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Abstract

This paper provides an explanation for the observed deolirexchange rate pass-through
into import prices by modeling the effects of financial markgegration on the optimal choice
of the pricing currency in the context of rigid nominal goqaitces. Contrary to previous litera-
ture, the interdependence of this choice with an optimatfplim choice of internationally traded
financial assets is explicitly taken into account. In paific, price setters move towards more
local-currency pricing while the debt portfolio include®ra foreign assets following increased
financial integration. Both predictions are in line with mbempirical evidence.
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1 Introduction

What drives the observed decline in exchange rate passghrover time? This paper aims to
reassess this question. We show that international finamtegration, measured by the number
and nature of available assets, affects the internatioordiotio compositions of domestic relative to
foreign bonds and equities, and thereby the exchange ragetheugh. We present novel empirical
observations over the time period 1990 to 2010 showing tha@ease in equity trade is positively
associated with a decline in the holding of domestic redatiivforeign debt positions (which we call
a fall in debt home bias), lower exchange-rate volatilityd @ smaller degree of exchange rate pass-
through.

Trade in equity has increased considerably over the re@madds. The left panel of figure 1 shows
the sum of portfolio equity assets and liabilities plus thensof foreign direct investment assets and
liabilities over GDP (blue solid line), as reported in thedafed and extended version of the data set
constructed by Lane and Milesi-Ferretti (2007), over theetperiod 1990 to 2010 for a broad set of
countries? As visible, trade of equity has grown impressively relatoesDP post 1987, the start of
the "financial globalization period” (see Kose et al., 2QG& well as relative to total debt assets and
liabilities pictured by the black dashed line in the samegpariThe empirical evidence thus shows
a trend towards holding foreign equity, such that domesiengs benefit from an improvement of
economic conditions abroad.

At the same time, relative holdings of debt positions in dsticerelative to foreign currencies have
declined internationally. In the right panel of figure 1, wetfihe net debt in domestic currency less
net debt in foreign currency over GDP (blue solid line) andrdetal debt assets and liabilities (black
dashed line), for the same country group as above. Hencesntipirical evidence shows a trend
towards holding debt in foreign currency, such that dormesgients benefit from an appreciation
of their own currency. Similarly, Bertaut and Griever (2D@bcument an increase in the portfolio
weights offoreign long-term debt between 1997 until 2001 for Australia, Derimthe Euro Area,
the United Kingdom, and Sweden.

Based on these observations, we develop a two-countryastictgeneral equilibrium model of opti-
mal portfolio choice and endogenous pricing currencieshitivwe analyze the relationship between
the exchange rate pass-through and international finaintégration in detail. In particular, starting
from a world with trade in nominal bonds only, we add the pa$ir of trade in equity. The possi-
bility for households to trade not only in nominal bonds Heban equities is interpreted as increased
international financial market integrati6nThe expanded set of tradeable financial assets by equity

'For example, lhrig et al. (2006) report a statistically #figant decline in the average exchange rate pass-through be
tween 1975-1989 and 1990-2004 in the G-7 countries. Maezgi (2005) and Otani et al. (2003) have established simila
results concentrating on the U.S. and Japan, respecti®alypa et al. (2005)’s study of cross-country trade betwédb E
and non-EMU countries suggests also a decline in the exehaaig pass-through in a majority of countries. Also Inter-
national Monetary Fund (2006b) shows a considerable fagtask-through to import prices for Canada, France, Germany,
Italy, Japan, the UK, and the US from 1975-89 to 1990-2002nkel et al. (2005) and International Monetary Fund (2006a)
document a particular strong decline for emerging econsntitM Customs and Excise (2001) reports a reduction of the
share of UK imports priced in pound sterling between 1999243@P by 18 per cent.See also Taylor (2000) and Campa and
Goldberg (2002).

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

SArguably, falling transaction costs and reduced inforoval frictions have triggered this development and have in-
creased the possibilities of countries to hedge againssydicratic risk by changing relative portfolio weights aihdestic
to foreign equity. This is particularly relevant for couats that started with less developed financial markets.

“Thus, the degree of international financial integration é&asured by the amount of financial instruments available to
insure against different types of risk. Kose et al. (200@juarthat this quantity-based measure is best suited toreaptu
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Figure 1: Sum of portfolio equity and FDI assets and liabilities oveédR5(left, blue solid line) and divided
by sum of debt assets and liabilities (left, black dasheé)jimaverage debt home bias over total debt (right,
blue solid line) and divided by sum of debt assets and ligdsli(right, black dashed line). Sources: Lane and
Milesi-Ferretti (2007) and Lane and Shambaugh (2010).

allows agents in both countries to hedge more effectivagulting in an increase of international
trade in equity. Using both assets, in turn, frees debt fromesof its burden to hedge against all
shocks present in the economy. A fall in the home bias of atiional debt holdings obtains.

The re-balancing of optimal international cross-coungyed holdings does not come without an effect
on other variables in our general equilibrium model, esgdgcthe nominal exchange rate. Since the
nominal exchange rate is the key variable when firms decidardeset their export price in their
own currency (full exchange rate pass-through) or in thallearrency (incomplete exchange rate
pass-through), financial market deepening will also affeetfirms export pricing decision. When
deciding to sell the export good in their own or local curgefioms compare their expected profits.
As prices are pre-set the expected domestic revenues ameck, grofits increase one-to-one with a
nominal exchange rate depreciation when selling in thd mgaency while exchange rate movements
would not induce any changes in the cost of producing theréxjmd. In contrast, when selling in
their own currency, domestic revenues increase over ptiopatly with a depreciation of the nominal
exchange rate due to the expenditure switching effect, lwievails in the case of full exchange rate
pass-through. However, firms would have to meet the higherade at the given price and have
to adjust their labor inputs. This requires adjustments argimal costs which increases expected
total costs of firms. Exporting firms take this into accounewlileciding to set their export prices in
their own or in local currency. Better hedging possibititida deeper international financial markets
stabilize countries’ nominal spending and lead to less quoned swings in the nominal exchange
rate. Consequently, the positive effect exchange rate mem&s have on the firms expected revenue
is mitigated. At the same time the deepening of internatifinancial markets leads to a stronger
correlation between exchange rate movements and expexdesd Both aspects induce firms to switch
to local-currency pricing, as discussed in Devereux et28l04)°> Consequently, when international

financial integration internationally.

5In a previous version, Devereux and Engel (2004) find thatichivig from a bond-only international financial market to
a complete set of state-contingent assets increases tloetanpe of relative instead of absolute monetary stalfiityrice
setting. As their model features only monetary disturbaraga source of fluctuations and does not endogenize optimal
portfolio decisions, we see our paper as complementanyilélyyour analysis adds to the insights of Engel and Maistam



financial markets are more integrated the exchange ratelpagsgh declines.

Despite the importance of the exchange rate pass-troughetiarer and optimal monetary policy, as
well as the creation of a monetary union there have beervellafew explanations put forward in
explaining the decline of the exchange rate pass-thrBuglr example, Taylor (2000) argues that
in (increasingly prevailing) low-inflation environmentset persistence of inflation is lower, which
also reduces the persistence of cost changes and the issettdichange prices after exchange-rate
movements. Campa and Goldberg (2005) confirm the negativelation between lower inflation
rates and lower pass-through, but attribute this to the shiimports towards goods that exhibit a
lower degree of pass-through. Our explanation that thmfa#ixchange rate-pass-through is affected
by the increased international financial integration dasscontradict the above hypotheses and can
indeed be one of several important factors explaining tlirgein the exchange rate pass-through.
By modeling this link, we combine two separate strands efditure. On the one hand, the above
mentioned theoretical papers deal with the determinantsedffiects of local-currency pricing vs.
producer-currency pricing, while the optimal internatibportfolio choice is subject of a distinct body
of literature. Most importantly, we use the method devetbpg Devereux and Sutherland (2011) to
solve for the optimal composition of each country’s debt andity portfolio in terms of currency
denomination The insights obtained within this paper mightparticularly important for groups of
countries that move towards a currency union. The precdiiagcial market integration can reduce
exchange rate pass-through, lowering the costs of givintheipominal exchange rate as a channel of
adjustment after idiosyncratic shocks, see also Engel0)2@0d Devereux and Engel (2003). To the
best of our knowledge, this aspect of the endogeneity ofrapti-currency-area criteria has not been
explored so far.

The remainder of this paper is organized as follows. Se@idescribes our theoretical framework.
Section A lays out the optimal portfolio choice under al&ive assumption regarding financial mar-
kets, while section 3 describes the results regarding ttegaction between international financial
markets and the pricing currency choice. In section 4 we igeoempirical evidence on the link
between international financial integration and the ineeeia debt home bias, falling exchange-rate
volatility, and the decline in the exchange rate pass-tjinoisection 5 concludes. In appendix A we
solve the model for unrestricted parameter values, whipeeagix C lists the sources for all data used
throughout the paper.

2 The Model

Having obtained some empirical indications for the impac&of international equity trade in relation
to debt holdings for explaining the decline in the excharage pass-through, we now present a formal
analysis of the effects of international asset trade on Xohange rate pass-through. The analysis
builds on Devereux and Engel (2003) and similar models. Oodehwill be able to confirm the

(2009), who show that an explicit exchange-rate insuraaceirnduce the same allocation as trade in a complete-markets
setup. In our model with more shocks, bond and equity hokdsggve as imperfect substitutes for such a insurance.

50bstfeld and Rogoff (2000) have shown that with full exchenate pass-through it is not desirable for countries to
target the nominal exchange rate in terms of welfare. A fhga¢ixchange rate allows for the adjustment of relative price
and helps to stabilize output and other macroeconomic hlasan response of an external shock. However, if exchange
rate pass-through is incomplete the exchange rate becameslpss to alter relative prices and, hence, the shocklaibgo
mechanism of a floating exchange rate evaporates (DeverelEmgel, 2003). An important consequence is that under
these assumptions countries should adopt a monetary mwieyted at minimizing exchange rate fluctuations to improv
welfare. Other studies showing the importance of pasaitiiranclude Betts and Devereux (1996, 2000), Engel (2001@), a
Obstfeld and Rogoff (2002).



empirical findings by allowing for both, an endogenous miidf choice by households and optimal
price-setting behavior by firms.

