary shocks affect profits and hence equitysffdrade in equity allows households to
counteract the deviations from efficient risk sharing irethby those shocks. This frees bonds from
the burden to balance the effects of both shocks, such theseholds hold even more foreign bonds
to hedge specifically against government spending shibake. empirically confirm the correlation
between equity trade and increased foreign debt holdin@eation 2. Holding international equity
positions, however, does not come without a side effectudiances that change relative profits, in
particular supply shocks, now affect relative financiabime and hence the exchange rate. This effect
has a strong bearing on optimal price setting, as theserbiistaes change production costs and the
exchange rate simultaneously. Particularly, a negatipplgushock increases marginal costs while
simultaneously inducing a depreciation. We empiricallpfamn this prediction regarding the effect
of financial integration on the covariance between margionats and the exchange rate in Section 2.
If firms were to continue pricing in producer currency, theyuld face high demand in times of high
costs, which can be avoided by pricing in the buyer’s cury2fcAs a result, financial integration
leads to a drop in exchange rate pass-through, which we aldanfthe data of Section 2.

Despite the importance of the exchange rate pass-througheifare and optimal monetary policy,
there have been relatively few explanations put forwardkmagn its recent decliné Taylor (2000)
points out that in (increasingly prevailing) low-inflati@mvironments the persistence of inflation is
lower, which also reduces the persistence of cost changkshanincentives to change prices after
exchange-rate movements. Campa and Goldberg (2005) cafifirmegative correlation between
lower inflation rates and lower pass-through, but attrilibte to the shift of imports towards goods
that exhibit a lower degree of pass-throdghGust et al. (2010) argue that increased trade integration,
combined with higher productivity growth outside the US andon-constant elasticity of substitu-
tion between goods, explains the reduced pass-througheitdg Our explanation via an increased
international financial integration does not contradiet élbove hypotheses as it can be one of several
important factors explaining the decline in the exchange 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

9Coeurdacier and Gourinchas (2016) have shown that thermresé bond trade, additional to trade in equity, matters for
hedging possibilities and equilibrium portfolio alloaats. They do not, however, investigate the interaction wgtimal
price setting.

°The positive effect of a higher correlation between margioats and the nominal exchange rate on the optimal usage
of local-currency pricing has been shown by Devereux et24l04). In a previous version, Devereux and Engel (2001)
find that switching from financial autarky to a complete santérnationally traded state-contingent assets canéseréne
importance of relative instead of absolute monetary stalfdr price setting, depending on risk aversion. As theodel
features only monetary disturbances as a source of fluohgadind does not endogenize optimal portfolio decisionsege
our paper as complementary. Similarly, our analysis addkeansights of Engel and Matsumoto (2009), who show that
an explicit exchange-rate insurance can induce the saomatithn as trade in a complete-markets setup. In our modkl wi
more shocks, bond and equity holdings serve as imperfestituties for such an insurance.

Hobstfeld and Rogoff (2000) highlight the importance of tasgthrough by showing that with full exchange rate pass-
through it is not desirable for monetary policy to targetioeninal exchange rate in terms of welfare. A floating excleang
rate allows for the adjustment of relative prices and hedptabilize output and other macroeconomic variables ipaese
to an external shock. If exchange rate pass-through is iptim however, the exchange rate becomes powerless to alte
relative prices and, hence, the shock-absorbing mechamiisrfloating exchange rate evaporates (Devereux and Engel,
2003). An important consequence is that under this assampgtuntries should adopt a monetary policy oriented at
minimizing exchange-rate fluctuations to improve welfa@gher studies showing the importance of pass-through dieclu
Betts and Devereux (1996, 2000), Engel (2000), and ObsdtfeddRogoff (2002).

12campa and Goldberg (2005) find that the combined effectsarfging macroeconomic variables and sectoral composi-
tions explain 30% of the observed change in pass-througrelib hence still room for alternative explanations, sictha
effects of financial integration, which were not includedtie macroeconomic variables of Campa and Goldberg (2005).



and effects of local-currency pricing vs. producer-cucsepricing, while the optimal international
portfolio choice is subject of a distinct body of literatufdost importantly, we use the method devel-
oped by Devereux and Sutherland (2011) to solve for the @btmmmposition of each country’s debt
and equity portfolio in terms of currency denomination. Tieghts obtained from considering both
channels simultaneously might be particularly importamtgroups of countries that move towards a
currency union. The preceding financial market integratian reduce exchange rate pass-through,
lowering the costs of giving up the nominal exchange rate esaanel of adjustment after idiosyn-
cratic shocks.To the best of our knowledge, this aspecteoétidogeneity of optimum-currency-area
criteria has not been explored so far.

The remainder of this paper is organized as follows. In 8aciwe provide empirical evidence on
the link between international financial integration ane tiecrease in the net currency position of
debt assets on one side and the degree of exchange ratémaggiton the other. Section 3 describes
our theoretical framework and lays out the optimal portfathoice under alternative assumptions
regarding financial markets. Section 4 describes analytsallts for the interaction between inter-
national financial markets and the pricing-currency chéacea simplifying calibration and presents
numerical simulations for the general case. Section 5 cdesl. In Appendix A we solve the model
for unrestricted parameter values, while Appendix B lises $ources and treatments of the data used
throughout the paper.

2 Empirical evidence

We start by investigating the empirical connection betwae@nmain variables of interest. This anal-
ysis is not meant to deliver a full characterization of thtada order to establish causal links, which
is beyond the scope of this paper. It rather gives a motinadiod demonstrates that the model pre-
dictions are in line with empirical observations. In pautar, we use regression analyses to identify
the relation between financial integration, measured byri@itional equity trade and FDI, and the
exchange rate pass-through. As our theoretical modelre=atuspecific channel from financial inte-
gration to pass-through, we first analyze two correlatidrag &re crucial for this channel. The first
relates to the reaction of the optimal bond portfolio to @aged equity trade. Specifically, our model
predicts a negative correlation between the net currensyipio of debt assets (NCD) and equity trade.
The variable NCD is defined as net debt holdings (assets riahikities) in domestic currency minus
net debt holdings in foreign currency. The second key ptiediconcerns one of the main variables
for the decision to price in producer or local currency, fsahe covariance between marginal costs
and the nominal exchange rate. Our model features a pobitkybetween financial integration and
this covariance, which we investigate empirically below.

To analyze the connection between increased trade in eaquitya falling net currency position of debt
assets, we conduct a panel regression analysis of 110 msuotvering the time period 1990-2004.
In columns (1)-(4), Table 1 shows a significant negativetiaiahip between the sum of portfolio
equity and FDI assets and liabilities on the one side and N&dgéfined above) over GDP on the
other. We discard outliers and use robust regressions étidard errors clustered at the country
level 13 We control for a set of other variables that might influence ikt currency position of debt
assets and include time and country fixed effects in the doOleS regressions. The controls are
net foreign assets (NFA) over GDP, total debt (log of debétsplus liabilities), the updated Chinn

135ee Appendix B for the country list, data sources, a desonipif the data selection, as well as summary statistics and
correlations. Note that in this specification both the dejean variable and the regressor of interest are divided bi?.GD
This does not introduce a correlation as we find a negatiatioakhip between the two.



Table 1: Impact of equity trade on net currency position ditdessets over GDP or total debt

(1) ) ©) (4) (®) (6) (7) (8)
NCD/ NCD/ NCD/ NCD/ NCD/ NCD/ NCD/  NCD/
GDP  GDP  GDP  GDP  Debt  Debt  Debt Debt

(Eq. & FDI)/GDP -0.470" -0.36T* -0.384™* -0.611"* -0.386** -0.294* -0.297* -0.764**
(0.121) (0.097) (0.100) (0.113) (0.122) (0.112) (0.114) .17Q)

NFA/GDP -0.807** -0.544"* -0.552** -0.844™* -0.449" -0.469** -0.472** -0.982"**

(0.058) (0.063) (0.061) (0.071) (0.067) (0.101) (0.101) .12B)

log(Gross Debt) 0.272* 0.234** -0.010 -0.064 -0.091 -0.469
(0.053) (0.059) (0.045) (0.072) (0.096)  (0.098)
Chinn-Ito -0.015 -0.017  0.003 -0.008  -0.008  0.000
(0.011) (0.011) (0.002) (0.013) (0.013)  (0.005)

Openness -0.138 -0.143** -0.044 -0.176° -0.180* -0.114
(0.045) (0.043) (0.047) (0.068) (0.071) (0.076)

Net Exp./GDP -0.176 -0.145 -0.208"* -0.035 -0.017 -0.218
(0.080) (0.080) (0.067) (0.085) (0.092) (0.126)

log(GDP/Pop.) -0.026 -0.108" -0.032 -0.148*
(0.041) (0.024) (0.065)  (0.049)

log(Pop.) -0.402" -1.165* -0.155  -1.140
(0.185) (0.577) (0.265)  (1.766)
Observations 1379 1319 1319 973 1379 1319 1319 973

Adjusted R2 0.669 0731  0.737 0.316  0.385  0.385

Robust standard errors in parentheses< 0.10 is denoted by, p < 0.05 by **, p < 0.01 by ***. NCD/GDP=net currency
position of debt assets (net debt in domestic currency mietislebt in foreign currencies) over GDP, NCD/Debt=netency
position of debt assets over sum of debt assets and liabjli(fEg. & FDI)/GDP=sum of equity assets and liabilitiesspsum

of FDI assets and liabilities over GDP, NFA/GDP=net foregmsets over GDP, log(Gross Debt)=log of sum of debt assdts an
liabilities, Chinn-lto=index of financial openness fromifand Ito (2006), Openness=Sum of imports and exports Gz,

Net Exp.=net exports over GDP, log(GDP/Pop.)=log of GDPr@apulation, log(Pop.)=log of population. All specificats
include country fixed effects. Columns (4) and (8) displegutes from mean group estimators with group-specific tireads,

all other specifications include time fixed effects. Datarees are listed in Appendix B.

and Ito (2006) index for the capital account openness, gmnfmeasured as the sum of exports and
imports over GDP), net exports over GDP, log GDP over popragand log population. We include
the index of Chinn and Ito as restrictions on debt and equéiye could have an impact on the effects
of these two variables. Furthermore, columns (5)-(8) sh@tthe negative effect of total equity trade
is also present if NCD over total debt (sum of debt assets iahdities) is used as the dependent
variable. Regarding the size of the effect, an increase efpmrcentage point in the sum of equity
and FDI assets and liabilities over GDP decreases NCD ovd? Bparound .38 percentage points,
and NCD over total debt by around .3 percentage points in @feped specifications of columns (3)
and (7). Importantly, this effect is also present if we cohtfor total debt in both sets of regressions.
Both results are statistically significant at the 1% and 5%llaespectively. Specifications (4) and (8)
implement the mean group estimator of Pesaran and Smittb)188owing for heterogenous slope
coefficients across countries. This estimation resultsémdarger and more significant coefficients



for both specifications. We can therefore conclude that tbeeraquity is traded internationally, the
lower is the net currency position of debt assets. This iesplhat following increased equity trade,
agents choose a debt portfolio from which they benefit morease of a depreciation of their own
currency.