In a stochastic two-country world, agents of the hofie,and foreign,F', country produce traded
goods. Both countries are of the same size and its inhabitaetindexed by numbers in the interval
[0,1]. Home agents consume a continuundfifferentiated home and foreign goods. Each house-
hold provides labor supply to the domestic monopolistic $irnMonopolistic firms set their prices
prior to the realization of aggregate technology distudesn monetary policy shocks and demand
disturbances, induced by the fiscal authority in each cguithey meet the demand at the pre-set
price. Foreign country conditions, indicated by an adtease 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 mabeftseany shocks occur in the economies.
Two different international financial asset markets aresssd. Households can either endogenously
choose the amount of wealth they like to invest in home angidornominal bonds, or in either home
and foreign nominal bonds as well as equities (i.e., claimthe future profits of foreign firms). Mov-
ing from an asset market where only nominal bonds are tramealrtls financial markets where both
nominal bonds and equities are held is interpreted as mtiermal financial market integration. After
asset trade has taken place firms decide whether to set thesepprice of export goods either in their
own currency (i.e., producer-currency pricing, PCP) othia ¢urrency of the importing country (i.e.,
local-currency pricing, LCP). In period= 1 households decide about money balances, consumption,
and labor supply, while firms produce and sell goods that wmess demand, once uncertainty is
resolved.

Preferences Expected utility of the representative household is ingirenin the aggregate con-
sumption indexC' (7), real balanced\/(i)/P and decreasing in the disutility of work effaft(s) in
period1:
, C@i)l—r -1 M (i) L(i)?
=F) | —f—— 1 - K

U(i) = Eo | —=— S txln—p .
The expectation operator across states of natures in peded given datet = 0 information is
denoted byF,. The parametep > 0 is the degree of relative risk aversiana> 1 is the inverse of the
elasticity of labor supply whileg and K are strictly positive parameters. Total labor supply) of
householdi is distributed across monopolistic firms in the traded goods sectbf;i) = fol L(z)dz.
The consumption index is a composite of domestic goods aodsgproduced abroad,

(1)

. 1 = 1 A - 1-n\ T=7
C (i) = (anC’H(z) T+ (1—a)n Cr (i) ) with P = (aPH "4 (1-a)Pk ") (@)
reflecting the home consumer price index. The elasticityubgstution
between home and foreign googls> 0 captures the sensitivity of the allocation between home and
foreign goods with respect to relative price changes.For 1, home and foreign goods are substi-
tutes. The parameter= 1 — n/2 measures the overall share of home goods in the home consump-
tion basket (see Sutherland, 2005). Trade openness is redasyithe parametdr < n < 1. This
formulation accounts for the empirical consumption biagaials tradable goods produced locally.
Households give a higher weight to local than to foreign godd case of complete trade openness
(n=1), there is no home bias in consumption and domestic as wédiragn households consume
equal shares of home and foreign goods. In case ef0, both countries are completely closed.
Consumption of home and foreign goods are each a conststtedtly-of-substitution bundle of dif-
ferentiated products, with > 1 reflecting the elasticity of substitution between diffdrated goods.



All home goods sold domestically by local firms are pricedomestic currency, resulting in the bun-
dleCyr (i) =( [ C(i,z) = dz)7"7, with the corresponding price inde%,=( [ P (2)'~7dz) ™.
Imports can be priced either in the consumer’s (LCP) or exupfirm’s (PCP) currency. Itis assumed
that the fractionz (z*) of firms in home (foreign) country exhibits LCP, and the rémray fraction
1—z (1 - z%)isengaged in PCP, so that

1

1 o1 2* 1 T
Cr(i) = (/0 C’F(i,z)aaldz> and Pp= (/0 Pr(2)%dz + /* (SP};(z))l_Udz> .
®3)

The nominal exchange rate reflects the home currency price of the foreign currency. légaus
conditions hold for the foreign country.

International financial markets and budget constraints We assume different international finan-
cial market structures reflecting an ongoing process ofriterniational financial market integration
and financial market deepening. In perioé 0 international asset trade may take place in nominal
bonds (NB) or in nominal bonds and equity shares (NBE). Mg¥iom a financial market where only
nominal bonds are traded towards financial markets whetelmid and equity trade takes place is
interpreted as increasing international financial intégna Thus, the degree of international financial
integration is measured by the amount of financial instrumerailable to insure against different
types of risk.

Trade in bonds only
When international financial markets are less integratedagssumed that there is only trade in home
and foreign nominal bonds in perige= 0. Bonds are in zero net supply in each period such that

By + By =0andBr + By =0, (4)

where By (Br) are domestic (foreign) nominal bonds held by domestic @balsls and57; (B7)
are domestic bonds held by foreign consumers. Home bondieamminated in home currency and
foreign bonds in foreign currency. Furthermore, we assuraethe initial and final net foreign asset
positions in both countries are zero so that

By = —5¢Br andB}} = —S()B}k:,

when expressed in countif currency units. If a country goes short in its own bonfg; < 0
(B} < 0), this implies that this countryi/ (F), holds a positive position of foreign bondsz (B7;).
Using (4) this can be written as

B;} = SoBr andBy = S(]B;;

We can thus express both bondsias- By = SoBj.. B < 0 then implies that country? borrows in
domestic currency and lends in foreign currentlywould in this case benefit from a depreciation of
its currency. At time =0 the home householdfaces the following budget constraint

pBH — ppSoBr = 0. (5)

Due to the initial symmetry, the foreign budget constraint & 0 can be written asppSyBj; +
ppSoBr = —pBy + ppSoBr = 0. Furthermore, the price for bonds is initially identicaldan

5



So = 1. Consequentlypp = pp holds. In periodt = 1 the representative household derives its
income by supplying labor at the nominal wage rate, recgiviominal profits from domestic firms
and returns from bond holdings determined in the previou®ge Turning to the expenditure side,
the household consumes, holds moidéyand pays lump-sum tax@s The budget constraints of the
representative households in countriésand F' in periodt =1 are then given by

I+ By —SBr+WL = PC+M—My+T, (6)
SI* — By + SBy + SW*L* = SP*C*+S(M* - M; +T%), (")

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

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

where\ = C;” is the Lagrange multiplier associated with the peried 1 budget constraint. Due
to the initial symmetrypp = p3. The marginal benefits of both types of assets have to be egual i
expected terms, if expressed in the same currency. Henedoltbwing equation defines the asset

market equilibrium conditions at home and abroad,

load load C*—P C*—P
Ey <—P ) = Fy <—P S) andEo <—SP* > = Fy ( Sp- S> s (8)
expressed i currency units. Note that due to the zero net foreign assstipas, either no or both
bonds will be held, such that the Euler equations have to feoldoth bonds.

Trade in bonds and equity
If financial markets are integrated, two types of financiskets are traded, bonds and equities. The
home agent then faces the following additional budget caimétat timet =0:

¢pE + (1 — ¢) Spk = pE, (9)

wherepg (p%;) is the price for a home (foreign) equity share ah@l — ¢) is the optimal amount
of home (foreign) shares purchased by domestic consumaessUpply of each share is normalized
to unity. Due to the initial symmetry, the foreign budget swaint att = 0 can be written as(1 —
¢)pE + ¢Spr = Spe. Consequentlypr = Sp}, holds. Initially, households fully own their local
firms and the net foreign asset position is zero. Combiniegbtidget constraints for trade in bonds
(5) and in equities (9), we derive the relevant budget cairgtin the NBE economy at timie=0:

peBr — SoppBr + ¢pE + (1 — ¢) Sop; = pE- (10)

In periodt =1 the budget constraints of the representative consumeisuinttes 7 and £ are then
given by

S+ (1 — ¢) SII* + By — SBp+ WL = PC+M—M_+T, (11)
¢SII* + (1 — ¢) Il — By + SBj- + SW*L* = SP*C*+ 8 (M*—M*, +1T%),

where the households derive their financial income fromihgldominal bonds and receiving nominal
profits from domestic and foreign firms according to the ant®ohshares determined in the previous



period. Forp > 0.5 we have a home bias in equity holdings. For trade in equitesEuler equations
with respect to equity shares equalize the marginal codtsiyihg an additional unit of firms profits
in periodt=0 to the marginal gains in periad=1. They are given by

AopE = Eo (MI), Aope = Eo (ASTIY).

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

cr cr . cxr N (O
Ey <?H> = E, <?SH ) andE, (SP* H> = E, ( o5 o1 > : (12)

which define the asset market equilibrium condition at honteabroad.

Fiscal and monetary authorities The home government finances its consumption spending by
means of taxes and seigniorage. Its budget constraintefdak= T + M — M_1, whereT' denotes
lump-sum taxes. It is assumed that total government experdr is a random demand shift with a
mean value of?_; (G) = 0 and a finite varianc& ar(G). A similar expression holds for the foreign
country. We assume that home and foreign government spgistimcks are uncorrelated. Further-
more, the money supply in each country has a mean value ofizerd®_, (M) = E_1 (M*) =0

and a finite varianc® ar (M) andVar(M™*), where the home and foreign monetary disturbances are
uncorrelated.

2.1 First-order conditions

The above described setup gives rise to a number of first@alditions. In particular the con-
sumption Euler equations will depend on the assumed ass#etrgtructure, i.e., the number of
internationally traded financial assets.

Money demand and labor supply In period: =1 the representative consumer maximizes her utility
(1) with respect to consumption, money balances, and wdoktefubject to the budget constraint (6)
or (11). The first-order conditions associated with moneldings and the labor supply decision
imply )

% = xC”* and% = %, (13)
respectively. The first-order condition associated with lbor supply decision implies that the
marginal rate of substitution between consumption andifeiss equal to their relative price. As
in Devereux and Engel (2004)we assume in the following that 1, which implies an infinite wage
elasticity of labor supply. The foreign country has simfiest-order conditions.

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

and abroad Ly L v

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

(14)



M [ PC \?[/SP*\'"
s-1(spe) (7)) (15

The nominal exchange rate will be affected by the underlintgynational financial market integration
since differences in nominal spendir%, depend on the amount of assets to be traded, as shown
by equations (6) and (11).

Demand for goods Domestic demand for home and foreign goods depends on ttaet@mporal
budget constraint
PC(i) = PHCH(i) + PFCF(i).

Maximizing (2) subject to the intra-temporal budget coaisitr leads to the following demand func-
tions for home and foreign goods

Py

P P

Cr (i) :a< >_nC(i) and Cp(i) = (1 —a) <@>_n0(z‘), (16)

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

PLCP i
Cr(i,z) = (FTF(Z)> Cr(7) forz=0,..., 2%,
PPCP g
Cp(i,z) = <SFP7F(Z)> Cr(i) forz=2% .., 1. a7

Analogous demand functions apply for the foreign countrize overnment in each country con-
sumes constant shares of local and foreign products, sttt home government demand for
differentiated goods takes the same form as for the privateashd functions (16) and (177 =
a(Py/P)""G andGr = (1 —a) (Pr/P) " G. Consequently, the individual government demand
function are the same as in (17) and also hold for the foreaymtry.

Profits and Firms’ price setting decision Firms produce differentiated goods under monopolistic
competition and hire labat at the nominal wage raté’. In ¢ =0 firms set their prices by maximizing
expected profits from sales in=1 and decide in which currency the prices of the export googie ha
to be set. The production function is given by

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

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

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

o (1) (32)"].

Profits are discounted with the discount faciosince firms are owned by domestic households and
future profits from production will be evaluated accordingtie household’s marginal utility of con-
sumptiond = C~*/P. D denotes a home demand variable which consists of priyate ¢)C) and

Ey () = Ey

8



state (1 — a)G) consumption and is independent of pridedarginal costs are equal to

me = . (18)

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

o mcCryd
o—1 "Ey(Cpd’

Py(z) =

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

in local currency can be written as

P*LCP -0 Px\ 1
Ey (WLCP) = FEod (SP}}LCP(z) — mc) <H7(z)> < H> D*. (19)
Py P
The profit-maximizing price for local-currency pricing fists P;““¥ (z) = -2 EymcZ* | Eo(SZ*),
for z =0, ..., z, with Z* = dP;;y " P*'D*. Using this solution, the expected discounted profits from
export sales in the local currency are

Eo (n"F) = 6 (EySZ*)" (BgmeZ*)' ™7, (20)

wheres = 1/(c —1)(c/(c — 1))~7. The first term of the right-hand side of equation (20) refi¢lce
expected revenues from sales while the second term showmgheomponent of expected profits.
Thus, revenues and therefore profits under LCP are line&eiméminal exchange rate. This means
that under LCP domestic currency revenues increase oopeavith a nominal exchange rate depre-
ciation. Costs are unaffected by changes in the nominalegghrate since exchange-rate movements
do not induce any demand changes. This can be seen more cldah taking a second-order ap-
proximation of expected profits under LCP

. UVar(S)

—(c—1) + Cov(ime, Z*) | (21)

EO (%LCP) V(IT2(77/’-L\C) + V(IT;?)

whereX = In X — In X denotes the percentage deviation of the varidblfrom its steady state,
Var(X) = Eo((X)?) its variance andCov(X,Y) = Eo(X - Y) its covariance wwith variabl& .
Equation (21) shows that expected profits under LCP areasarg in nominal exchange rate changes
via expected revenues. Furthermore, changes in the nomehlange rate do not affect expected
costs. The expected profit function of a home firm from salethéoforeign country in producer
currency can be written as

Ey (77CF) = Eod (PHT (2) — me) (%) - (%) e (22)
H

The corresponding profit-maximizing price for firms that éoypproducer-currency pricing is then
given by PP (z) = -2 EymcS? Z* | Eg(S? Z*), for z = z, ..., 1. Using this solution, the expected
discounted profits from export sales in the producer cuyr@mne given as

Eo (nP°F) = 6 (EyS° 2*)° (EymeS® Z*)' 7. (23)

"Given that each firm is a monopolistic producer, profits wéllgmsitive for a finiter > 1.



Under PCP, expected profits are convex in the nominal exehsaitg sincer > 1. Then, due to
the expenditure-switching effect a nominal exchange rafgeatiation increases foreign demand for
domestic goods by more than one since> 1 . This means that ceteris paribus, with a rise in
nominal exchange rate expected, revenues from sales u@drinerease relatively to LCP. However,
in contrast to LCP a change in the nominal exchange ratetljiretpacts expected costs and hence
expected profits negatively. Both points can be illustrdigdaking a second-order approximation of
expected profits under PCP:

o Var(S)

—(o—1) + Cov(me, Z*) + oCov(me, S) | , (24)

Var(me) N Var(Z*)
2

Under PCP, nominal exchange rate variability increasesnuees by more than one, as> 1, due

to the expenditure-switching effect. However, changefi@rtominal exchange rate induce demand
changes under PCP. As the firm has to meet the demand the gigetit pas to adjust its labor inputs.
A higher variability in production inputs requires adjustnts in firms marginal costs which affects
expected costs negatively, so tidaiv(mec, §) > 0. Thus, a positive covariance between the nominal
exchange rate and marginal costs leads to an increase intedgetal costs under PCP relatively to
total costs under LCP. This fact will be of importance wheseasing the role of international financial
market integration on the export price setting behaviorrofigi As financial integration affects the
behavior of the nominal exchange rate it will influence thiegsetting decision of firms. Following
Devereux et al. (2004) and subtracting (21) from (24), weaiobthe decision rule of the home firm
whether to set its export price in its own or the local curyefte firm will set its price in PCP (LCP)
as long as expected profits under PCP (LCP) are higher thaer WP (PCP), such that a firm’'s
decision rule becomes

~

Var(S)
2
The optimal pricing currency condition (25) holds under #ssumption that the discount factor,
prices of other firms, foreign total demand and foreign wiaee initially exogenous to an individual
firm and its pricing currency decision. Analogously, we claimk about a foreign firm exporting to
the domestic economy and its optimal pricing currency decisThe foreign firm has similar profit
structures and will decide to price its exports in the fongiigome) currency if

— Cov(me, 8) >0, (< 0). (25)

V%(S) + Cov(me*,§) > 0, (< 0). (26)

2.2 Equilibrium and steady state

The above described optimality and market clearing camthitiare used to determine the endogenous
variables in equilibrium — in particular, the borid, and equity portfolios¢, as well as the equilib-
rium exchange rate pass-through+ z (1 — z*) . The rational expectations equilibrium is a set of
values for consumption, output, labor, real wages, pricesthe optimal portfolio shares, given the
distribution of shocks to technology, government spenéind money supplies at home and abroad,
(A, A* G,G*, M, M*). The model is solved by log-linearizing around the symmeiteady state
where the economic disturbances equal unity.

Within the steady state a country’s revenue is givenrRlyV = Y Py = PC. Then it follows that
profits and labor income are shares of a country’s incomengiw Il = (1/0)REV andW L =

((c —1)/0)REV, respectively. Given the symmetry across countries, @sicly power parity holds
within the steady state, so th&P* = P. Furthermore, individual prices are given By; = ((o —
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1)/o)W /A. As the two countries are identical in the steady state libfies that the law of one price

holds within and across good8y = SPj, = Pr = SP;. Having described the optimal pricing
conditions, the equilibrium and steady state we will nowvstimw the integration of international

asset markets affect the exchange rate pass-through gart@osition of asset traded within financial
markets.

3 Financial Markets and the falling exchange rate pass-thragh

Having described the optimal pricing conditions we will shbow the integration of international
asset markets affect in equilibrium the nominal exchange wahavior, which is the main variable
in the exporting firms’ choice to set their price in their ownlacal currency, and the exchange rate
pass-through. To analytically illustrate the mechanisineak we first make a set of simplifying
assumptions. Section 3.2 reports results of numericallaimons of the unrestricted model, whose
solution together with additional intuition is presentedappendix A. In the following we draw on
this solution for deriving the simplified version.

3.1 Analytical solution for the simple model structure

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

3.1.1 The nominal exchange rate

The money market equilibrium allows to solve for the nomieathange rate. Expressing (15) in
log-linear terms yields

S=(M— M)+ (PC — SP*C*). (27)
In equilibrium the nominal exchange rate will not only besatied by the relative money supplies but
also via the differences in nominal spenditigy,’ — S P*C*, by the amount of assets traded. To see

this consider in turn the households budget constraintmehand abroad when only bonds are traded
or with trade in both bonds and equity.

3.1.2 Trade in bonds only

Consider first equations (6) and (7), which show that retatieminal spending in the case of trade in
bonds equates to

PC — SP*C* = —2b8 + (REV — SREV*) — (G — G*). (28)

The financial return to the bond holdingss given by nominal exchange rate deviatiorsS while
relative sales revenues are the non-financial income. Weedefs B/(PC), G = G/C, REV =

8The assumption off = 1 implies Cobb-Douglas preferences. In this case, the tefrrade provide a risk-sharing
role, as shown by Cole and Obstfeld (1991), and the assetetnstrkicture might not be relevant. However, this is only
true when there are only productivity shocks and intermati@sset positions are zero. In the case of demand shoaks, su
as government spending shocks, risk sharing requiresveelimcome to move asymmetrically, which might also cause
non-zero asset positions.

11



Il — WL and we have used the fact they; = Bj for Sp = 1. B is the equilibrium amount of
bonds we are looking for. Given equations (28), we can eggdiresnominal exchange rate (27) in the
economy with trade in bonds only as

~ 1 — =y 1 ~ o

given thatREV — SREV* = 0 in our simple model structure. Given the insurance progerin
the economies with nominal bonds only, the exchange rate toamhsmits two of the three possible
economic disturbances across countries. The impact effelae shocks is affected by the size of the
equilibrium portfolio holding ofb. The fact that not all disturbances are transmitted via tirainal
exchange rate has direct implications for the price settiegision of the firm. To see this more
clearly, consider the log-linearized version of the homegimal costs, equation (18), and its foreign
counterpart - -

me = M — A andme* = M* — A*, (30)

respectively, given equation (13). It follows that the atsace between marginal costs and the nom-
inal exchange rate can be written as

—

~  Var(M)

Cov(ie, §) = - Var(M”)

T (31)

andCov(me*, §) = —
respectively. Note that when nominal bonds are traded ordpeatary disturbances affect the co-
variance relationship between marginal costs and the radmexchange rate. Since all shocks are
uncorrelated, the variance of the nominal exchange ratelequ

Var(]\?—k ]\7*) Var(G + G¥)

VarS) = =4 gt aoame

(32)

with Var(G + G¥) andVar(J\Y + ]\7*) reflecting the sum of variances of the government spending
and monetary policy shocks. The magnitude of the covariagle¢ionship and the variability of the
nominal exchange rate, however, will depend on the equilibibond holdingp.