Our theoretical model predicts that financial integratieads to a falling exchange rate pass-through.
A key variable for this interaction is the covariance betwe®arginal costs and the nominal exchange
rate. In particular, the optimal equity portfolio, if tradlecreates a positive correlation between high
marginal costs and a depreciated currency. If producers tweset their prices in the domestic cur-
rency, this would result in high sales in times of high codts.avoid this outcome, firms use local-
currency pricing, implying a low degree of pass-through.tha first two columns of Table 2, we
assess whether the prediction regarding the impact ofyettaiie on the mentioned covariance is in
line with empirical observations. To this end, we regresscthvariance between unit labor costs (com-
pensation of employees divided by real GDP, a proxy for nmailgtosts) and the effective nominal
exchange rate (where an increase denotes a depreciatidhg same set of control variables as in
Table 1. We add the volatilities of both parts of the covar@rhat is the variances of unit labor costs
and the exchange rate. Our theoretical model does not éetieird inflation nor inflation volatility.
We still include them as controls in Column (2), as both migége a bearing on the covariance. It
turns out that increased equity trade is significantly dased with a higher covariance between unit
labor costs and the nominal exchange rate (using robustggigns with standard errors clustered at
the country level, including time and country fixed effects)

Unfortunately, we lack a similar comprehensive data setxasha&nge rate pass-through. Our analysis
is therefore restricted to smaller samples, which can givenly indications of the relationship be-
tween pass-through and equity trade. In columns (3)-(6)atfel'2 we focus on invoicing data and
assess how financial integration affects the share of exjpoited in the currency of the exporting
country.Kamps (2006) provides an unbalanced panel of 1itdes, ranging from 1994 until 2004.

A lower number indicates that fewer prices are set in the ggps currency, implying a lower degree
of pass-through® Column (3) displays the results of regressing the PCP shaegjoity trade and
FDI, as well as the same control variables as in Table 1. Col(#jh additionally includes inflation
and inflation volatility.

We find a relatively strong negative relationship betweeariomal integration and producer-currency
pricing. There are too few observations per country for aignmean group estimator. Export prices
that are not set in domestic currency can also be set in webigtencies, such as US dollar or euro.
This case shares some properties from both local and preduoency pricing. Developments in the
importing countries that affect its exchange rate relativihe vehicle currency alter its import prices.
On the other hand, foreign developments that only affecestporters’ exchange rates towards the
vehicle currency do not change goods’ prices in the curreidpe importing country. We hence
conduct a robustness check in columns (5)-(6) by using thecdithe shares of export goods priced
in home currency, US dollar or euro as the dependent varidefind a clear negative relationship

4Countries and descriptive statistics are listed in Appeidi

15pCP rates and pass-through are positively correlated gsaiforeign-currency prices of those firms that do not use
PCP react less to exchange-rate movements than one-toftwae.is, firms may increase foreign-currency prices after a
depreciation of the currency of the export market, but bg limn the degree of depreciation. The empirical evidence
summarized by Burstein and Gopinath (2014) supports ttsgsmagtion. Specifically, they observe that “border [that is,
import] prices, in whatever currency they are set in, redponly partially to exchange rate shocks at most empirically
estimated horizons” Moreover, even conditioning on a peteange in the currency of pricing, they find that exchange rat
pass-through in case of PCP is higher than that of LCP. Lasitg that, based on product-level regressions, Devetealx e
(2017) find for imports from the US to Canada, pass-throudhighest for goods priced in US dollar, lowest for goods
priced in Canadian dollars, and in between for goods pricesliro.



Table 2: Impact of equity trade on covariance between uhdraosts and the exchange rate,
share of exports priced in home currency, and exchange astethrough

1) (2 3) 4) (5) (6) (7) (8)
Cov Cov PCP PCP PCP+VCP PCP+VCP PT PT
(Eq. & FDI)/GDP 0.021* 0.019* -0.062 -0.06F -0.058** -0.058** -0.339 -0.385*
(0.008) (0.007) (0.033) (0.033) (0.011) (0.012) (0.187).182)
NFA/GDP 0.041** 0.039** -0.018 -0.011 -0.043 -0.028 -0.117 -0.144
(0.011) (0.009) (0.029) (0.035) (0.021) (0.028) (0.171).16@)
log(Gross Debt) 0.0r6* 0.017* -0.021 -0.025 -0.011 -0.013 0.1700.194*
(0.005) (0.006) (0.029) (0.033) (0.018) (0.018) (0.073).070)
Chinn-Ito -0.001 -0.002 0.01&6* 0.017* -0.015** -0.013** -0.023 -0.006
(0.002) (0.002) (0.004) (0.004) (0.003) (0.003) (0.076).083)
Openness 0.055* 0.059** 0.091** 0.085** 0.004 -0.004 -0.109 -0.063
(0.016) (0.013) (0.024) (0.022) (0.017) (0.015) (0.171).16@)
Net Exp./GDP -0.140* -0.147** 0.044 0.063 0.003 0.021 1.133 0.925
(0.040) (0.044) (0.042) (0.044) (0.090) (0.111) (1.212).195)
log(GDP/Pop.) 0.032 0.032* 0.010 0.015 0.027 0.033 0.015 0.046
(0.014) (0.011) (0.011) (0.011) (0.016) (0.020) (0.101).11@)
log(Pop.) 0.058 -0.000 0.142 0.155 -0.372 -0.355 -0.035 -0.014
(0.054) (0.089) (0.097) (0.094) (0.193) (0.191) (0.058).0%0)
Inflation -0.231 0.11% 0.088 1.644
(0.217) (0.040) (0.109) (2.492)
Inflation Vol. 27.610 0.703 2.644 -0.005
(23.411) (1.138) (1.279) (5.112)
Exch. Rate Vol. 0.002* 0.002**
(0.001) (0.001)
ULC Vol. 0.271 0.286
(0.344) (0.484)
Observations 138 137 72 72 63 63 34 32
Adjusted R? 0.244 0.258 0.537 0.527 0.385 0.371 0.180 0.219

Robust standard errors in parenthesgs< 0.10, ** p < 0.05, *** p < 0.01. Specifications (7)-(8) are cross-sectional
and include the average year of observations, all otheiifggaimons include time and country fixed effects. PCP=sludire
exports set in home currency, PCP+VCP=share of exportsideirme currency, US dollar or euro, Exch. Rate Vol. and
Inflation Vol.=variances of quarterly nominal effectiveceange rate or inflation in the three preceding years, PTrmge
rate pass-through in to export prices. For descriptionteéotontrol variables, see Table 1. Data sources are in Alip8n

between financial integration and producer or produces-p&hicle-currency pricing across specifica-
tions. All results are based on robust regressions (stdretanrs clustered at the country level) with
time and country fixed effects.



The dependent variable of columns (3)-(6), that is the sbérexports priced in the currency of
the exporting country, corresponds closest to the mairabbiof interest in our theoretical model
of Section 3. It is nevertheless instructive to relate adfiestimate of pass-through to financial
integration. We are not aware of a large panel of pass-ttrgogfficients, such that we employ cross-
sectional data from Choudhri and Hakura (2015). They estipsmong others, the short-run pass
through of the nominal effective exchange rate into expddegs for 34 countries. We regress their
values (based on the period 1979-2010) on the averages ofdmpendent variables over our sample
period. Given that we end up with only 34 observations we dodnop outliers in this regression,
but weight observations to obtain robust standard erras Ksamilton 1991). Because of this small
sample size, the results, presented in columns (7) and (Bldé 2, have to be taken with caution.
They are, however, consistent with the previous finding oégative impact of equity trade cum FDI
on pass-through.

We can summarize our empirical assessment by three maimieahfindings: higher levels of inter-
national equity trade and FDI are associated with a lowecmeency position of debt assets, a higher
covariance between unit labor costs and the exchange sateelhas fewer exporting firms pricing
in producer currency (a smaller degree of exchange ratetpemsgh). The next section presents a
model that is able to replicate these empirical patterndloweng for both, an endogenous portfolio
choice by households and optimal price-setting behavidirins.

3 The Model

This section presents a formal analysis of the effects efimattional 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 in which agents of Hon#€, and Foreign,F', produce traded goods.
Both countries are of the same size, have symmetric stegtand their inhabitants are indexed by
numbers in the intervgD, 1]. Home agents consume a continuum of differentiated homécaain
goods. Each household provides labor to the domestic mdistipdirms. Firms set their home and
export prices prior to the realization of aggregate teabgwldisturbances, monetary policy shocks,
and demand disturbances. The latter are induced by the &istabrity in each country. Firms meet
demand at the pre-set price. Foreign country conditiongselvariables are indicated by an asterisk,
are defined analogously.

There are two periods. In periad= 0 no output is produced and no consumption takes place but
households trade assets in international financial mabkfdee any shocks occur in the economies in
periodt = 1. Two different international financial asset market suues are assessed. Households can
either choose the amount of money they like to invest in hontefareign nominal bonds\B case),

or in home and foreign nominal bonds as well as equities @laims on the future profits of home
and foreign firmsNBE case). Moving from an asset market where only nominal bonelsraded

to financial markets where both nominal bonds and equitieshald is interpreted as international
financial market integration. After asset trade has takeweplfirms decide whether to pre-set the
price of their export good for the next period in their ownremcy (i.e., producer-currency pricing,
PCP) or in the currency of the importing country (i.e., lecatrency pricing, LCP). In period= 1
households decide about money balances, consumptionabaddupply, while firms produce and
sell goods that consumers demand, once uncertainty isvegsdror ease of notation, we only denote
period 0 variables with a time index.



3.1 Households, firms and international financial markets

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

1-p _ v

U=E % Xln%—KL (1)
The expectation operator across states of nature in pe#ddyiven date =0 information is denoted
by Ey. The parametep > 0 is the degree of relative risk aversion,> 1 is the inverse of the
elasticity of labor supply while; and K are strictly positive parameters. Total labor supplgf the
representatlve household is distributed across monajediisns of unit mass, indexed by, so that
L = fo z)dz. The consumption inde&’ is a composite of domestic goods and goods produced
abroad,

n—1 n=177-1

_1
C=laiC,y +1-aFCy  with P= [apﬁ,‘” +(1-a) P}‘”] )

being the home consumer price index. The elasticity of gulish between home and foreign goods
n > 0 governs the sensitivity of the allocation between home aneign goods with respect to rel-
ative price changes. The parameter 1 — n/2 measures the share of home goods in the home
consumption basket in case of equal prices (see Suthe@@08), where trade openness is measured
by the parameted < n < 1. This formulation accounts for the empirical consumptigastiowards
tradable goods produced locally. In case of complete tragamess (= 1), there is no home bias in
consumption, i.e., domestic and foreign households coaqual shares of home and foreign goods.
In case ofv =0, both countries are completely closed. Home and foreignigaoe each consumed in
constant-elasticity-of-substitution bundles of diffetiated products, witlr > 1 reflecting the elastic-

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

priced in domestic currency, resulting in the bundb@:(fo1 CH(z)GTﬂdz)ﬁ with the correspond-
ing price indexPH:(fO1 PH(z)l“’dz)ﬁ. Imports can be priced either in the consumer’s (LCP) or
exporting firm’'s (PCP) currency. It is assumed that the foact* of firms in the foreign country
employs LCP, and the remaining fractibn- z* are engaged in PCP, such that

1

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

(0

The nominal exchange ratereflects the home currency price of one unit of foreign cuoye\nal-
ogous conditions hold for the export goods of the home cguHty with Z reflecting the fraction of
home firms deciding for LCP, while the remaining fractibn z of firms follows PCP. Maximizing (2)
subject toPC = Py Cy+ PpCr leads to the following demand functions for home and forgigods

CH_a<];f>_ C and CF_(l—a)<];f> C, 4)



with the demand functions for individual home and foreigod® given by

CH(Z) = (PH(Z)/PH)_UCH forz = o,..,1, (5)
LCP -
Cr(z) = <L(Z)> Cr forz=0,...,2",
Pr
PCP o
Cr(2) :<SPF (Z)> Cr forz = 7*,..,1,
Pr

showing thatz* foreign firms provide the home country with the foreign gooa @rice charged in
home currency andl — z* at a price in foreign currency. Analogous demand functigeyafor the

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

the underlying international financial market structure.

International financial markets and budget constraints We assume two different international
financial market structures: in periee-0, international asset trade may take place in nominal bonds
(NB) or in nominal bonds and equitiNBE). Thus, the degree of international financial integrat®n i
measured by the amount of financial instruments availabilestore against different types of risk.

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

By +B; =0 and Br + B =0, (6)

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

pBy — SoppBr = 0. (7)

The foreign budget constraint at= 0 can be written in terms of the currency of county as

SoppBr =ppBj;. Furthermore, due to symmetry the price for bonds is imjtiglentical andSy =1.

Consequentlypp = pj; holds andBy = —Br and B}, = —B7.. If country H (F) goes short in its
own bonds, By < 0 (B}, < 0), this implies that the respective country holds a positiesition of

foreign bondsBr (B};). Using (6), this can be written as

By = Bp and By = Bp.

We can thus summarize holdings of the respective own bonds asBy = By. Our goal will

be to solve forB. B < 0 then implies that countryd borrows in domestic currency and lends
in foreign currency. H would in this case benefit from a depreciation of its currenéyter the
realization of shocks in periotl= 1, the representative household derives its income by simaply
labor at the nominal wage rate and by receiving nominal gré&fiim domestic firms as well as returns
from bond holdings determined in the previous period. Tngrio the expenditure side, the household
consumes, holds monady, and pays lump-sum tax&s given the initial money stock/,. The budget
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constraints of the representative households in countfiesd F' in periodt = 1, both expressed in
terms of countryH'’s currency, are then given by
I+By—-SBr+WL = PC+M-—My+T, (8)
SII* — By + SBp + SW*L* = SP*C*+S(M*—-Mj+T"),
respectively. Total nominal profits from home and foreigiesaf the domestic and foreign firms are

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

Xops = Ep (N), Xops = Eo (AS),

wherel = €22 is the Lagrange multiplier associated with the peried 1 budget constraint. Since
pB =D}, the marginal returns of both types of assets have to be ayeapected terms if expressed
in the same currency. Hence, the following equations defiseasset market equilibrium conditions
at home and abroad,

cr cr Ccrr Ccrr

Note that due to the zero net foreign asset positions, aiher both bonds will be held, such that the
Euler equations have to hold for both bonds.

Trade in bonds and equity (NBE econony)

If financial markets are integrated, two types of financiak#sare traded, bonds and equities. Initially,
households fully own their local firms and the net foreigreag®sition is zero. The relevant budget
constraint in theNBE economy at =0 is then

peBu — SoppBr + ¢pE + ©SopE = PE, (10)

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 sugmynefand foreign shares is normalized
to unity, the equilibrium in the asset market is characegtiay = 1 — ¢*. Moreover, it follows from
initial symmetry thatp* = ¢, which implies thatp = 1 — ¢. Our goal will be to derive the optimal
equity and bond positions. In periagd= 1 the budget constraints of the representative consumers in
countriesH andF' are given by

O+ (1 — ¢) SIT* + By — SBp+ WL = PC+M — My+T, (11)
¢SII" + (1 — ¢) I — By + SB + SW*L* = SP*C*+S(M" - M; +17),

where households derive their financial income from holdinginal bonds and receiving nominal
profits from domestic and foreign firms according to the anewh shares held, determined in the
previous period. For trade in equities, the Euler equatiaitis respect to equity equalize the marginal
costs of buying an additional share in perted0 to the marginal gains in periad= 1. They are given
by

Mope = Eo (\II)  and  Aopg = Ep (ASTIY),
where the fact thapr = p}, because of initial symmetry has been taken into accouniggitig the
Lagrange multiplier associated with the peribg 1 budget constraint into the above equation, the
Euler equations can be written as

cr Cr Cr N (O
Ey <?H> — Ey <?SH ) and E, (SP* H) — Ey (sp* STI > .2
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which define the equity market optimality conditions at hceme abroad. The optimality conditions
regarding the bonds market are as in i2economy, given in Equation (9).

Money demand and labor supply In periodi =1 the representative consumer maximizes her utility
function (1) with respect to consumption, money balancesd, waork effort, subject to the budget
constraint (8) or (11). The first-order conditions assetlatith consumption, money holdings and
the labor supply decision imply
v—1

% = xC”* and % = Ké_p )
The second equation states that the marginal rate of autimstitoetween consumption and leisure is
equal to their relative price. As in Devereux and Engel (0@ assume in the following that=1,
which implies an infinite wage elasticity of labor supply. €lforeign country has similar first-order
conditions. The first-order conditions associated with eyoholdings allow us to state the money
market conditions as functions of nominal spending at honaeadroad as

(13)

1 M 1 M

Expressing the two conditions in domestic currency unit smiving for the nominal exchange rate

yields
M [ PC \ P [/8P\'"*
5= <SP*C*> < P > ' (13)

In addition to relative money balances and prices, the nah@rchange rate will be affected by the
underlying international financial market integrationttiatermines differences in nominal spending,

<5<, as shown by equations (8) and (11).

Monetary and fiscal authorities The money supply in each country has an expected value of
Ey(InM) = Ey(InM*) = 0 and a finite varianc& ar(In M) and Var(In M*), where the home
and foreign monetary disturbances are uncorrelated. Timelgmvernment finances its consumption
spending by means of taxes and seigniorage. Its budgetramstqualsPG = T + M — My,
whereT denotes lump-sum taxes. It is assumed that total governengrenditureGG is a random
demand component with a mean valueHf(In G) = 0 and a finite varianc& ar(In G). A similar
expression holds for the foreign country. The governmemigich country consumes the same shares
of local and foreign products as the private sector, suchhbae government demand for differen-
tiated goods takes the same form as the private demandduosdti (4),Gy = a (Py/P)”" G and

Gr = (1 —a) (Pr/P)""G. Consequently, the government demand functions for indalidjoods
are the same as in (5) and hold correspondingly for the foreggntry. We assume that home and
foreign government spending shocks are uncorrelated.

Profits and firms’ price-setting decisions Firms produce differentiated goods under monopolistic
competition and hire labok at the nominal wage raté’. In ¢t =0, firms set their future prices and
decide in which currency the exported goods are priced tomiag expected profits from sales in
t=1. The production function of firm and market clearing for its goods are given by

Y (2) =AL(2) =Chu (2) + Gu (2) + C (2) + G (2) ,
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where A is the productivity parameter with a mean value K (In A) = 0 and a finite variance
Var(ln A). A similar expression holds for the foreign country. We assuthat home and foreign
shocks are not correlated. The associated expected pmfilemestic sales are

Bo () = Eud (Pa(2) —me) (Z22) 7 (2) 7,

Profits are discounted with the stochastic discount fagter C—*/P since firms are owned initially
by domestic households and future profits from productidhbgievaluated according to households’
marginal utility of consumptioft® D denotes a home demand variable which consists of priwat (
and state{G) demand and is taken as given by firms. Marginal costs ard egua

=, 16
me = — (16)
The profit-maximizing price for domestic sales of an indiiatthome firm equals
o  Eyg(dmeD)
P =
1(2) = T Ry D)

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

*LCP -0 *\ —7N
TPy =d (SP;ILCP(z) — mc) (M) <PH> D*. (17)
Py P

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

this solution, the expected discounted profits from expalgssin the domestic currency are
Ey (77 (2)) = & (Eo(S 2*))7 (Eo(me Z%))'°, (18)

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

Var(S) Var(me) . Var(Z*) . Cov(nﬁ\c,ﬁ) (19

—(c—1)

Ey (%ch(z)) x o

where X = In X — In X denotes the percentage deviation of variakildrom its steady stateX.
Furthermore XY = (InX —In X) + (InY — InY)) reflects the sum of the percentage deviations of

%n the case of trade in bonds and equity, it doesn’t mattertielieprofits are discounted with the domestic or the
foreign discount factor. In equilibrium, the price of equitorresponds to expected discounted profits and is eqdalize
across countries.
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the variablesX andY” from their respective steady states. The varianck &f denoted by ar()? ) =
Eo(X?) andCov(X,Y) = Ey(X - Y) reflects its covariance with variablé. Equation (19) shows
that expected profits under LCP are increasing in nominahaaxge rate volatility via its effect on
expected revenues. Furthermore, changes in the nominahege rate do not affect expected costs.
The profit function of a home firm from sales to the foreign dopnnder PCP can be written as

PCP d %\~

PP () =d (PII;CP(z) — mc) <E{5Tﬁi}(2)> <];Ii> D*. (20)
Under PCP, profits are convex in the nominal exchange rate.t®the expenditure-switching effect,
a nominal exchange rate depreciation increases foreigauifior domestic goods by more than one-
for-one sincer > 1. This means that ceteris paribus, with a rise of the nomixeli@ange rate, revenues
from sales under PCP increase relative to LCP. However, mirast to LCP, a depreciation has a
positive impact on expected costs and hence a negative oagpaated profits. The corresponding
profit-maximizing price for firms that employ producer-amcy pricing is then given by’};CP(z) =
25 Eo(meS°Z*) [ Ey(S°Z*), for z = Z,...,1. Using this solution, the expected discounted profits
from export sales are given as

Eo (7P (2)) = 6 (Eo(S°Z*))" (Eo(mcS° Z*))'~°. (1)

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

~

Var(S)

Var(me) N Var(?)

Ey (77P(2)) x o —(o—1) + Cov(me, Z%) + oCov(me, §) | .

(22)

Under PCP, nominal exchange rate variability increasesagd revenues. However, changes in the
nominal exchange rate also induce demand changes. As thédsno meet demand at the given
price, it has to increase its labor inputs after an exchaatedepreciation. If this happens in times
of high marginal costs, i.eGov(me, §) > 0, expected total costs are higher relative to LCP. This
fact will be of importance when assessing the role of intonal financial market integration on the
export-price setting behavior of firms, as financial intégraaffects the properties of the nominal
exchange rate. Following Bacchetta and van Wincoop (2008)Cevereux et al. (2004), we obtain
the decision rule of the home firm whether to set its expodepin its own or in the local currency by
subtracting (19) from (22). The firm will use PCP (LCP) as lasgexpected profits under PCP (LCP)
are higher than under LCP (PCP), which is the case if

~

Var(S)
2

The optimal pricing currency condition (23) holds underalsumption that the discount factor, prices
of other firms, foreign total demand, and foreign prices a@genous to an individual firm and its
pricing-currency decision. Analogously, a foreign firm legsiivalent profit structures and will decide
to price its exports to the domestic economy in the foreigm@) currency if

— Cov(me, 8) >0, (< 0). (23)

~

Var(S)
2

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

+ Cov(me*, S) >0, (<0). (24)
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3.2 Equilibrium and steady state

The rational expectations equilibrium is a set of valuesctmisumption, output, labor, wages, prices,
and the optimal portfolio shares, given the distributiostubcks to technology, government spending,
and money supplies at home and abrdad,A*, G, G*, M, M*). The model is solved by linearizing
(first order, except where noted otherwise) around the syinmm®n-stochastic steady state where the
economic disturbances equal zero. Steady-state variatdedenoted by a bar. The above described
optimality and market clearing conditions are then usedeieminine the endogenous variables in
equilibrium, in particular the equilibrium home exchangeerpass-through,— z (for Foreign:1—z*),

as well as the portfolios of equity, and of bonds,

b= B/PC,

which corresponds to the net currency position of debt asdetsteady state, a country’s sales rev-
enues are given bREV =Y Py = PC. It follows that profits and labor income are shares of a
country’s income, given byl = (1/0)REV andW L = ((c—1)/o)REV, respectively. Because of
symmetry across countries, purchasing power parity holdgdady state, such th&tP* = P. Fur-
thermore, producer prices are given By = ((c—1)/0)W /A. As the two countries are identical in
steady state, the law of one price holds within and acrosslgyd®; = SP;, = Pp = SP;. Having
described the optimal pricing and portfolio conditions #yuilibrium, and the steady state, we will
now show how the integration of international asset markféest the exchange rate pass-through via
the optimal portfolio choice.