What will be the amount of equilibrium bondshold within this financial market structure? Consider
the equilibrium evolution of the nominal exchange rate @@)ether with the equilibrium consump-
tion, equation (13), which can be stated as

a:]\?_(l—z)

S. (33)

It then follows that a positive monetary policy shock, i%l,> 0, will increase consumption, despite
the depreciation, i.e. increase of the nominal exchangeréh contrast, a positive disturbance to
government spending, . > 0, will also cause a depreciation of the nominal exchangelvate
this in turn will cause a decline in consumption. The lattifec dominates, as a relatively higher
domestic government shock also causes a decline in refativénal spending, which is determined
by (28),]55 — SP*C* = —2bS — (@ — (/}\*). Households can hedge against the risk of a decline in
consumption and nominal spending by choosing the apptepeguilibrium bond portfolio such that
—265 > 0. Foreign bonds, i.eb, < 0, are a good hedge against income risk if a higher domestic gov
ernment spending causes a depreciation of the nominal egehate and, hence, a higher return on

9To ensure that a depreciation occurs it needs to be the catde<th0.5, a condition shown to be satisfied.
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foreign bonds. Thus, given that the relative financial retfrnominal bonds holding is-S, holding
foreign currency bonds would allow households to hedgenatjainexpected nominal exchange rate
depreciations due to domestic government disturbancesudhn a case the country will receive net
financial payments from abroad when its currency is unegggciweak. To obtain the equilibrium
portfolio choice ofb we follow an approximation method for computing the equilim portfolio
positions developed by Devereux and Sutherland (2011) @weld second-order approximation of
the asset market equilibrium condition for the home cou(j)yand its foreign counterpart. The full
details of the derivations are found in the appendix. Fror8)Ahe solution to the equilibrium bond
portfolio is then given by R

po Va4 G (34)

2Var(M + M*)

The equilibrium bond position implies that the home coutgnds in the foreign currency and borrows
in its own sinceb < 0. Thus, in states when the domestic currency is weak theilequih bond
positions ensure that the home country will receive net payeifrom abroad to insure against country
specific shocks. This effect is more pronounced the largethes variances of government spending
relative to money supply shocks.
Since the home country decides to hold a larger amount oigior@ssets, i.eb < 0, the covariance
between marginal costs and the nominal exchange rate (81)enbw in absolute value. From (32)
it follows that the variance of the nominal exchange rateeisréasing in the home country’s foreign
asset position, i.e., the smallertisThis has direct implications for the home firm’s pricing .
For illustrative purposes we consider a symmetrical egpiilim where all home and foreign shock
variances are identical. The firm’s decision rule to eith@eits exports in its own or local currency
can be written as (see equations 25 and 26)

-~

= — COU(T/T'L\C, S) = m (35)

2
Equation (35) shows that the decision of firms to set theiogxprices either in their own currency
(PCP) or in the currency of consumers (LCP) depends on thbklegum allocation ofb. For example,
if the equilibrium bond position i$ > —1/2, it follows from (35) thatR™V? > 0 and firms will
decide to price their export goods in the domestic curreitywever, if the asset positiohis b <
—1/2, firms will decide to price exports in the foreign currencg;R¥? < 0. Given the symmetric
equilibrium with home and foreign shock variances beingridal, the equilibrium bond position
equalsb = —1/2. This implies thatR™V? = 0. Consequently, in the NB economy home firms will
be indifferent between setting their export prices in PCIROP. The same argument applies to the
foreign country. ASRVE = 0, the price setting incentives will depend on what other etipg firms
do. If all exporting firms follow PCP, then any single firm wdutave an incentive to deviate and
choose LCP. But if all firms follow LCP, then any single firm vidinave an incentive to deviate
and choose PCP. Thus, there is no equilibrium where all fiotiew the same pricing policy. By
continuity, an intermediate equilibrium exists in whichms®firms choose PCP and some firms decide
on LCP (see Devereux et al. 2004). Consequently, there tisandfull nor zero exchange rate pass-
through, i.e.) < z = 2" < 1.

3.1.3 Trade in bonds and equities

When financial markets become more integrated, househalds the possibility to trade not only
nominal bonds internationally but also equities, Since those assets have a different risk profile,
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the two countries exchange assets to smooth fluctuationsnsueption (spending) across different
states of natures.

When both nominal bonds and equities are traded we linetirezperiodt = 1 budget constraint for
the home country and its foreign counterpart, (11). Takimgntry differences yields

20=1) §_ 5y — w8 — (G-C) +

g o

oc—1

PC — SP*C* = (WL — SW*L*).  (36)

In equilibrium the return on equities] — STI*, and labour incom&y L — SW*L*, is given by

= (-~ = 22

Il — ST = - [(A—A*)—(J\?—M*H S|, (37)
and
o gy o o (A X
B 2

with (:"T‘l(”—;*). Given equation (36) we can express the nominal exchang€28j in the econ-
omy as

—(2(¢ — DI+ 1)(M + M*) + (G +G*) + (2(1 — ¢) L) (A + A¥)
2b—2(6—1)¢ 1) '

Again, the equilibrium outcome of the nominal exchange dapends on the equilibrium portfolio
allocation, here bond$, and equitiesy. Furthermore, in contrast to the economy where only nominal
bonds can be traded, the holding of both, bonds and equitmssathe exchange rate to transmit
all three economic disturbances across countries. Fropnaf3®d (38) it follows that the covariance
between marginal costs and the nominal exchange rate cabaowitten as

S = (38)

e 26-DTE AL 2(¢p —1)71 -
Cov(me, S) = T 1Var(M)— % — 206 - T)c = 1Var(A), (39)

~% O o 2(¢_1)OT_1+1 T rx 2(¢_1)OT_1 *
Cov(mc™,S) = 2b_2(¢_1)<_1Va7“(M)+2b_2(¢_1)<_1Va7“(A )

Now, all shocks that affect marginal costs will also be reéiddn the covariance relationship with

the nominal exchange rate. Thus, the covariance relaijphgtween marginal costs and the nominal
exchange rate is not only affected by monetary disturbarggsn economy where only nominal

bonds are traded internationally, but also by productidisturbances. The variance of the nominal
exchange rate equals

& 20—+ D)Var(M + M*) + Var(G + G*)
Ve = @26 1) 12 o
(2(6 — 1)Z1)2Var(A + A%)

(2b — 2(¢ — 1)¢ — 1)2
For a given monopolistic markup,/ (o — 1), the sign and magnitude of the variance of the nominal

exchange rate and its covariance with marginal costs wpkedd on both the equilibrium amount
of bonds and equities held as well as the global incompletbange rate pass-through + z*)/2.

_l’_
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The higher is this expression, the lower will be the exchanage pass-through. What determines the
equilibrium portfolio within this economy? From equilibrn consumption, equation (13), and

~ = (1-2%

C=M- s, (41)

it follows that in states of nature when the domestic curyescunexpectedly weak, consumption
would be low. Households can hedge by choosing a combinafinaminal bond and equity holdings
that stabilizes relative nhominal consumption. For examplelepreciated currency would cause a
decline in consumption but would have a favorable impactt@nreturns of equities, (37), since
I — SII* rises as the nominal exchange rate increases. Thus, if Ingldsehold mainly domestic
equities and at the same time choose a bond allocation theidps net payments in states when
the domestic currency is unexpectedly weak (hes; 0) a higher nominal income is ensured, given
(36). Again, following an approximation method for compmgtithe equilibrium portfolio positions
developed by Devereux and Sutherland (2011) the solutitimetequilibrium bond position is

b Var(@ + @*)[Var(ﬁ + A\*) + 72_22_2* Var(]\/i + ]\7*)] 42)
2Va7‘(121\—|—24\*)Va7‘(]\7—|— ]\/4\*) 7

while the equilibrium equity position turns into

2War(A+ A*) + ﬁVar(@ +GY)

PR (43)
2Var(A+ A¥)

Equations (42) and (43) illustrate that expanding the s&taofeable financial assets by equity allows
agents in both countries to hedge more effectively since Imouwseholds can hedge against produc-
tivity disturbances, which is not possible in the NB econesniHouseholds decide to hold a higher
amount of foreign bond assets, i.e.< 0, and a larger amount of domestic equiy,> 1. This
ensures them an optimal hedge against fluctuations in spgmidie to disturbances in government,
monetary policy and productivity.

In contrast to the NB economy, the equilibrium bond posii®affected by the exchange rate pass-
throughz andz*. Hence, to specify the equilibrium outcome in the NBE ecomeanit is necessary
to have a closer look at the firms’ price setting decisionsulgsing (39) and (40), in the symmetric
equilibrium the home firms’ pricing decision rule (25) candxpressed as

RNBE _ 200 —-1) 4520 —1) (2 —¢) = ¢+ 1+ 20 [1+4(¢ — 1)1
B 26— 2(¢ —1)¢ —1J? ’

Since we are assuming a symmetric equilibrium. We assessettision ruleR¥ 5 betweenz =
z* =0andz = z* = 1, changing the value @f. Then

a) PCP is a unique equilibrium if

11+ 4o - 11—2(¢—1)2=L
2 1+4(p -1t 21 +4(¢p—1)2

which ensures thaRVBE > ( for all 2



b) LCP is the unique equilibrium if

o—172 o—1
1 4(p — 1)Z== 1—-2(¢p—1)=
1 + [4(9p — 1)ZH] andy < _L1=20-1) |
2 1+4(¢p—-1)% 21 +4(¢—1)%=

which ensures tha® N BE < ( for all 2.

c) a mixture between PCP and LCP is a unique equilibriundfarz < 1 if

11+ [4(p — 1)2=4)°
T2 144(p— 1)t 21 +4(¢— 1)L

o

which ensures thaRVBE = ( for 3.

As we have assumed a symmetric equilibrium, the makif@ — 1) is the driving coefficient that
decides about the equilibrium outcome. Martins et al. (J98® markups ranging betwedt and

35 percent, which implies a in the range of around to 10. For markups in this range, it holds that
the pricing decision rul®NBE < 0 for all z. Consequently, the equilibrium value ofqualsl and
the global incomplete exchange rate pass-through ferz* equald). Thus, there is no global short-
run exchange rate pass-through. Consequently, when mtagds internationally more integrated
financial markets, i.e., moving from the nominal bond ecopdéoran economy where both bonds and
equities are traded internationally, the global exchaage pass-through declines. The solutionfor
implies that the equilibrium bond position will be equal-td /2.

What explains the decline in exchange rate pass-througb thk possibility to hedge more effectively
against country-specific shocks by balancing the optim@irivational cross-country asset holdings
between equity and bond holdings. By trading equities audit to bonds, the agents stabilize their
consumption fluctuations and, consequently, relative nahrspending is less volatile under more
integrated international financial markets. To see thisenotearly, consider nominal spending in the
NB and NBE economies. Using (29) as well as (34) and taking@etgtions, the variance of relative
nominal spending, equation (28), can be written as

(2b)2Va7“(J\/Z+ J\/Z*) + Var(G + G¥)
(1—2b)?

while in the NBE economy, given (40), (42) and (43), the vaceof relative nominal spending equals

Var(lga - Sﬁ*)NB =

9

NBE Var(]\/i—l— ]\/4\*) + Var(A+ A" + Var(G + G¥)
B 2(b+ (1 —¢)¢) — 1] '

It follows that the impact effect of any economic disturbaremn nominal spending will be smaller
in the NBE economies since for a given symmetric shock it fidkcht1/(1 — 2b)2 > 1/[2(b +

(1 — ¢)¢) — 1]2. Thus, the more integrated financial markets are the bedtehouseholds hedge
against fluctuation in nominal spending. The lower volgtibf nominal spending has a stabilizing
effect on the nominal exchange rate, which is the main viriabthe firm’s pricing decision rule
(25). Furthermore, the covariance of the exchange rate mvdlginal costs increases if not only
bonds but also equities are traded across countries dues toahsmission of productivity shocks
by the nominal exchange rate in the NBE economies. Given 48d)(39), it therefore holds that
Cov(me, S)NBE > Cov(me, S)NB > 0for [4(¢p—1)=L +1] / (1+2((¢ — 1) — b)) > 1/(1—2b).
Those aspects will induce firms to switch to local-currendgipg. This then causes a decline in
exchange rate pass-through when international financigketeabecome more integrated.