4 Financial Markets and the exchange rate pass-through

To illustrate the mechanisms at work we first make use of algiymmy calibration in Section 4.1
for which we derive an analytical solution. Section 4.2 mpoesults of numerical simulations for
general calibrations of the model, whose unrestrictedlibguim conditions together with additional
intuition is presented in Appendix A. In the following we draon these equations 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 hoasahdlgovernment 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 problem and then show
how it relates to the price-setting behavior of firms. We adbr the nominal exchange rate by making
use of the money market equilibrium. Expressing (15) inllngar terms yields

S = (M — M*) — (PC — SP*C*). (25)

"The assumption ofy = 1 implies Cobb-Douglas preferences across home and foreigdsg In this case, the terms of
trade provide arisk-sharing role, as shown by Cole and @losff991), and the asset market structure might not beaeiev
However, this is only true when there are only productiviipeks and international asset positions are zero. In treafas
demand shocks, such as government spending shocks, riskgstegjuires relative income to move asymmetrically, hic
causes optimal non-zero nominal bond positions, 5.€4,0 , as shown by equations (28) and (39), as well as interndtiona
trade in equities, i.e¢# 1, as shown by Equation (38) below for the nominal bond andtegaise.
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In equilibrium the nominal exchange rate will not only beeated by the relative money supplies
but also by the differences in nominal spendiftf; — S P*C*. How this difference reacts to shocks
depends on the amount and types of assets traded.

4.1.1 Trade in bonds only

Consider first Equations (8), which show that relative n@hgpending in case of trade in bonds only
equates to
PC — SP*C* = —-2bS + (REV — SREV*) — (G — G*), (26)

with G = G/C. The financial return to the bond holdingss given by the negative of the nominal
exchange rate movemer—v;,?, while revenues of firms from sales to the home and foreigisworers
are non-financial income, denoted R¥'V. In the following we use the linearizatioREV = %ﬁ +
"T‘lI/I//I and the fact thaBy = B%, asSy=1. b is the equilibrium amount of bonds we are looking
for. Given Equation (26), we can express the nominal exohaate (25) in the economy with trade
in bonds only as

M- G-G

S=T— T

(27)

observing thatREV — SREV* = 0 in our simple model structure with = 1, since expenditure-
switching effects offset higher relative revenues in thedstic currency one-for-one after exchange-
rate movements.

What will be the amount of equilibrium bonddeld within this financial market structure? Optimally,
households would use the available hedging possibiliGesdch efficient risk sharing, characterized
by C — C* = SP* — P, see Backus and Smith (1993). In other words, Equation (p&nally
remains at zero following disturbances. Given that the dwglging instrument in thsIB case are
international bonds, households cannot obtain efficiekt sharing. There are three shocks in each
country, of which only two need to be hedged. Technology kha@dfect the division of income
between workers and firms, but do not change aggregate ddmandse of pre-set prices and the fact
that profits are distributed domestically in the bond-ordges International borrowing and lending
does hence not need and cannot be used to insure againgphigftshocks. The remaining shocks
to government spending and the money supply, however, naalytte deviations from efficient risk
sharing, as explained below on the basis of equations (2b]2)18

If no international bonds are held, thatis- 0, monetary shocks do not need to be hedged, given that
they do not change available resources directly (for ungbdigovernment spending, seignorage is re-
bated via lower taxes) and move relative consumption ancetlleexchange rate proportionally in op-
posite directions. Specifically, after an expansionary etany shock relative consumption increases,
seen from the home perspective, while the real exchangelegteciates, such th&@C — SP*C* re-
mains constant. Government spending shocks, on the othdr leed to a direct resource loss (called
taxation) for households that decreases consumption. #Sleviin Equation (26), holding foreign
bonds § < 0) counteracts the consumption drop. Equation (27) showsatlpmsitive government
spending shock depreciates the nominal exchange ratelsaicthe domestic-currency value of for-
eign bonds increases. However, Equation (27) also showshfaominal exchange rate reacts to
changes in the money supply as well. This additional vithatieduces the incentive to hold assets
whose returns depend on the exchange rate, i.e., foreigisbdine larger are absolute international

8The sign of these deviations, including the effects of anelgy shock if trade in equity is allowed for, are in line
with recent empirical evidence in, e.g., Enders et al. (2011
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debt positions || > 0), the larger are their payoffs and therefore deviationsfoptimal risk sharing
after monetary shocks (see Equation 26). Facing this tfademseholds will opt for an intermediate
solution by holding a relatively small amount of foreign ldgrto partially hedge against consumption
risk associated with government spending shocks, withaluding a too large volatility of financial
returns. Put differently, as households have only one Imgdigistrument at their disposal, efficient
risk sharing is not obtainable.

To calculate the equilibrium portfolio choice bfve follow the approximation method for computing
the equilibrium portfolio positions developed by Devereund Sutherland (2011) and take a second-
order approximation of the asset market equilibrium caadifor the home country (9) and its foreign
counterpart. The full details of the derivations can be tbimAppendix A. From Equation (A-10),
the solution to the equilibrium bond portfolio is given by

pve —_ VarlG+G) (28)
2Var(M + M*)
This bond position implies that the home country lends inftireign currency and borrows in its
own sinceb < 0. Thus, in states when the domestic currency is weak, thdileguin bond position
ensures that the home country will receive net payments &loiad. In line with the above intuition,
this effect is more pronounced the larger are the variancgswv@rnment spending relative to those of
money supply shocks.
Given that technology shocks do not change relative intenmal income, the exchange rate only
transmits two of the three possible economic disturbancessa countries, see Equation (27). This
has additional implications for the price-setting decisod firms. Consider the linearized version of
home marginal costs, Equation (16), together with Equdtl®) and its foreign counterpart

—~ ~

me=M-A and e = M*— A% (29)

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

~ Var(]\/J\)

Cov(me, S) = 3 M,

and Cov(me*,S) = — T~ 9

(30)
Note that when only nominal bonds are traded, only monet&turthances affect the covariance
relationship between marginal costs and the nominal exggheatte. Since all shocks are uncorrelated,
the variance of the nominal exchange rate equals

Var(M + M*)  Var(G+ G*)

Var(8) = =202 =22

(31)

with Var(G + G*) andVar(M + M*) reflecting the sum of domestic and foreign variances of the
government spending and monetary policy shocks. The maimivf the variance of the exchange
rate and its covariance with marginal costs also depend @rdhilibrium bond holdings, which
implies that the bond holdings have direct implicationsffons’ pricing decision. Substituting the
equilibrium bond portfolio (28) into the decision rule ofrfis (23) with (30) and (31), we obtain

RNB o 1 V(IT(]/\Z*) — V(IT'(]/\Z)
2 Var(M+M*)+Var(G+G*)
Var(JT/T—i-JT/T*)

(32)
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As long as the variance of domestic money supply is lessilethan the foreign one, i.eV,ar(]\//.T*) >
Var(]\//f), domestic firms will decide to set their export prices in PG#eforeign firms will use LCP,
resulting in global pass-through 6f5. A similar result has been derived by Devereux et al. (2004),
who point out that firms tend to set their export prices in theancy that is governed by the more
stable monetary growth. If foreign money supply is very titdathe exchange rate moves a lot, while
the covariance between marginal costs and the exchangdepémds only on the variability of the
domestic money supply in such an econofhyAccording to equations (23) and (24), firms of both
countries hence optimally set their prices in the same nayr&

4.1.2 Trade in bonds and equities

When financial markets become more integrated, householtisei model have the possibility to
trade not only nominal bonds internationally, but also ggusince those assets have a different risk
profile, the two countries optimally exchange equity to éredmooth fluctuations in consumption
across different states of nature. Country differenceb@fihearized =1 budget constraints (11) for
the home country and its foreign counterpart result in thsedn

2¢ — 1

g

PC — SP*C* =

(fi — STF) — 28 — (G — GF) + %Hm _SWOIY. (33)

In equilibrium the relative total returns on equiﬁ/,— §1‘F, are given by the difference between total
revenues and labor income at home and abroad,

Il — ST* = ¢(REV — SREV*) — (0 — 1)(WL — SW*L*).

Remember from above th&EV —SREV* =0 in our simple model structure. Relative labor income
is obtained by combining the optimal labor supply conditidrhouseholds with the market clearing
condition and the production function of the representatikm. We then have

23S @4

- SI* = (0 — 1)(WL — SW*L*) = (o — 1) | (A — 4%) — (M — M*) +

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

~

2(¢ — 1)L + 1)(M — M*) — 2(¢ — 1)1 (A — A) + (G - G¥)
1—2b+2(¢ — 1) '

S = (35)

with (=2=1Z£Z wheres /(0 — 1) is the monopolistic markup. The equilibrium outcome of the

o 2

nominal exchange rate depends on the equilibrium portfalimcation of bonds), and equitiesp.

19As technology shocks do not move the exchange rate withaiityemade, they also have no impact on this covariance,
see also Devereux and Engel (2001).

20/t firms are indifferent between both pricing options be@mmney supply variances are equal in Home and Foreign,
z andz* can take any value on the continuum between 0 and 1. The pliopdhat all firms will use the same pricing
strategy, £,z* = 0 or 1) is hence zero. Consequently, there is neither full o 2xchange rate pass-through, i.e.,
0 < Z, 2* < 1.However, this indeterminacy only arises if the volatitifynonetary shocks are exactly equal across countries.
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Furthermore, in contrast to the economy in which only nottdeads can be traded, holdings of equity
let the exchange rate transmit all three economic distedsmacross countries. If agents hold more
or less than 100% of claims to their profits, i@ 1, technology shocks affect aggregate income via
altered profits instead of just shifting the division betweéemestic labor and profitincome, as itis the
case if only nominal bonds are traded internation@iljlence, the covariance between marginal costs
and the nominal exchange rate is affected not only by mopeiaturbances, but also by productivity
shocks. From (29) and (35) it follows that this covariance loa written as

o 200-1)72+1 = 2(p — )7
Covme,5) = o5 "M T ap -1 )g
200 -1 +1 2(¢ — 1)
C1—2042(p — 1)C 1—2b+2(¢—1)¢

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

Var(A), (36)

Cov(me*, S) Var(M*) — Var(ﬁ*).