Var(]/DE - Sf%*)
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3.2 A more general model structure

In the previous section we concentrated on the model’s nmajptication within a simplified frame-
work. The results obtained in this setting are, howeverditmmal on the simplifying assumption we
have made with respect to the preference parameters anddtiksshat can hit the two economies. In
this section we relax the above made assumptions about tdelsstructural parameter valuesaf

p andn and are more general regarding the volatility of shocks. Byerically simulating the model
for a variety of parameter values it will be shown that theultesf a decline in the exchange rate
pass-through remains valid within this more realisticisgtt Furthermore, under the more general
parameterization we establish a fall in the home bias of lmmrtfolio holdings. The simulations use
the solution of the full model in appendix A.

We use parameter values, where applicable, from Devereak €004). In particular, we set the
trade price elasticity between domestically produced amubited goods tg = 1.5. The coefficient
of relative risk aversion is set to= 1.25. Trade openness is calibratedde= 0.88, the empirical
average for the US over recent decades (see Enders and 120018.) The elasticity of substitution
between varieties is set to=6, corresponding to a steady-state markup of 20%. To obtairesdor
the variances of the shocks, we estimate AR(1)-processésefdiP-filtered logs of M2, Government
consumption, and Solow residuals for the US. The resultagances of the error terms result in
03, =0.43%, 02 = 0. = 0.45, ando? = o%. = 0.41. The foreign volatility of the money supply
is set 10% higherajzw = 0.47, such that firms are not indifferent regarding the pricingreocy
decision in the bonds-only case. For all these parametevgglhas forp andrn, we conduct robustness
checks further below.

3.2.1 Interaction between portfolio home bias and pass-tlough

Bond-only case Bond and equity case
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Figure 2: Left: dependence of global pass-through on debt home biae éwlid line) and vice versa (red
dashed line) in bond-only case. Right: dependence of dabtHhuas (blue solid line) and equity home bias
(red dashed line) on global pass-through in bond and eqagg.c

Before investigating the effects of shifting from bondypatonomies to a world with bond and equity
trade, we first analyze the interaction between global gassigh (the global percentage of firms
choosing LCP, i.e.] — (z + z*)/2) and bond and equity holdings graphically for the generabca
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The left panel of figure 2 shows this interaction for the bamdly case. The red dashed line depicts the
dependence df on the value of the—counterfactually treated as exogegeuglobal pass-through,
while the blue solid line plots the resulting pass-throughd assume that the home bias is exogenous.
Technically, we replace equations (25) and (26) with exogervalues for andz* in the first case,
and equation (A-8) by exogenous values af the second case. When varying global pass-through,
we start atz = z* = 0 and let firstz increase to unity, after which* rises from O to one. In
the case of an exogenously getwe observe that = z* = 1 for the low starting value ob. An
increasing lets z fall to zero, i.e., home switches from LCP to PCP. For intatiate values ob, this
remains an equilibrium. Further raisihdeads to a falling:*, until the foreign country has switched
to PCP too. As visible, both lines are increasing functioinheir respective arguments. We obtain a
unique solution at their intersection (in this case at a+tlassigh of 0.5). Also visible is a stronger
dependency of the pass-through on the home bias of bondngsldivhile the reverse dependence
is fairly limited. We conclude that financial markets matjeantitatively and qualitatively more for
pass-through than vice versa. In particular, the home lnas dot reverse sign, independently of the
level of pass-through.
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Figure 3: Bonds and equity case: dependence of global pass-throegticél axis) on home bias in equity
(left axis) and debt (right axis).

Figures 2 (right panel) and figure 3 depict the same intemdgecies for the case of financial in-
tegration, i.e., trade in bonds and equities. For thesespémuations (25) and (26) or (A-20) were
replaced by exogenous settings of the parameters. As thalgiass-through now depends on the
home bias in bonds and in equities, figure 3 is three-dimaatiBecause there are unique mappings
from pass-through to optimal asset home biases in bonds ddlid line in the right panel of figure
2) and equities (red dashed line), and a unique mapping femin eombination of these parameter to
pass-through (figure 3), we again obtain a unique solutidheit mutual intersection.

Regarding the pricing-decisions of firms, the same pattelbave is visible. Increasing the value of
b induces first the home country to switch from LCP to PCP, falid by a small region of constant
z andz*. Finally, the foreign country also charges according to FCiPrises further. Regarding
the reaction to a changing the pattern is quite different. For a given intermediate@afb, a low
level of ¢ lets both producers follow PCP rules. For increasing vatifes the optimalz* rises first.
However, some domestic firms switch to LCP already befortoedign firms have done so. Itis also
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Table 1:Changes in debt home bias for varyingndp (upper left),o3, ando?,. (upper right),c? ando?.
(lower left) oro? ando?. (lower right) due to financial integration.

2
. P11.00 155 2.10 2.65 3.20 3.75 2 M| 024 033 043 052 0.61 0.71
M
1.00 -0.03 -0.04 -0.05 -0.04 -0.03 -0.02 0.22 -0.11 -0.11 -0.12 -0.13 -0.13 -0.13
1.70 -0.11 -0.12 -0.12 -0.12 -0.11 -0.10 0.32 -0.12 -0.12 -0.13 -0.13 -0.13 -0.14
2.40 -0.18 -0.19 -0.19 -0.19 -0.18 -0.17 0.43 -0.12 -0.13 -0.13 -0.13 -0.14 -0.14
3.10 -0.26 -0.26 -0.27 -0.26 -0.26 -0.24 0.54 -0.13 -0.13 -0.13 -0.14 -0.14 -0.14
3.80 -0.33 -0.34 -0.34 -0.34 -0.33 -0.32 0.64 -0.13 -0.13 -0.14 -0.14 -0.14 -0.14
4.50 -0.40 -0.41 -0.41 -0.41 -0.40 -0.39 0.75 -0.13 -0.14 -0.14 -0.14 -0.14 -0.14
2 2
o2 74+ 1021 033 045 057 0.70 0.82 o2 7G*| 022 036 049 0.63 0.76 0.90
0.21 -0.21 -0.18 -0.16 -0.15 -0.13 -0.13 0.22 -0.08 -0.09 -0.09 -0.10 -0.10 -0.11
0.33 -0.18 -0.16 -0.15 -0.13 -0.13 -0.12 0.36 -0.09 -0.09 -0.10 -0.10 -0.11 -0.11
0.45 -0.16 -0.15 -0.13 -0.13 -0.12 -0.11 0.49 -0.09 -0.10 -0.10 -0.11 -0.11 -0.12
0.57 -0.15 -0.13 -0.13 -0.12 -0.11 -0.11 0.63 -0.10 -0.10 -0.11 -0.11 -0.12 -0.12
0.70 -0.13 -0.13 -0.12 -0.11 -0.11 -0.10 0.76 -0.10 -0.11 -0.11 -0.12 -0.12 -0.12
0.82 -0.13 -0.12 -0.11 -0.11 -0.10 -0.10 0.90 -0.11 -0.11 -0.12 -0.12 -0.12 -0.13

domestic firms that are first to go back to PCP for even highleleseof ¢, followed by their foreign
counterparts once all home firms use LCP. Furthermore, wealam similar conclusions as in the
bonds-only case. Financial markets, both in terms of horae ibi bonds as well as in equity, matter
highly for pass-through. The reverse is not true, accortiinigure 2 (right panel). While the home
bias in bonds varies but stays negative if global pass-giramhanges from zero to one, the home bias
in equity is independent of the level of pass-through. Hepass-through has only a limited feedback
to financial markets. To conclude, when investigating aheiieants of pass-through, financial markets
are crucial.

3.2.2 Effects of financial integration

Table 1 displays the change in the home bias of debt holdifgmnvewitching from a bonds-only
economy to international financial markets with bonds anditggfor different values of the key
parameters of the model. As visible, for reasonable ranfjparameter values, the home bias of debt
holdings declines after an increase in financial markegnati#on, as empirically found and explained
in the introduction. Trading equity across countries figdst from some of its burden to hedge against
all shocks present in the economy, and reduces therefahate in the optimal country portfolio.
Similarly, the global exchange rate pass-through for aissihcombinations falls by 0.5. This results
from the fact that one country always switches from PCP to.0®E more stable international relative
demand stemming from the enhanced risk-sharing posibiktabilizes the exchange rate. Trade in
equities link developments in total-factor productivity the exchange rate via financial payments
that depend on technology, increasing the correlation &etwnarginal costs and the exchange rate.
Because of these two factors, firms are induced to switchctd4ourrency pricing (see also Devereux
et al., 2004).
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Table 2:Changes in debt home bias for varyingy, = o3,. ande? = o?%. due to financial integration.

2 2

2 g 2 74%9% | 921 033 045 057 0.70 0.82
NSO+

0.22 -0.19 -0.15 -0.13 -0.11 -0.10 -0.09
0.34 -0.19 -0.15 -0.13 -0.11 -0.10 -0.09
0.47 -0.19 -0.15 -0.13 -0.11 -0.10 -0.09
0.60 -0.19 -0.15 -0.13 -0.11 -0.10 -0.09
0.73 -0.19 -0.15 -0.13 -0.11 -0.10 -0.09
0.86 -0.19 -0.15 -0.13 -0.11 -0.10 -0.09

The upper-left panel of table 1 reports the change in the luetoie bias for different values fgrand

n. The upper-right panel shows the same statistic for diffievalues of the volatilities of the shocks
to the money supply, while in the lower-left panel the vacesof technology shocks are altered. The
lower-right panel of table 1 displays the statistics of iag for different volatilities of the shocks
to government expenditure in both countries. Finally, inléa2 we change the volatility of money
shocks, set to the same value in both countries, and teadwslwocks, also equal across countries.
Summarizing the information of the tables, increased fiirgnegration leads to a reduction in pass-
through and debt home bias, independently of parametetalati®ns (where for some parameter
values, no change occurs). We see this in line with empiecalence, and therefore as an important
explanation for the falling exchange rate pass-through.