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

Var(S) =

(37)
The sign and magnitude of the covariance of the nominal exgdhaate with marginal costs and its
variance will depend on both the equilibrium amount of boadd equities held as well as on the
exchange rate pass-through (¢ia
What determines the equilibrium portfolio within this ecomy? Remember that households were
not able to hedge completely against government spendiagkshn the bonds-only economy be-
cause of the additional deviations from efficient risk shiguthat arise if more foreign bonds are held.
These deviations were induced by the impact of monetarykshoe the exchange rate. In the bonds-
and-equity economy, households can make use of the addlitiostrument of cross-border equity
holdings to counteract this higher volatility of income. egffically, since monetary shocks increase
consumption and therefore wages, they raise marginal emstghus lower profits. Going long in
domestic equity will hence reduce the income volatilityttironetary policy shocks generate via the
payoff of foreign bond holdings: this payoff increases mftenonetary expansion while the returns
from domestic equity holdings fall. This is visible in egais (33) and (35) or, more directly, in the
positive relationship between domestic equity holdingg fameign bond holdings, as the impact of
the latter (" BE) on the former ¢) increases in the volatility of monetary shocks:

b—1- o Var(]\?—k]\/i*) [ NBE
o= 1Var(A+ A*) + 25ZVar(M + M*)
2War(A+ A*) + LlVar(@ +G¥)

= s : (38)
2Var(A + A*)

which was again derived with the approximation method fonpating the equilibrium portfolio po-
sitions developed by Devereux and Sutherland (284 There is also a direct benefit from going long
in own equity: as positive government spending shocks degieethe exchange rate, they increase
relative profits at the same time when they reduce consumpsiee above. Own equity can hence

2lyalues of$ above unity correspond to an extreme home bias via an irenlassage of more complex financial instru-
ments, such as derivatives. See Matsumoto (2007) for owsamolvinge > 1.

2The term% Var(]\/J\-&- ]\//f*) in the denominator of the first expression counteracts tttdlfat
pass-through falls, see below. It offsets this effect dyakthe equilibrium value o™ 2¥ is inserted.

bNEE increases if

19



(partially) hedge against those shocks. Choosging 1, however, creates an impact of technology
shocks on aggregate income via financial income from bomgdsygh the exchange rate) and equity
(through profits), which tends to induce deviations fromecgdfit risk sharing (see equations 33-35).
This counteracts the incentive to deviate from the initisldngs of 100% of the own stocks, where
technology shocks had no bearing on aggregate income. ﬂ'm@téar(ﬁ+ﬁ*) in the denominator
reflects this tendency towards= 1 whenever technology shocks are important.

Given that the volatility induced by monetary shocks on #eimn of foreign bond holdings can be
counteracted by the new equity position, agents can nowehetge effectively against government
spending shocks. As in the bonds-only economy, they do soulind foreign bonds. This time,
however, they have to worry less about the effects of mopetamcks and hence buy maré.

c—1 z+ z*

- Var(G + G*)[Var(A + A*) + =i Var(M + M*)] (39)
2Var(g+2*)Var(]\/4\+ ]\7*) .

Comparing equations (28) and (39) shows that

NBE NB
pNBE < pNB

in line with the empirical finding in Section 2. The interactibetween price setting and the port-
folio choice becomes evident in the optimal asset and botdirtys: the payoff of equity holdings
depends on the level of pass-through, while portfolio dessinfluence the effects of disturbance on
relative income. The latter impacts the volatility of thekange rate and its covariance structure with
marginal costs, which are the crucial variables for firmsH/ECP decision. Specifically, substituting
(38) and (39) into (23) yields the expression for the deaiside of firms

RNBE _ Var(]\/j*) — Var(]\/J\)
202/ {Var(]\/j—i— M*) |Var(G + G*) + Var(A + ﬁ*)] }2
Var(A*) — Var(A)
292/ [Var(@ + G*)Var(M + ]\7*)] ’

_|_

B Var(M)
(I>2/{Var(@—l—@*)Var(]\?—k]\?*)‘/ar(g—kg*)[Var(@—i—é*)—i—Var(g—i-g*)]}

Var(A)
CIDZ/{VCLT(@—F(A?*)VW(]\/Z—H\/Z*)Var(g—kg*)[Var(@—i—é*)—i—Var(]\/Z—H\/]*)]}7

with
o = Var(]\?—i— M*)Var(g—k A*) + Var(G+ G)Var(A+ A*) + Var(G + @*)Var(]\?—i— ]\7*)

A corresponding expression holds for the foreign countiynde algebra shows that at least one of
two conditions (one for Home, one for Foreign) is negativiab@l pass-through is hence equal or be-
low 0.5. When moving towards internationally more integdatinancial markets, i.e., switching from

BThe term—% in the fist line of equation (39) stems from the additionalgesaf foreign debt to offset the volatility
of income that arises from the impact of exchange-rate mewmtsnon the payoff of international equity holdings, see
Equation (34).
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the nominal bond economy to an economy where both bonds antlesgare traded internationally,
the exchange rate pass-through hence declh@sis is in line with empirical evidence in Section 2.
To gain some intuition for this result, note that the secomd furth term ofRNEE show that vari-
ability in domestic supply disturbances causes firms totsat £xport prices in LCP. This decision
is driven by the increased covariance between marginat @ the nominal exchange rate. The
increase results from the higher impact of technologicdlrmonetary disturbances on both variables,
induced by international equity holdings. Given that ageyu long in own equity, positive technol-
ogy shocks increase their aggregate income and hence miprihe exchange rat® decreases). At
the same time marginal costs fall, increasing their comagawith the nominal exchange rate, see
Equation (36). Positive monetary shocks have a similarceffes they increase marginal costs via
higher consumption and thus wage demands, but deprecatextihange rate, which is behind the
third term of RNBE . This pattern would let exporters, if they employed PCR, especially many
goods at times when marginal costs are high. They will heetdheir export prices in the local
currency of the consumers, isolating their export demaoih fmovements in the exchange rate. As
in theNB case, the endogenous portfolio choice is therefore agasiatifor the determination of the
equilibrium pass-through. As a result, the higher is finahaiarket integration, the more firms will
price their export goods in foreign currencies and the lomi#itbe the exchange rate pass-through.

It should be mentioned that the simple calibration with aamitrade-price elasticityy omits one
further interaction between price setting and the podfahoice that lets the net currency position
of debt assets fall further following financial integratiospecifically, in case; > 1, lower pass-
through reduces the boost in business revenue that follavexehange-rate depreciation and serves
as an automatic hedge against government spending shaoks. fl@ancial integration reduces pass-
through, this hedge is partially replaced by holding fonedgbt. See further explanations in Section
4.2.1.

Note that, by choosing the optimal bond and equity portiglisouseholds can reduce the expected
deviations from efficient risk sharing. For |Ilustrat|verpuses let us assume equal variances of unity
for all shocks: Then the risk-sharing conditigtC — SP*C* rises by 0.5 in thé\B economy after a
unitary shock ta\/ — M* and falls by the same amount after a unitary shoc'teG*. This results

in a variance of this expression of 0.5. However, using atgote for hedging purposes in tiéBE
economy reduces the deviations to 1/3 after unitary shacké+M* andA—A*, as well as -1/3 after

a unitary shock ta@7 — G*. This reduces the variance BIC — SP*C* to 1/3, moving the economies
closer to efficient risk sharing. Note that the signs of thectien of the risk-sharing condition to all
three shocks remain the same in the general case of Se@iandlare in line with empirical evidence,
see Footnote 18.

24n case of equal shock variances across countries, firmstbfdmuntries choose LCP. Pass-through is hence zero in
this case, as easily visible in tie B¥ condition.

ZQualitative results are robust against considering optinteetary policy. For th&lBE case, we obtain the same results
as Corsetti and Pesenti (2015), with an analogous intuifibiat is, there are two equilibria, one with full and one vagto
global pass-through. Note that optimal monetary policylekes monetary policy shocks. Given that only technology an
government spending shocks remain, agents have enougkiéihzstruments to obtain efficient risk sharing, whichoals
prevails in the model of Corsetti and Pesenti (2015). InNBecase, however, our results deviate from Corsetti and Fesent
(2015). Here, agents cannot reach efficient risk sharingeas is only trade in bonds. Optimal monetary policy henceda
a tradeoff between stabilizing markups and achieving effiiisk sharing. Facing this trade-off, monetary autfesimove
the exchange in a way to (partially) stabilize the risk-i;‘rgicondition]/DE’—SﬁB*. This results in a higher exchange-rate
volatility, which induces firms to always follow PCP pricingence, when moving from theB to theNBE case, both with
optimal monetary policy, we move from situation with fullggathrough to one with either full or zero pass-through. As a
result, we obtain either no or a negative change in globdiaxge rate pass-through rates.
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Parameter Value Source

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

o2, .0043% US data

o? .0036% US data

o, .0052% US data

o3 |.0043% x 1.1 Avoiding indet.

0%, .0036% Symmetry

0. .0052% Symmetry

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

Agents hence achieve a stabilization of consumption. Totltise consider Equations (13), which

hold under both financial market structures. Considerirgdifference between consumption under
the two financial market structures and assuming a unitamarvee of all home and foreign shock

disturbances, the relative variability of consumptionhia hominal bond economy is higher, since

Var(@NB _ GNBEY _ (1- iNB)27

for VB = —1/2 (the optimal choice for unitary shock variances). Consumnpis thus less volatile
under more integrated international financial marketspas&holds can hedge consumption risk more
effectively.

In the following, we show that the analytical conclusiongtug section generalize to settings with
more general parameter values.

4.2 Numerical simulations for general calibrations

In the previous section we have concentrated on the modelia implications within a simplified
framework. In this section we generalize the findings byxiala the assumptions about the model’s
structural parameter values. By numerically simulatirgrtiodel for a variety of parameter values we
can show that the result of a decline in the exchange ratetpemsggh and the net currency position
of debt assets remains valid within this more realisticsgttThe simulations use the solution of the
full model in Appendix A.

For the baseline calibration we use parameter values, vmcable, from Devereux et al. (2004).
In particular, we set the trade price elasticity between e&tinally produced and imported goods
to n = 1.5. The coefficient of relative risk aversion js= 1.25.26 Trade openness is calibrated
to a = 0.88, the empirical average for the US over recent decades. TEstiaty of substitution
between varieties is set to= 6, corresponding to a steady-state markup of 20%. To obtdiresa
for the variances of the shocks, we estimate AR(1)-proseksethe quarterly HP-filtered logs of
M2, Government consumption plus investment, and Solowdveds for the US and use identical
values for the foreign countf/. The resulting variances of the error terms resultip = 0.0043%,

2Results are robust to changing these parameters, see Table 4
2’See Appendix B for data sources.

22



Trade in bonds only Trade in bonds and equity

(mutual interdependence) (effects of pass-through)
1 1.5
0.8r g ---------------
- 1r
£06F S
g 0.4r g
S 2 ol
02t 2 0
o
0 : ‘ ‘ -05 : : : :
-0.2 -0.15 -0.1 -0.05 0 0 0.2 0.4 0.6 0.8 1
b Global Pass-Through

Figure 2: Left panel: dependence of global pass-through on net ceyrpasition of debt assets (blue solid
line) and vice versa (red dashed line) in bonds-only casghtRianel: dependence of net currency position of
debt assets (blue solid line) and equity home bias (red ddate on global pass-through in bonds-and-equity
case.

0% = o%. = 0.0052%, ando? = 0%. = 0.0036%. The foreign volatility of the money supply is
set 10% higherg?,. = 0.0047%, such that firms are not indifferent regarding the pricingrency
decision in the bonds-only case, see above. For the follpwénults it does not matter which country
has a higher volatility of the money stock. The calibratissummarized in Table 3. For all of these
values, we conduct robustness checks further below.

4.2.1 Interaction between optimal portfolio choice and glbal exchange rate pass-through

Before investigating the effects of shifting from a bonadyceconomy to a world with bond and eg-
uity trade, we first analyze the interdependence betwedrabfmass-through (i.el, — (2 + 2*)/2)
and bond and equity portfolios for the general case. Spatiifiave investigate the influence of one
variable on the other by fixing different values for the forraad calculating optimal values for the
latter?® The exogenously fixed variable is hence not set optimallgwéhg us to generate a one-
directional dependence.

Trade in bonds only (NB economy)

The left panel of Figure 2 shows this interaction for the modly case. The red dashed line depicts
the dependence of (values on the horizontal axis) on the value of the globakshsough (treated
as exogenous, on the vertical axis). Technically, we repfmms’ decision rules (23) and (24) with
exogenous values farandz*. When varying global pass-through, we start atz* =0 and let first

% increase to unity, after whick* rises from zero to on€ As visible by the positive slope of the red
line, global pass-through has a positive impact on the neeoay position of debt assets. This effect
arises ifn > 1. Under complete LCP, business revenues from foreign sateségse only linearly with
exchange-rate depreciations (foreign prices remain aotjsbut increase in terms of the domestic

ZNote that because the countries have symmetric strucimgsthe value of global-pass through matters for portfolio
allocations. This can be seen by the fact that all relevamiéon feature+z* instead of individual values. Similarly, there
is a unique mapping frorhand¢ to the global pass-through.

2Since only the value of the global pass-through matters ghicedure is without loss of generality.
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currency). If the pass-through increases, however, bssimecome rises overproportionally after
depreciations due to expenditure-switching effects. Tiiseased business income automatically
fulfills some of the hedging properties of the foreign debldimms (against government spending
shocks, that is), such that their amount can be reduced id #lugtuations induced by monetary
policy shocks. See also Equation (A-4) in the appendix, tvkiemonstrates that the optintatises

in the covariance between business revenue and the exctaage

The blue solid line in the left panel of Figure 2 shows optimeds-through (on the vertical axis) if we
set the net currency position of debt assets on the horizaxigexogenously. These values are cal-
culated by replacing Equation (A-10) by exogenous valuds @fe observe that pass-through is zero
for low values ofb. Starting at this point, raisinghas an amplifying effect on exchange-rate volatility,
visible in Equation (31). This is due to the fact that a lomnabfb raises Home’s financial income
(and hence demand) after a depreciation, thereby coutiteydbe depreciation. Thus, increasihg
towards zero letg fall to zero. That is, raising the net currency position obtdassets lets Home
switch from LCP to PCP® This situation, in which both countries price in Home’s emty, remains
an equilibrium for intermediate values. Similar to tNB case, we hence obtain a broader range of a
pass-through of 0.5. The higher the difference in vola&sitof the money supply, the broader is this
range. Further raising increases exchange-rate volatility even more, such that miod more for-
eign exporters switch to PCP. An increasing level of glolzalsgsthrough obtains. Financial autarky is
reached ab=0, yielding a pass-through coefficient of un#yAs visible in the graph, both lines are
increasing functions of their respective arguments. Wainkd unique solution at their intersection
(in this case at a pass-through of 0.5). Also visible is angfeop dependency of the pass-through on
the net currency position of debt assets, while the revegperttience is fairly limited. Specifically,
pass-through changes from absent to complete, dependitige gortfolio choice. The net currency
position of debt assets, in turn, does not reverse its sigiepgendently of the prevailing pass-through.

Trade in bonds and equity (NBE economy)

Figure 2 (right panel) depicts the effects of global passtth (horizontal axis) o and ¢ (both

on the vertical axis) for trade in bonds and equity. As in thads-only case, the decision rules (23)
and (24) were replaced by exogenous values ahd z*. Figure 3 shows how global pass-through
(measured on the vertical axis) dependsbaand ¢ (horizontal axes). Here, the optimal portfolio
choices of Equation (A-20) were replaced by exogenous sdaré and¢. As the global pass-through
now depends on the net currency position of debt assets afmbthe bias in equities, Figure 3 is three-
dimensional. For a better understanding of the figure, densin exogenously set valuegf 1. This
situation corresponds to ttB case, as no equity is traded across countries. Moving alm@tgadxis

in Figure 3 hence yields the same relation betwikand pass-through as depicted by the blue solid
line in the left panel of Figure 2. Financial autarky is reatlat the intersection éf=0 and¢ =1,
with the above discussed conclusions. Because there aygeumappings from pass-through to the
optimal net currency position of debt assets (blue solid Imthe right panel of Figure 2) and the
equity home bias (red dashed line), as well as a unique mgp@gpm each combination of these
parameters to pass-through (Figure 3), we again obtaincuersiolution at their mutual intersection.

30More generally, firms in the country with the lower money-siypvolatility switch first to price in their own currency.
‘Home' refers to this country in the following.

SIThis finding stands in contrast to Devereux and Engel (20@hpse setup is nested in ours. They state that pass-
through can lower than 0.5 under financial autarky i§ sufficiently high. The reason for this differential pretitin lies
in our consideration of government spending shocks: thesease exchange-rate volatility, which induces firms toepri
according to PCP (see Equation 23). Generally speakinggrgment spending shocks shift the blue solid line to the left
increasing pass-through for each levebofRaising the volatility of monetary shocks shifts the lioethe right, as those
shocks induce a positive correlation between marginakscastl the exchange rate, reducing pass-through for eadh leve
of b.
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Figure 3: Bonds and equity case: dependence of global pass-throeglicél axis) on home bias in equity
(left axis) and net currency position of debt assets (rigit)a

Regarding the pricing-decisions of firms, the same patterim aheNB case is visible in Figure 3.
Increasing the value dfinduces first the home country to switch from LCP to PCP (iasimg global
pass-through), followed by a small region of a constant lassigh. Finally, the foreign country
also uses PCP #i rises further, until complete pass-through is reached.kingpat the reaction to
a changingg, the pattern is quite different. Intuitively, intermediatalues ofp stabilize relative
incomes and hence the exchange rate. This lets producess ti@P, while more extreme values
of ¢ induce a high volatility of financial income. By raising exatye-rate volatility, this lets firms
switch to PCP, such that global pass-through incre?ts&¥e can draw similar conclusions as in the
bonds-only case. Financial markets, both in terms of homag ibi bonds and in equity, matter highly
for pass-through. The reverse is not true, according torEiguright panel). While the net currency
position of debt assets varies but stays negative if glohss{phrough changes from zero to one (fol-
lowing the same intuition as in the bonds-only case), theénbias in equity is independent of the
level of pass-through. The value of pass-through has hemlgeadimited feedback to financial mar-
kets. We conclude that financial markets matter quantéitiend qualitatively more for pass-through
than vice versa. Investigating the trade channel of exalaate movements without simultaneously
considering the financial channel thus risks neglectingrggortant determinant of the former.

4.2.2 Equilibrium effects of financial integration

Given that the model cannot be solved analytically for theegal calibration, we resort to numerical
simulations in this section. In particular, we want to explavhether the predictions of a declining
pass-through and a falling net currency position of delbgtass also valid for alternative, plausible
parameter values. The upper-left panel of Table 4 displagdevels and changes of both variables
under the baseline calibration. As explained in more detdlection 4.1, when moving towards trade

32More precisely, for a given intermediate valuebph low level of¢ lets both producers follow PCP. This is represented
by the ‘full pass-through plateau’ in the foreground of thgufie. For increasing values ¢f foreign exporters switch to
LCP first, implying a falling pass-through. Some home firnmyéver, switch to LCP already before all foreign firms have
done so. Home firms are then first to go back to PCP for even higthees of¢, followed by their foreign counterparts
once all home firms use PCP.
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Bassline Calibration 71100 155 210 2.65 3.20 3.75
BT NCD . . . . . . .
NB 0.5 -0.10 0.75 -0.06 -0.08 -0.08 -0.08 -0.06 -0.04
NBE 0.0 -0.25 1.40 -0.13 -0.15 -0.15 -0.15 -0.13 -0.11
A -0.5 -0.15 2.05 -0.19 -0.21 -0.22 -0.22 -0.20 -0.18
Alternative Calibrations 2.70 -0.26 -0.28 -0.29 -0.28 -0.27 -0.25
A PT for all calibrations -05 3.35 -0.33 -0.35 -0.36 -0.35 -0.34 -0.31
A NCD for different calibrations see tables 4.00 -0.40 -0.42 -0.43 -0.42 -0.41 -0.38
2 2
012\4 T 0.24 0.38 0.52 0.66 0.80 0.95 aé 7a 0.26 042 0.57 073 0.88 1.04
0.22 -0.11 -0.13 -0.14 -0.15 -0.12 -0.12 0.26 -0.11 -0.13 -0.14 -0.15 -0.15 -0.15
0.34 -0.13 -0.14 -0.15 -0.15 -0.16 -0.12 0.42 -0.13 -0.14 -0.15 -0.15 -0.15 -0.16
0.47 -0.14 -0.14 -0.15 -0.15 -0.16 -0.16 0.57 -0.14 -0.15 -0.15 -0.15 -0.16 -0.16
0.60 -0.14 -0.15 -0.15 -0.16 -0.16 -0.16 0.73 -0.15 -0.15 -0.15 -0.16 -0.16 -0.16
0.73 -0.15 -0.15 -0.16 -0.16 -0.16 -0.16 0.88 -0.15 -0.15 -0.16 -0.16 -0.16 -0.15
0.86 -0.12 -0.16 -0.16 -0.16 -0.16 -0.17 1.04 -0.15 -0.16 -0.16 -0.16 -0.15 -0.15
2

) i 018 029 040 050 061 0.72 , 0447018 029 040 050 0.61 0.72

94 M, M~
0.18 -0.21 -0.18 -0.17 -0.15 -0.14 -0.13 0.22 -0.15 -0.12 -0.11 -0.10 -0.09 -0.08
0.29 -0.18 -0.17 -0.15 -0.14 -0.13 -0.12 0.34 -0.19 -0.15 -0.13 -0.12 -0.11 -0.10
0.40 -0.17 -0.15 -0.14 -0.13 -0.12 -0.12 0.47 -0.22 -0.17 -0.14 -0.13 -0.11 -0.11
0.50 -0.15 -0.14 -0.13 -0.12 -0.12 -0.11 0.60 -0.23 -0.18 -0.15 -0.13 -0.12 -0.11
0.61 -0.14 -0.13 -0.12 -0.12 -0.11 -0.11 0.73 -0.24 -0.18 -0.15 -0.14 -0.12 -0.11
0.72 -0.13 -0.12 -0.12 -0.11 -0.11 -0.10 0.86 -0.24 -0.19 -0.16 -0.14 -0.12 -0.11

Table 4:Upper left: levels and changes of net currency position &t dssets (NCD) and pass-through (PT)
under baseline calibration. Rest: changes in NGDAF — vV B) for varying parameter values. Parameters
not reported in respective table are kept at their baselhges. All variances were multiplied by* before
reporting for better readability.

in bonds and equity agents can make better use of both instiuior hedging purposes. In particular,
cross-border equity holdings can be used to mitigate thativegside effects of holding foreign debt,
such that more international bonds can be bought to hedgesagpvernment spending (demand)
shocks. Cross-border equity holdings also induce chamgesdtive incomes after productivity dis-
turbance, such that these are now linked to the exchangeXrateonger covariance between marginal
costs and the exchange rate obtains, reducing the optinmlrarof exchange rate pass-throui§ht
the same time a lower pass-through reduces the positivetefdd exchange-rate depreciations on
business income. This reinforces households decisionltbrhore foreign debt to compensate for
this lost automatic hedge against government spendingkshoc

The remaining panels of Table 4 display the changes in theunegncy position of debt assets (NCD)
when switching from a bonds-only economy to internationaricial markets with bonds and equity

33productivity shocks are hence responsible for anotheerifice to Devereux and Engel (2001), additional to the one
discussed in Footnote 31. Considering only monetary shdhky obtain a pass-through coefficient of 0.5 in the case of
complete markets. Allowing for supply disturbances in ancgmplete-market) setting increases the mentioned zowe,
which reduces optimal pass-through to lower values.
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for different values of the key parameters of the model. Tiange in the net currency position of debt
assets corresponds &t 2% — bV B asb denotes the amount of net debt held in domestic currency. We
do not display the change in global exchange-rate pasgghras it falls for all shown combinations
by 0.5 (as stated in the upper-left panel of Table 4). Thislte$rom the fact that one country always
switches from PCP to LCP.