4 Empirical evidence

In this section, we try to empirically identify the importnof international equity trade (relative to
trade in debt) for explaining the decline in the exchange patss-through over time. To this end, we
review related literature and present novel estimatesdegathe explanatory power of equity trade
for the debt home bias, exchange-rate volatility, and tlehamge rate pass-through. Our empirical
analysis shows for 109 countries over the time period 19¥D@A that higher levels of equity trade
lead to a decline in the relative holdings of domestic-auryerelative to foreign-currency debt posi-
tions, which we call a fall in debt home bias (i.e. dhb). Farthore, we also demonstrate that higher
equity trade is associated with lower exchange-rate VityatiFurthermore, within a sub sample of
our countries for which data on exchange rate pass-throtglavailable, we give some indication
that the more equity is traded internationally, the smadl¢he degree of exchange rate pass-through.
We thereby confirm the key predictions of our theoretical elo@ur results are meant as first steps
towards a verification of our model predictions. A full chetexization of the data, however, is beyond
the scope of this paper.

To analyze the connection between increased trade in eguitya falling debt home bias we conduct
a panel regression analysis of 109 countries covering he gieriod 1990-200% Table 3 shows a
significant negative impact of (the log of) the sum of pordaquity and FDI assets and liabilities
on debt home bias over GDP, as defined above. We control ferdimad country fixed effects and a
set of other variables that might impact on the debt home Bidgse are log GDP, log Population,

OFor this pooled OLS regression, we discard outliers, usastoregressions, and cluster standard errors at the country
level. See appendix C for a description of all data sourcdshandling as well as summary statistics and correlations.
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Table 3: Impact of equity trade on debt home bias over GDP
1) (2) 3) (4) 5) (6) (7) (8)
dhb/gdp dhb/gdp dhb/gdp dhb/gdp dhb/gdp dhb/gdp dhb/gdp'gdp

log(Eq. & FDI) 0.110 -0.388* -0.370°* -0.339"**-0.339**-0.322"*-0.324** -0.611"*
(0.123) (0.106) (0.107) (0.101) (0.0786) (0.0795) (0.Q77®0867)

NFA -0.803** -0.786**-0.785**-0.557**-0.558** -0.558** -0.819**
(0.0554) (0.0552) (0.0514) (0.0548) (0.0547) (0.0549P7M6)
Net Exp. -0.0756 -0.0805 -0.115-0.111 -0.115 -0.0155
(0.0944) (0.0832) (0.0677) (0.0693) (0.0756) (0.0669)
Openness -0.108-0.105**-0.113**-0.121** -0.0415
(0.0451) (0.0338) (0.0340) (0.0325) (0.0411)
log(Gross Debt) 0.277* 0.258** 0.225** 0.0332
(0.0422) (0.0472) (0.0524) (0.0435)
log(GDP/Pop.) -0.0386 -0.0617 -0.0833
(0.0270) (0.0375) (0.0340)
Chinn-Ito -0.015Z 0.00280
(0.00857)(0.00321)
log(Pop.) -0.322* 0.0548
(0.154) (0.103)
Constant 0.365*0.0622**0.0634** 0.124** 0.0142 0.316 1.336 0.657
(0.0322) (0.0213) (0.0211) (0.0307) (0.0301) (0.216) 1@)6 (0.393)
T&CFE Yes Yes Yes Yes Yes Yes Yes No

Observations 1363 1363 1324 1324 1324 1324 1302 1033
Adjusted R? 0.168 0.697 0.698 0.705 0.767 0.769 0.775
F 8.043 48.09 45.72 48.15 69.22 86.04 98.23

Robust standard errors (clustered at the country levelpiamtheses.
*p<0.10, " p < 0.05, " p < 0.01

the updated Chinn and Ito (2006) index for the capital actopenness, net exports over GDP, net
foreign assets over GDP, and total debt (log of debt assesslipbilities). We include the index of
Chinn and Ito as restriction on debt and equity trade couice len impact on the relative size of
these two variables. Furthermore, table 4 shows that thativegeffect of total equity trade is also
present if debt home bias over total debt (sum of debt asadtsabilities) is used as the dependent
variable. Regarding the size of the effect, a 1% increas@eénsum of equity and FDI assets and
liabilities decreases debt home bias over GDP around .18%dabt home bias over total debt by
.07%. Importantly, this effect is also present if we confasltotal debt in both sets of regressions. If
we replace the log of gross equity and FDI holdings with gemgsty and FDI holdings over GDP (and
similarly for gross debt assets), the results indicatedhahcrease of this variable by one percentage
point decreases debt home bias over GDP by .32%, signifitani®o level. Likewise, debt home
bias over total debt falls by 0.22%, significant at a 5% leVi. can therefore conclude that the more
equity is traded internationally, the lower is the debt hdmas. This implies that agents choose a debt
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Table 4: Impact of equity trade on debt home bias over totad de

1) ) ©) (4) () (6) (7) (8)
dhb/debt dhb/debt dhb/debt dhb/debt dhb/debt dhb/delitidbbdhb/debt

log(Eq. & FDI) -0.00247-0.282*-0.266"* -0.234* -0.234* -0.24T* -0.219" -0.913**
(0.0892) (0.0920) (0.0922) (0.0916) (0.0934) (0.0958DgB1) (0.175)

NFA -0.453**-0.435**-0.434**-0.483**-0.483**-0.454** -1.001**
(0.0642) (0.0636) (0.0642) (0.0887) (0.0881) (0.0912)110)
Net Exp. -0.102 -0.107 -0.0995 -0.101 -0.0809 -0.0283
(0.0798) (0.0759) (0.0754) (0.0761) (0.0798) (0.118)
Openness -0.108 -0.109* -0.105* -0.102 -0.0982
(0.0536) (0.0518) (0.0523) (0.0514) (0.0759)
log(Gross Debt) -0.0604 -0.0525 -0.0851 -0.#40
(0.0585) (0.0642) (0.0759) (0.102)
log(GDP/Pop.) 0.0160 -0.0418 -0.187*
(0.0481) (0.0590) (0.0499)
Chinn-Ito -0.0111 0.00193
(0.0124) (0.00492)
log(Pop.) -0.171 -0.0486
(0.242) (0.227)
Constant 0.453* 0.282** 0.280** 0.341** 0.364** 0.239 1.137 2.15%4*
(0.0220) (0.0278) (0.0277) (0.0354) (0.0419) (0.389) 9Q)9 (0.741)
T&CFE Yes Yes Yes Yes Yes Yes Yes No

Observations 1363 1363 1324 1324 1324 1324 1302 1033
Adjusted R? 0.246 0408 0.412 0.419 0421 0421 0.428
F 6.789 8.229 7.730 7.865 7.724 7.470 8514

Robust standard errors (clustered at the country levelaiamqiheses.
*p<0.10, " p < 0.05, *** p < 0.01

portfolio from which they benefit more in case of a depreoiaf their own currency.

Next, we investigate the impact of increased equity tradexaange-rate volatility. Our model pre-
dicts a negative relationship, as relative incomes of twantiies can be stabilized by engaging in
higher equity trade. Once cross-country equity trade besoeasier to conduct, may it be because
of reduced informational asymmetries or the like, exchamge volatility should therefore fall. The
left side of table 5 displays the results from a correspapdeygression. Exchange-rate volatility is
constructed using quarterly data on nominal effective argle rates. Inflation volatility is calcu-
lated correspondingly. Since nominal effective excharajesrand inflation rates are available for a
smaller set of countries, we are left with observations ordtries. Specifically, we use a rolling
eight-quarter window to calculate volatilitiés.Since our annual measure of exchange-rate volatility

HEight quarters strikes us as a good compromise betweenghernugh observations to calculate meaningful volatilitie
and reducing the constructed autocorrelation of the riegwariable to one annual lag.
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Figure 4:Relation between share of imports (left) and exports (Jighted in euro vs. equity and FDI (assets
plus liabilities) over debt (assets plus liabilities) farre-area countries. Sources: Lane and Milesi-Ferretti
(2007) and Eurostat (2012).

is therefore autocorrelated by construction, we includdagged value on the right-hand side and
employ the estimator proposed by Arellano and Bond (1$91Jhe control variables are listed in
the table and are included in levels (thein parentheses refers to the right side of the table). Ad-
ditional to previously used variables we include inflatianatility, as it is expected to have a strong
impact on exchange rate volatility. We find a significant negampact of equity trade and FDI on
exchange-rate volatility, as predicted by the model.

Unfortunately, we lack a similar comprehensive data setxash&nge rate pass-through. Our analysis
is therefore restricted to very small samples, which cae g only indications for the relationship
between pass-through and equity trade. As a first approaghrefd uses data from Eurostat for the
invoicing currency of euro countries for extra-EU impotft(panel) and exports (right panéB This
variable is plotted on the y-axis against the sum of podfeljuity and FDI assets and liabilities over
the sum of debt assets and liabilities. We find that a increadsguity and FDI relative to debt is
positively correlated with the share of imports priced imogwand negatively with the corresponding
share of exports. Both facts hint at more local currencyimpgicand therefore lower exchange rate
pass-through for higher equity trade relative to debt tfdd&hese conclusions, however, rest on a
sample of only 13 countries. A slightly larger sample is jled by Campa and Goldberg (2002),
who report estimates of pass-through changes for rougkhs#ime time period for which we have
data on equity trade. Specifically, they estimate levelb®@piass-through for the years 1989 and 1999.
As the data on our financial control variables starts onlyd8Q, we regress the change of the short-
run pass-through in percentage points between 1989 anddi®p@rcentage changes of the control
variables between the 1990 and 1999. Because of the very samaple size, we do not include all
control variables at the same time (results, however, daimange). Table 5 reports, acknowledging
the mentioned constraints, a clearly negative relatigndletween exchange rate pass-through and

2The Arellano-Bond test for zero autocorrelation in firdfatienced errors shows that the used moment conditions are
valid.

13The data is available only for 2010. Luxemburg and Irelandgetzeen excluded as they are clear outliers regarding the
equity and FDI variable. Including them, however, does ma@inge the conclusion. The same applies for the consideratio
of portfolio equity assets and liabilities only.

Y4Gopinath et al. (2010) show that goods priced in dollar indeehibit a much lower degree of pass-through (25%) into
US import prices than goods priced in nondollars (95%).
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Table 5: Impact of equity trade on exchange-rate volatditg Pass-Through

(1) 2) €) (4) ©) (6) (7)
Ex. Vol. Ex.Vol. Ex. Vol. Ex. Vol. APT APT APT

(A)EqQ. & FDI  -0.0234*%-0.0241**-0.0245*-0.0246*-0.226* -0.838** -0.210"*
(0.00629) (0.00768) (0.00955) (0.0108) (0.0849) (0.187)0.0Z13)

(A) NFA -0.00773 0.00600 0.00560 0.400
(0.0122) (0.00883)(0.00845) (0.0988)
(A) Tot. Debt 0.00801 0.00813 -0.0989 -0.0350
(0.00712)(0.00717) (0.114) (0.0239)
(A) Openness 0.00556 0.00557 -1.814 1.513**
(0.0103) (0.0105) (0.626) (0.0895)
(A) Net Exp. -0.142*-0.141** 0.00727**
(0.0304) (0.0305) (0.00116)
(A) log GDP/Pop. 0.0118 0.0118 -9.177 8.926
(0.00733)(0.00685) (6.051) (0.943)
(A) Chinn-lto 0.000328 -0.00980"
(0.00194) (0.00135)
A Ex. Rate \Vol. 5.423* -0.294
(1.568) (0.153)
(A) Infl. Vol. 8.920** 9.069** 8.982** 9.024** 0.00343**0.000568**
(2.755) (2.784) (2.734) (2.728) (0.000867) (0.000115)
L.Ex. Vol. 0.0543 0.0440 0.08250.0834
(0.0434) (0.0465) (0.0485) (0.0483)
Constant 0.012F* 0.00919* -0.0953 -0.0963 0.194 2.708* -0.403**
(0.00241) (0.00420) (0.0611) (0.0565) (0.196) (0.738) 07@2)
Observations 615 615 615 615 16 15 16
AdjustedR? 0.288 0.622 0.986
F 7.057 4.295 132.2

Robust standard errors in parentheses
*p<0.10, " p < 0.05, *** p < 0.01

total equity and FDI.