The upper-right panel of Table 4 reports the change in themeency position of debt assets for
different values forp andn. The middle-left panel shows the same statistic for difienalues of
the volatilities of the shocks to the money supply, whilehie middle-right panel the variances of
government spending shocks are altered (always betweéarthldouble the baseline value). The
bottom-left panel of Table 4 displays this change for défervolatilities of the shocks to technology
in both countries. Finally, in the bottom-right panel of Tead we change the volatility of monetary
shocks, set to the reported value at Home and at a 10% higieesitrBioreign, and technology shocks
simultaneously across countries.

Summarizing the information of the tables, increased firsitegration leads to reductions in pass-
through and the net currency position of debt assets, imdkgrely of realistic parameter constella-
tions. Both predictions are in line with the empirical evide in Section 2. Given that financial
integration increased considerably over the recent decdide described mechanism can explain the
observed changes of these variables over time. Specifidadlynodel predicts a plausible reduction
in the net currency position of debt assets by around 10-&¥&p&age points for calibrations close to
the baseline. Also in line with the empirical observatiomssgnted in the right panel of Figure 1, it
implies a negative net currency position of debt assets.t Asa stylized 2-period model, however,
we are mainly interested in the qualitative results follagvfinancial integration.

5 Conclusion

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

The main impact of financial globalization on pass-througitks via the better possibilities to hedge
against specific shocks. Following financial integratiomygeholds hold more foreign debt assets as
the new international equity positions counteract undéesér movements in the return of those debt
assets. Atthe same time, cross-border equity holdingea@serthe correlation between marginal costs
and the exchange rate, as cost reductions change profjteitinternational capital flows and thereby
change international relative demand. Firms react bymicnore in local currency compared to a
world in which only debt is traded internationally. As a rigsaptimal pass-through falls. Finally, a
lower pass-through mitigates the increase in businessnacafter depreciations, which is compen-
sated for by holding even more foreign debt assets. We pgresepirical evidence supporting the
negative effects of gross equity holdings on the net cugr@osition of debt assets and the exchange
rate pass-through, as well as their positive effect on therance between marginal costs and a
depreciated currency. An important policy implication cems the design of monetary unions: if
preceded by financial integration, the effect of the nomixahange rate on relative prices is reduced
because of the lower exchange rate pass-trough. Movingdsvabolishing the nominal exchange
rate altogether is therefore likely to have smaller reakegences.
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Appendix

A Equilibrium of the full model

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

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

o M — M~ - p(PC — SP*C*) ]
ST A i wE i) si0-pl-ag-: 7 &Y

For future use we defin®5, = [p+ (1 —p) (1 —a) (2— 2 — )] " andO©%, = pO%,, such that

S = @ij(]\/i - W) - @%C(fa - Sﬁ*). The equilibrium nominal exchange rate will hence
not only be affected by the relative money supplies but aladhe differences in nominal spending,
PC - Sﬁ*, and by the types of assets traded, as shown below.

A.1 Trade in bonds only

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

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

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

which relates the covariance between excess returns onstiomeminal bonds (glven by nominal
exchange rate dewauonRB = S) and relative nominal consumption expendlturEéJ W*

to the covariance between excess returns on nominal boddbameal exchange ra@ Sp*— P.
Linearizing the period = 1 budget constraints for the home and foreign country (8) akthd
country differences, we get an expression for relative matréonsumption expenditures. In doing so
we take the government budget constraints into consigeratnd assume that the log of government
expenditures is equal to zero in the deterministic steaate sThe relative budget constraint equals

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

where we have used the fact th&f; = B for Sy = 1. b is the equilibrium amount of foreign
bonds we are looking for. Relative sales revenues are defisgtle non-financial returiz Yo" =
REV —SREV™*.

34A more detailed description of the steps taken in the decmatis available from the authors upon request.
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Optimal nominal bond portfolio  Plugging (A-3) into the asset market arbitrage conditior2)A
and rearranging terms we get

o pB. Non hB A _
b= 1 (1 pCOU(RFMNQ) COU(Ran’RFm) + COU(RFZTL’G G )) ) (A-4)

2 p Var(S) Var(S) Var(S)

This expression states that the optimal equilibrium bonldihgs b (i.e., the net currency position
of debt assets) depend on three components: the covarigheedn relative nominal bond returns
(i.e., minus the nominal exchange rate) and the real exeheattg, the covariance between relative
nominal bond returns and relative sales revenues, as wikasovariance between relative nominal
bond returns and relative government expenditures, aljiwted by the variance of relative nominal
bond returns, i.e., the nominal exchange rate.

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

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

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

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

BB, = —05,(M — M*) + 03 (Expin + BN — 050(G — G, (A-5)

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

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

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

Non — Non — Non ~

R%o# @E?n Erpi, + 0,/ i (M — M*) +O¢ el (G_@*)v (A7)
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Non Non Non
where the resulting paramet {irin @ﬁf’i" ,and Gg”" are provided in Table A-1. Combining

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

whereR, =07, (1 - @E%;i) is a scalar aniR, = {— (@MS - @ﬁceﬁfﬁ) , —O%a (1 - Gggﬁﬂ
isal x 2 vector. Now we can write the relative discount factor as

—p(PC — SP*C*) + (1= p) @ = Dy Eapsn + Do[(M — M), (G- G, (A-9)
with Dy = —0P,, (1+ €317 ) being ascalararb, = [0F, — 02,017, 0, (1- 6F )]
al x 2 vector of combinations of structural parameters, wh@fg and ©% are shown in Ta-
ble A-1. Given (A-8) and (A-9), the arbitrage condition (A-@an be written aRYXD’ = 0, where
R =R;H + Ry, H = 2b(1 — 2bR;) 'Ry, andD = D;H + D, arel x 2 vectors.. is the2 x 2
variance-covariance matrix of the exogenous disturbataci® money supply and government spend-
ing. Even though the economies are hit by monetary policyegonent spending, and productivity
shocks, only the first two change aggregate income and mevexitthange rate. Hence, households
cannot and do not need to insure themselves against repmtdeictivity movements across countries.
Solving forb yields

b= [RyED)R] — DiRy SRS “'R,ED} /2. (A-10)

Nominal exchange rate in theNB economy Given the solution to nominal bonds holdings we can
express the nominal exchange rate in Equation (A-1) as
G (1—pOfF) (M — M*) + p@?c(? - G*)7 (A11)

prA—pA-a)2—z—2)
with ©FF and©EC provided in Table A-1. As explained before, the exchange oally transmits
two of the three possible economic disturbances acrosstroesin The impact effect of the shocks
is affected by the equilibrium portfolio holdings éfsince©fF and ©£C depend orb. The fact
that not all disturbances are transmitted via the nominehamge rate has implications for the price-
setting decision of the firms since it directly affects theartance between the nominal exchange rate
and marginal costs of the firm. Consider the linearized warsif marginal costs at Home and For-
eign, Equation (29). Together with equations (13) and (AitLfiollows that the covariance between
marginal costs and the nominal exchange rate can be wristen a

Cov(iie, §) L— Ol Var(3) (A-12)
ov(ime, = — Var , -
p+(1—p)(1-a)2—2—2)
SN 1— p@f/lc =,
Cov(mc™, S) Var(M™), (A-13)

p+(A-p(-a)2-2-7)

respectively. Note that in thB economies only monetary disturbances affect the covaiasia-

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

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

variance of the nominal exchange rate equals

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

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

and monetary policy shocks at home and abroad.

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

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

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

2 —

g

PC — SP*C* =

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

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

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

Non —~ Non .~ Non —~

. Non  ~ ~
RYer = ©pF i Expyy, — 45" (A — A%) + ©F ™ (M — M*) - 045" (G - G*),  (A-17)
ith Ex — B pE RFZ”,IL RS oRFR RESY given i
with Expi! = (2, (26 — 1)] [RE,,, RE;, ] and@LEm @ 7 @ " and©/ " given in Table
A-2. The structural paramete€s}, . and©7, are also 'shown in Table A-2. Financial returns can be
written as

[RE;, RE;) = RiExpin + Ro[(A — A%), (M — M*), (G — G*)/, (A-18)
on on /
with Ry = |05 (1+ opFi ). — (0B +efmmedy) (1+ opE ,)| andRs being a3 x 2

matrix, which is displayed in the next subsection and cosstéine addltional structural parameters
OFfLm ande§ ", given in Table A-2. Finally, the relative discount factauels

—p(PC — SP*C*) + (1 — p) Q = D1 Extpin + Do[(A — A), (M — M*),(G — G")]', (A-19)

- _ RFf’/f i _ oD _oftFd gp RESY
with D; = -8, (1+ 6} being a scalar aniD, = |©8,.0,7", 0f, —eB e,/ o8,
Non
1+ ©pFn )] al x 3 vector of combinations of the structural parameters, wigfeand©?2 ., are

defined in Table A-2. Equations (A-17)-(A-19) allow us to terthe solution to the bond and equity
holding in theNBE economy as

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

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

35Note that the variables of Section A.1 assume differentegln this section.

31



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

o = l+rl-pl-a2-2-2)"

OFc = pO3;

& = 2(1-a)-2(1-n)(1-a)a(2-2-2) 03¢
RNon

Ophm = (1-&)/&

0, " = —[20-n(1-aa2-2-2)063]/4

OFFE = [1-2a-2(1-n)(1—a)a2—7—5)05. —1+2d] /&
on = (1-p[-(l-a)@-2-)6%

0P = pr(l-p)i—(1-a)2—2-) 65

& = 20-a) -2+ (1-n)(-a)a@—7-)]0,

Oy = —{Of 2+ (1 -n(1—a)a(2-2-2")]} /&

oz = [2(1-a)/&

Nominal exchange rate in theNBE economy The solution to the nominal exchange can be derived
from the above. Given the relative budget constraint of Bbakls (A-16) and plugging in equations
(A-17)-(A-20), we can write the difference in nominal spemgdas

PC — SP*C* = ©KC(A — A*) + ©FC (M — M*) + ©LC (G — G*). (A-21)
Substituting this back into Equation (A-1) gives
(1= pOPC) (M — M*) — pORC(A — A*) — pOEC (G — G
prA-—pA-a)2—z-2)

with ©4¢, ©F¢ and©EC displayed in Table A-2. In contrast to tiNB economy, the exchange rate
transmits all three economic disturbances across coantéAgain, the equilibrium outcome of the
nominal exchange rate depends on the equilibrium portflimcation of bonds), and equitiesgp.
From (29) and (A-22) it follows that the covariance betweeargmal costs and the nominal exchange
rate in theNBE economies can be written as

(e G — (1—pOfF) Var(]\/J\) + p@ﬁCVar(g)

Cortmess) = - ae -

(1- p@f/fc) Var(]\?*) + p@iCVar(A\*)
p+(l=p)(l-a)2-2-2)

Cov(me*,5) = —
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Table A-2:Structural coefficients of the NBE economies.