For the table, we regressed the change in the pass-throyggrdantage points on the changes of the
independent variables in percent. According to these atitms, a 1% increase in the sum of equity
and FDI assets and liabilities decreases the exchangeasgetirough around 12 percentage points.

5 Conclusion

In this paper we have put forward a new explanation for théireem exchange rate pass-through into
import prices. Crucial for our theoretical model is the iroaf financial globalization, modeled as an

24



increase in the number and nature of tradable financialsassethe pricing decision of firms. In the
model, we take the mutual interaction between the optimefgm and the choice of the invoicing
currency into account. The main impact of financial glotalan on pass-through works via the
reaction of the optimal portfolio, which features more fgredebt assets following the increased
availability of international equity. This represents tedging possibilities that equity takes over
from debt. As a reaction to the better hedging opportunities exchange rate stabilizes and optimal
pass-through falls. We also present some empirical evasaopporting the negative effect of gross
equity holdings on the home bias of international debt assmedl on pass-through. An obvious policy
implication concerns the design of monetary unions: if pdea by financial integration, volatility of
the nominal exchange rate and its effect on relative prieesduced. Moving towards abolishing the
nominal exchange rate altogether is therefore likely teersamaller real consequences.
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Appendix

A Equilibrium of the full model

In this section we derive the optimal portfolio solutionsdanthe different degrees of international
financial market integration for unrestricted parametéuesand 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. The moneyketazquilibrium allows to solve for the
equilibrium exchange rate. Expressing (15) in log-lineamts yields

(M — M¥) - p(PC — SP*C*)
pt(l-pI-a2-z-2) pr0-pl-a)2 z-2)

The equilibrium nominal exchange rate will not only be aftetby the relative money supplies but

also via the differences in nominal spendim/@ — Sﬁ*, by the amount of assets traded as will be
now shown.

S = (A-1)

A.1 Trade in bonds only

We follow an approximation method for computing equililbniyortfolio positions developed by De-
vereux and Sutherland (2011) and take a second-order apyation of the asset market equilibrium
condition for the home country (8) and its foreign countetrp@he differences of these two equations
lead to the following arbitrage condition

Cov(—S, PC — SP-C+) = l;ppCov(—g, ), (A-2)
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which relates the covariance between excess returns omabtmnds—glven by nomlnal exchange
rate deviationsR%, = —S—and relative nominal consumption expenditurBs; — SP+C*, to the
covariance between excess returns on nominal bonds an@dhexchange rateQ = Sp* — P.
Linearizing the period = 1 budget constraints for the home (6) and foreign country 6d) aking
country differences, we get an expression for lineariz&tive nominal consumption expenditures. In
doing so we take the government budget constraints intoideragion and assume that government

expenditures are equal to zero in the deterministic stetatg.s Then forX = X=X the budget
constraints equal

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

whereb = B/(PC), G = G/C, REV = I — WL and we have used the fact tha; = B3, for
Sy = 1. B is the equilibrium amount of bonds we are looking for. Resales revenues will be
defined as the non-financial retul}?" = REV — SREV*.

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

1(1-pCou(RPy Q) Cov(Rit, RYZ) | Cov(REy, G~ GY)
2 p Var(S) Var(S) Var(S) '

This expression states that the optimal equilibrium bonldiihgs b depend on three components:
the covariance between relative nominal bond returns,the.nominal exchange rate, and the real
exchange rate, the covariance between the nominal exchatggand relative sale revenues as well as
the covariance between the nominal exchange rate and/estpivernment expenditures, all weighted
by the variance of relative nominal bond returns, i.e., theimal exchange rate.

By making an optimal portfolio choice the representativeidehold wants to hedge her marginal
utility of consumption. A risk averse investop (> 1) hedges consumption risks stemming from
variations in her purchasing power, reflected by movemanthe real exchange rate. Domestic
bonds are a good hedge against this risk if domestic bondnsetare high whenever the domestic
price level is high. In the case @f = 1, a unit increase in real returns of bond assets (domestic or
foreign) decreases marginal utility of consumption by &,usuch that bond asset gains evaluated at
the marginal utility of consumption vanish and the covaz@between relative nominal returns and
the real exchange rate becomes irrelevant for the portébla@ce decision.

Furthermore, the representative household wishes to hremiganal income risks associated with vari-
ations in nominal revenues from domestic firms and governmgmenditures. Domestic bonds are
a good hedge against if relative domestic bond returns gtevehenever domestic revenues are low.
For example, an appreciation of the nominal exchange raisesaboth, a fall in domestic revenues
from foreign sales and a higher relative domestic bond met@onsequently, holding a higher amount
of domestic bonds allows to hedge the nominal revenue risk.

Government expenditures are fully paid by the seignoragduanp-sum taxes which reduce nominal
disposable income. Domestic bonds are a good hedge agauasion risk if domestic bond returns
are high whenever the income risk associated with govertmegenditure is high.

To solve for the optimal portfolio bond holdings we write theminal exchange rate, nominal con-
sumption spending, and sale revenues as functions of therlyimdy shocks. We first treat portfolio-

based nominal income as exogenolis; -, — 2bRE, , such that relative domestic bond returns
are

BB, = —05,(M — M*) + 03 (Exrpin + RN — 050(G — G, (A-4)
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where the coefficient®?, and ©3, are illustrated in the appendix, table B-1. Furthermore) no
financial income can be written as

~ Non —~ Non —~ — Non .~ ~
RYem = ©FF " Brpy, + 04 (M — M) + 057" (G — %), (A-5)
RNg)n RNg)n RNg)n i ) L.
where the structural paramete#s;”"" , ©;/" and©,"" are provided in table B-1. Combining
(A-4) and (A-5) we get
RE,, = RiExpi, + Ro[(M — M*), (G - G, (A-6)
Non Non Non
whereR; = ©3,(1+ @ﬁg;n) is a scalar an®, = [—(05, — 05,0177 ), —05 (1 -0 " )is

al x 2 vector. Now we can write the relative discount factor as

—p(PC — SP*C*) + (1 — p) Q = Dy Expi, + Do[(M — M*), (G - G, (A7)

i RESY i RESY RyET

with Dy = —OF-(1+ O™ ) being a scalar anB)y = [0, — OP-0,/™, OP-(1 — O, )] a
1 x 2 vector of combinations of structural paramet@r,@ and@IQC, shown in appendix B, table B-1.
Given (A-6) and (A-7), the arbitrage condition (A-2) can betign asRYXD’ = 0, whereR =
R.iH + Ry, H = 2b(1 — 2bR;) 'Ry, andD = D;H + D, arel x 2 vectors. ¥ is the2 x 2
covariance matrix of the exogenous disturbances. Evenesedbnomies are hit by monetary policy,
demand and productivity shocks, only the first two are indwia bond holding in the NB economies.

Thus households cannot insure themselves against refatidelctivity movements across countries.

Solving forb yields

b= % {[R:¥DR] - DiR,SR}] ' Ry} | (A-8)

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

o (1= pOLF) (M — M*) + pOLEC (G — G*)7 (A-9)

prA-pA-a)2—z—2)

with ©7¢ and©L® provided in table B-1. Given the insurance properties inNBeeconomies, the
exchange rate only transmits two of the three possible enandisturbances across countries. The
impact effect of the shocks is affected by the size of theligivim portfolio holding ofb since@]@c
and©Z£C depend on the size of The fact that not all disturbances are transmitted via thmminal
exchange rate has direct implications for the price settexgjsion of the firms since it directly affects
the covariance relationship between the nominal exchaaitgeand marginal costs of the firm. To see
this more clearly, consider the log-linearized versionh&f home marginal costs, equation (18), and
its foreign counterpart

me = M — Aandmc* = M* — A%, (A-10)

respectively, given equation (13). From (A-9) and (A-10Jallows that the covariance between
marginal costs and the nominal exchange rate can be wristen a

—~ (1 — p@Pc) —

Cov(me,S) = p+(1—p)(l—a])v[(Q—z—z*)vaT(M)' (A-11)
i E (1—rOif) e

Cov(me™,S) = _p+(1—p)(1—a)(2—z—z*)var(M ) (A-12)
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respectively. Note that in the NB economies only monetasyudbances affect the covariance rela-
tionship between marginal costs and the nominal exchartge e magnitude of this covariance

relationship, however, will depend on the equilibrium bdwdding b. Since all shocks are uncorre-

lated, the variance of the nominal exchange rate equals

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

ar(S) =
Var(S) (p+(1_p)(1—a)(2—2—2’*))2

) (A-13)

with Var(@ + @*) and Var(]\//f + ]\//.7*) reflecting the sum of variances of the government spending
and monetary policy shocks.