&3

RNon

@ Fin

EmF’in

RS
®M

Yo
®G

Rp;
Opc”

3
ohe
ore

PC
®G

(5~ [20-1+p—{p—(1-a)E+2 + (@22 (2a(l—n)~ 1+ 05c])

1= Pt p— 1 {p— (L) [+ 5 + (2= 5~ 2) (2a(l 1) + p— 1]} O]
20— 14p—{p—(1—a)E+5+(2—2—2)(2a(1—n) — 1+ p)]} 03] /&
iy (l—a)[F+ 5+ (27— ) (2a(1—n) — (1 - p))]} O5,/&

Sl {p—(1-a)[F+7+(2-2—7) (21 —n) — 1+ )]} 03} /&3

[1—2a+ (0 —1)p]o?

[(c-D{0-a)[z+2"-(2-2-2")(1—p—2a(1—n))]—p} -
20a(1—a)(1—n)(2—2—2%)]c"!

1+ (20— 1) (O + 0765 ) — 2005~
ZAla+(1-a)f+2-1+(2-2-7)(2a(l—n)+p— 1]} O}

2(1-¢)7 /&
{”T_l {(p—Q-a) [+ +(2-2-2)(2a(1—n) - (1—-p)]} — (1 -20)05"" — Qb} 03,/

(20 — 1) =22 + =1 (1 —2a) + 1] /&

All shocks that affect marginal costs now also impact the inairexchange rate. Thus, the covariance
between marginal costs and the nominal exchange rate iswhoaffected by monetary disturbances,
as in theNB economy, but also by productivity disturbances. The sigimigfcovariance relationship,
however, will depend on the equilibrium bond holdingas well as the equilibrium equity position
¢. Since all shocks are uncorrelated, the variance of the marekchange rate in tidéBE economy
equals

(1— pQJJ\D/Ic)2 Var(M + M*) + (p@SC)ZVar(@ +G*)
o+ (1—p)(1—a)(2—2— 2
(p05°)? Var(A + A%)
o+ (1=p)(1—a)(2—2—2)"

Var(5) =
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A.3 Coefficients of the full model

Table A-1 provides the coefficients for the case of trade minal bonds only, while Table A-2 lists
the coefficients for economies in which bonds and equityraced.
The matrixR» for the bond and equity case is given by
020, (QPZ‘ + 65" @15—;0) 0, + 72
RNg)n . . . RNg)n
R, = _@L]S\”/I + @%C@Mﬁn ’ @?an@»]s\;[ o (@ggm + @?Fm@§0> @MFm

Non Non
_@}S‘)C (1 + @gFin) 7 (@]R;Em + @gF’L"!L(,_)%C) (1 + @gFin) _ 1-2a

o

B Data appendix

B.1 Data sources

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

e Lane and Shambaugh (2010): debt assets in domestic cu¥ent:DP, 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 below).

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).

¢ International Financial Statistics from the IMF: exporfgoods and services, imports of goods
and services (both in national currencies), official or rearxxchange rates (to convert into
US$), nominal effective exchange rate (linearly detrepd€dPIl, and population. Inflation is
calculated based on CPI and is linearly detrended.

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

e OECD Main Economic Indicators: M2. OECD Economic Outlook @GV: Government fi-
nal consumption expenditure, volume; IGV: Government gifoed capital formation, volume;
GDPV: Gross domestic product, volume, market prices; ETalflemployment; HRS: Hours
worked per employee, total economy; from 1970Q1 until 204,28) for the calculation of the
shock variances. OECD Quarterly National Accounts: Coragion of employees at CQRS
(national currency, current prices, quarterly levelsseeally adjusted); GDP (expenditure ap-
proach) at CQRS; GDP (expenditure approach) at DOBSA (efl&IECD reference year,
seasonally adjusted); all for the calculation of unit lalbosts (ULC). Unit labor costs were
derived by dividing compensation of employees by real GDd#trinal GDP divided by GDP
deflator) and are linearly detrended. Data on compensafi@mployees for Brazil, Israel,
Turkey, and South Africa obtained from Haver Analytics,iwiarying starting dates.

e Kamps (2006): percentage of export goods priced in homeoyr see her Table Al.
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Table B-1: Countries used in the regressions of Section 2.

United States El Salvador Pakistan Tunisia
Austria* Guatemala Philippines Uganda
Denmark* Haiti Thailand Burkina Faso
France* Honduras Vietham Fiji
Germany* Mexico Algeria Papua New Guinea
Italy* Nicaragua Botswana Armenia
Netherlands Paraguay Cameroon Azerbaijan
Norway* Peru Chad Belarus
Swederf Uruguay Congo, Republic of Albania
Canada* Venezuela, Rep. Bol. Benin Georgia
Japan* Jamaica Equatorial Guinea  Kazakhstan
Finland* Trinidad and Tobago Ethiopia Kyrgyz Republic
Greece* Iran, Islamic Republic of Gabon Moldova
Iceland Israef Ghana Russia
Ireland Jordan Guinea China,P.R.: Mainland
Portugal * Oman Cote d'lvoire Ukraine
Spain* Syrian Arab Republic Kenya Czech Republic*
Turkey Egypt Madagascar Slovak Republic
Australia* Yemen, Republic of Malawi Estonia
New Zealand Bangladesh Mali Latvia
South Africa* Cambodia Morocco Hungary*
Argentina Sri Lanka Mozambique Lithuania
Bolivia India Niger Croatia
Brazil Indonesia Nigeria Slovenia
Chile Korea Rwanda Macedonia
Colombia Malaysia Senegal Bosnia and Herzegovina
Dominican Republic Nepal Tanzania Poland*

Togo Romania

Countries are ordered according to their IFS code. Counfolewhich data on unit labor costs and the nominal exchange
rate is available and which were hence used in the regressibfiable 2, columns (1)-(2), are marked by an asterisk.
Countries for which the pricing currency of exports is aahié and which were hence used in the regressions of Table 2,
columns (3)-(6), are written in italics. Countries for wihidata on the export pass-through is available in Choudltti an
Hakura (2015) and which were hence used in the regressiofabté 2, columns (7)-(8), are written in bold.

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

The time period for our regressions, 1990-2004, is dictatethe length of the series in Lane and
Shambaugh (2010) and Kamps (2006).
B.2 Data selection

The financial variables (sum of assets plus liabilities affotio equity and FDI over GDP, net foreign
assets over GDP, total debt over GDP) feature some outlitusse are mainly financial centers such
as Hong Kong, Switzerland etc. and some developing cognirin extraordinary large and negative
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Table B-2: Summary statistics of variables used in Section 2

Count Mean Var Min Max
NCD/GDP 1414 0.28 0.15 -1.05 2.48
NCD/Debt 1414 0.30 0.24 -3.61 3.31
(Eq. & FDI)/GDP 1421 0.30 0.07 0.00 1.36
NFA/GDP 1421 -0.47 0.17 -2.33 0.84
log(Gross Debt) 1421 0.79 0.17 0.15 2.38
Chinn-lto 1396 0.12 2.16 -1.86 2.46
Openness 1382 0.70 0.15 0.14 3.50
Net Exp. 1382 -0.04 0.01 -0.73 0.55
log(GDP/Pop.) 1421 7.54 2.30 4.28 10.65
log(Pop.) 1421 2.64 2.24 -1.37 7.17
Inflation 1297 0.02 0.00 -0.05 1.11
Inflation Vol. 1252 0.00 0.00 0.00 0.36
Exch. Rate \Vol. 809 1.09 2.16 0.00 7.68
ULC Vol. 200 0.00 0.00 0.00 0.14
Cov ULC/EER 196 -0.00 0.00 -0.04 0.03
PCP 88 0.19 0.04 0.00 0.63
PCP+VCP 63 0.94 0.00 0.81 0.98
PT 34 0.65 0.08 -0.18 1.05

See explanations below tables 1 and 2 for description ohlbas.

net foreign assets. As large parts of the financial centesséta do most likely not represent asset
holdings of their own inhabitants (as assumed in our modledy are not subject of our analysis.
In developing countries with large debt, the currency dguosition of net foreign asset reflects most
probably choices taken by donor countries instead of opfimifolio decisions of inhabitants. Using
different ways to remove outliers give similar results. Ve uhe multivariate technique to detect
outliers proposed in Hadi (1992, 1994) with a significancgell®f 0.05 (the results are robust to
changes in this value). Alternatively, removing obsenvadi above the 90% percentile of the sum of
NCD/GDP and gross debt yields very similar results. Furtitee, we have eliminated countries that,
according to llzetzki et al. (2017), have no separate legadér in all regressions.

Table B-1 lists the countries which we employed in the regjoes of Section 2, Table B-2 summarizes
the used variables, while Table B-3 displays their corieahet
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Table B-3: Correlations of variables used in Section 2.

NCD NCD Egq. NFA GD CI Open. NX GDP Pop. INF IFV ERV ULV Cov PCP PCI
/IGDP [/Debt +FDI /IGDP /Pop. +VCP
NCD/GDP 1.00
NCD/Debt 0.77 1.00
Eq.+FDI  -0.18 -0.21 1.00

NFA -0.84 -0.59 -0.15 1.00

GD 0.56 0.20 0.13 -0.57 1.00

Cl -0.29 -0.27 0.34 0.22 0.14 1.00
Open. -0.05 -0.18 0.27 -0.16 0.14 -0.06 1.00

NX/GDP -0.25 -0.23 0.22 0.23 -0.14 0.03 0.10 1.00
GDP/Pop. -0.48 -0.40 0.40 045 -0.06 056 0.03 0.39 1.00

Pop. -0.11 0.05 -0.15 0.20 -0.16 -0.12 -0.38 0.11 -0.10 1.00

INF 0.08 0.06 -0.20 0.00 -0.02 -0.20 -0.08 0.01 -0.11 0.0601.0

IFV 0.03 0.04 -0.10 0.02 -0.03 -0.10 -0.09 0.02 -0.01 0.06 30.5.00

ERV 0.02 0.02 0.03 -0.04 0.09 0.02 -0.03 -0.02 -0.02 -0.0610.02.01 1.00

ULCV 0.24 040 -0.26 -0.09 -0.19 -0.44 -0.03 0.02 -0.34 0.07870 0.77 -0.14 1.00

Cov -0.04 0.01 0.05 -0.05 0.10 0.03 -0.06 -0.02 -0.04 0.0980.0.01 -0.11 0.10 1.00

PCP -0.63 -0.63 045 041 066 0.58 -0.52 -0.18 0.81 0.033-0(B25 0.30 -0.34 0.28 1.00
PCP+VCP -0.00 -0.00 0.25 -0.08 0.06 0.29 -0.38 -0.18 0.420-00.10 -0.03 0.32 -0.50 -0.21 0.26 1.0
PT -0.00 -0.10 -0.09 -0.00 0.17 -0.04 0.02 -0.00 -0.02 -0.08900.13 0.14 0.22 -0.10 0.15 -0.4:

NCD/GDP=net currency position of debt assets (net debt medtic currency minus net debt in foreign currencies) ovBPGNCD/Debt=net currency
position of debt assets over sum of debt assets and liabiliig. & FDI=sum of equity assets and liabilities plus surfrdf assets and liabilities over GDP,
NFA=net foreign assets over GDP, GD=log of sum of debt asseddiabilities, Cl=index of financial openness from Chimddto (2006), Open.=Sum of
imports and exports over GDP, NX/GDP=net exports over G op.=log of GDP over population, Pop.=log of populatidt-=Inflation, IFV=variance

of quarterly inflation in the three preceding years, ERV#amge of quarterly nominal effective exchange rate in thedlpreceding years, ULV=variance
of unit labor costs in the three preceding years, Cov=camag between unit labor costs and nominal effective ex@haaig in the three preceding years

PCP=share of exports set in home currency, PCP+VCP=shasgofts set in home currency, US dollar or euro, PT=exchaagepass-through into export
prices.
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