A.2 Trade in bonds and equities

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

Cov(fi — ST, PC — SP-C*) = ippcou(ﬁ—sfﬁk,@). (A-14)
As for bonds, we linearize the perigd= 1 budget constraint for the home country and its foreign
counterpart, (11). Taking country differences yields

PC — SP*C* = m(ﬁ _ STF) 4+ 20RE, — (G — Gy + 2L (WL — sW-L+). (A-15)

g g

Taking into account thakZ, = L (i — STI*) and RYe" = <=L (WL — SW*L*), we rewrite (A-15)
as
PC — SP*C* = (2¢ — 1)RE,, + 2bRB, — (G — G*) + RNen. (A-16)

Optimal bond and equity portfolio  From the expressions above it follows that non financiaknetu
RYom are now determined by the relative labor income of housahof@iven that both bonds and
equity are traded, the equilibrium bond position will depeow also on the covariance between the
relative returns from equity and bond holdings as well asetipglibrium equity holdings. Following
the solution approach from above, non financial income aqual

Non —~ Non .~ ~ RNon — RNon

Rgf,? _ @RFin Expi, — @Zﬁn (A— A% + @MFin (M — ]/W\*) o @GFin (@ _ @*)’ (A-17)

Expin
~ N N Non Non Non Non
with Exps = [2b, (26 — 1)] [RE,,, RE,,) andeyt™  ©fFn o[ ande " defined in the
appendix, table B-2. The structural paramet@%c and ©%, are also shown in appendix B, table
B-2. Financial returns can be written as

[RE, REin) = RaExpin + Ro[(A — A7), (M — M*), (G - G"), (A-18)
Non Non
with Ry = [07,(1 + @gggn), —(®§g” + @?Fi”(af_f,c)(l + @?g;n)]’ andR; being a3x2 matrix,

containing additional structural paramet@$%* and © f""defined in table B-2 of appendix B.
Finally, the relative discount factor equals

—p(PC — SP*C*) + (1 - p) Q = Dy Extpsn + Dao[(A — A), (M — M*),(G - G")]', (A-19)
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Non
RFi7L
Ezpin

Non Non
withD; = —-08,(1+6 ) being a scalar anb, = [08,0'F" b —eb ol ob,(1+
Non

O1Fi)] a1 x 3 vector of combinations of the structural parameters, wkEjeand©2,, are defined
in table B-2. Equations (A-17)-(A-19) allow to write the gbbn to the bond and equity holding in
the NBE economy as

[ 26 (26 —1) |' = [RoaED4R, — D RySRS] ' RoEDy. (A-20)

Nominal exchange rate in NBE economies Given the solution to nominal bonds and equity hold-
ings, the nominal exchange rate in equation (A-1) equals

pOLC(A — A%) 4 (1 — pOLC) (M — M*) + pOEC (G — G*)
p+(1=p(1-a)2—2z—2") ’

with ©4¢, 7Y and©EC defined in table B-2. In contrast to the NB economy, the NBEneowy
allows the exchange rate to transmit all three economiadiahces across countries. Again, the
equilibrium outcome of the nominal exchange rate dependl@equilibrium portfolio allocation of
bonds,b, and equitiesp. From (A-10) and (A-21) it follows that the covariance beémemarginal
costs and the nominal exchange rate in the NBE economiesecamitten as

S = (A-21)

Cov(iiie. §) — (1—pOfF) Var(M) + p@IZCVar(A)’ (A-22)
ptA-pA-a)2—z—2)
Cov(iic* §) — - (1—pOfF) Var(M*) + p@IXCVar(A*). (A-23)
pt—p)A—a)2—z—2)

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

Van(@ — (LpOH) Var( 4 35 + (pOFPVar@ 4G o
(p+(1—p)(1—a)2—2—2))
(p@ﬁc)2 Var(A+ A*)

(p+(1=p)(1-a)2—z—2%)"
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B Coefficients of the full model

B.1 Trade in bonds only

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

OFc = pO3;

03 = l+(1-p(l-a)@—z-2"
@Rgﬁ? _ 1—-2a—2(1-n)(1-a)a(2—2—2")O7 ~
Expin 2(1—a)—2(1—n)(1—a)a(2—z—z*)@£c
QRgfﬁl _ 2(1—n)(1—a)a(2—z—z*)@ﬁ
M 2(1—a)—2(1-n)(1—a)a(2—2—2*)OP
@Rg;;y _ 1—-2a—2(1-n)(1—a)a(2—2—2*)07 o —1+2a
G 2(1—a)—2(1—n)(1—a)a(2—z—z*)®§,c
o0 = (1-p)[i—(1-a)2—z—2)0f

Opc= p+(1-p)l-(1-a)(2-2-2"]07

QPC — ___ Oplbr-n(-a)a(2—z=z")]
M 2(1—a)—[2b+(1-n)(1—a)a(2—z—2*)|0% o

@PC’ _ 2(1-a)
G 2(1—a)—[2b+(1—n)(1—a)a(2—z—2z*)|0% 5

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

B.2 Trade in bonds and equities
The matrixRy is given by
Ryo™ Rpin Rpin RYe™ | o
—0300,"", o (OpE" +Og M OP)0, ™ + Tt e
Ry = _@i\q/l + @%C@MFM 7 @?an@i\q/l _ (@ggzn + @?Fm@%c)@MFm

RNQn ) ) Ran _
_@gc(l + @GF’L’!L )’ (@ggln + @anL@gC)(l + (,_)Gan ) _ 1—2a

o
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Table B-2 provides the coefficients used when assessingthéal bond and equity economies.

@Rg;f = a—14p—{p—(1—a)[z+2*+(2—2—2*)(2a(1—n)—14p)|}O3 - }
Expin — 1-2= 1{2(1 1+p—{p—(1—a)[z+2z*+(2—2z—2*)(2a(1—n)—1+p)] }@PC}

RNon

0, = [%—{2a—1+p—{p—(1—a)[2+2*+(2—2—2*)(2“(1_ m = 1+p)} % C}}

@Rgﬁ? _ o p=(1=a) (242" +(2—2—2") (2a(1-n)—(1-p)) |} O

M 1——1{2a (1—p)—{p—(1—a)[z+2*+(2—2—2*)(2a(1—n)—1+p)]} O3 C}
GRggy _ = p—{p—(1—a)[z+2"+(2—2—2*)(2a(1-n)—1+p)|}O7 - }

G =1 (20— (1-p)—{p—(1—a)[+2"+(2—2—2") a(1—7)—1+0)}O5c ]

OFfrn = [1—2a+ (0 —1)plo~!

O = [lo~ ){(1 ~ )[4 =" (2~ = =) (1~ p— 201~ )] ~ p} -
20a(1—a)(1—n)(2—2—2%]oc !

oPC _ 201-0)2
A T ) ]
{1 + (26— 1) (eﬁgn + egmegc) — 205, — =L (20— (1—p)) +
—0;1 {p—Q—-a)[z+2*+(2—2—2")(2a(1 — )—1+p )} O3 C}

{2 - (1-a)[s42"+(2—2—2") 2a(1-n)—(1-p)) [}~ (1-2¢)0 {7 —2b} ©F,

@PC’ _
M {1 + (26— 1) (eﬁgn + @ﬁmegc) — 205, — =L (20— 1+ p) +
Ll (1-a)fz+2*+(2—2—2%)(2a(l — )—1+p )N} O2c}
(1-2¢)1=22 —2-1(1-24)—1
OrC —

{1 + (20 — 1) (eﬁgn + egmegc) — 205 — =L (20— 1+ p) +
llp—(1-a)[z+2"+(2—2—2%)(2a(l —n) — 1+ p)]} O}

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

Table B-3: Summary statistics of variables used in Tablesd34a

count mean Var min max

dhb/gdp 1302 .2990385 .124145 -.47629881.719974
log(Eqg. & FDI) 1302 .2990971 .0674573.0049113 1.606499
NFA 1302-.4805071.1582936-2.372993.4253488
log(Gross Debt) 1302 .7918523 .1506004 .1549832 2.377564
Chinn-lto 1302 .13913352.147392 -1.85564 2.45573
Openness 1302 .6854251 .1447153 .1389551 2.850813
Net Exp. 1302-.0372739.0117157-.7324887.4743858
log(GDP/Pop.) 1302 7.567197 2.372067 4.606878 10.65228
log(Pop.) 1302 2.697694 2.096801-1.367304 7.15924

C.1 Data sources

We use the following variables from the following, freelycassible, data sets:

e Lane and Shambaugh (2010): debt assets in domestic cu¥entEDP, debt assets in foreign
currency % of GDP, debt liabilities in domestic currency %GIDP, and debt liabilities in
foreign currency % of GDP for 109 countries (after elimingtbutliers, see section C.2).

e The updated and extended version of the data set constrbgtecine 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 rearxchange rates (to convert into
USS$), and population.

e Campa and Goldberg (2002): change in short-run pass-threlasticities 1999 vs. 1989 in
their table 1 (expressed in percentage points). After eltimg outliers (see section C.2), we
use Austria, Germany, Greece, USA, Canada, New ZealandheNatds, Japan, Australia,
France, Denmark, Italy, Norway, Spain, Portugal, Sweddhq, U

e Eurostat: invoicing currency of all export and import godestra-EU trade) of the individual
euro countries for the year 2010.

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

e OECD Main Economic Indicators: M2. OECD Economic Outlook &vernment final con-
sumption expenditure, volume; GDPV: Gross domestic prodesiume, market prices; ET:
Total employment from 1970Q1 until 2012Q4, all for the cédtion of the shock variances.

The time period for our regression data, 1990-2004, is @idthy the length of the series in Lane and
Shambaugh (2010).
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Table B-4: Summary statistics of variables used in Tables 5.

count mean Var min max
Ex. Vol. 754 .0075362 .0006026 3.98e-06 .3054336
(A) Eqg. & FDI 754 .4063114 .1122991 .0102665 1.786552
Tot. Debt 754 .8488083.1969875 .1549832 2.880083
NFA 754 -.4133297 .156323 -2.026217.6376782
Chinn-Ito 754 4421156 2.396458 -1.85564 2.45573
Openness 754 7176627 .1546269 .1492615 2.915713

Net Exp. 754 -.0091765.0100844-.6649232.4743858
GDP/Pop. 754 8.321264 2.279793 4.606878 10.93966
Infl. Vol. 754 .0005317 2.67e-06 5.37e-07 .0183961

C.2 Data selection

Table B-5: Correlation of variables used in Tables 3 and 4.

dhb/gdp log(Eqg. & FDI) NFA log(Gross Debt) Chinn-lto OpesséNet Exp. log(GDP/Pop.)

dhb/gdp 1

log(Eg. & FDI) -0.177 1

NFA -0.843 -0.166 1

log(Gross Debt) 0.607 0.104 -0.542 1

Chinn-Ito -0.307 0.328 0.246 0.103 1

Openness 0.00603 0.294 -0.223 0.168 -0.0486 1

Net Exp. -0.231 0.215 0.211 -0.0947 0.0610 0.0720 1
log(GDP/Pop.) -0.498 0.381 0.471 -0.0720 0.562 0.0258 &.38 1
log(Pop.) -0.182 -0.146 0.266 -0.186 -0.110 -0.371 0.141 .08@&b

The financial variables (debt home bias over GDP or total,dlvh of portfolio equity and FDI as-
sets plus liabilities over GDP, net foreign assets over Gii& debt over GDP) feature some outliers.
These are mainly financial centers such as Luxembourg, Hong Ktc. As large parts of their assets
do most likely not represent asset holdings of their ownliithats (as assumed in our model), they
are not subject of our analysis. Using different ways to regnautliers gives similar results. We use
the multivariate technique to detect outliers proposedadii1992, 1994) with a significance level of
0.01 (the results are robust to changes in this value, whehehvalues tend to strengthen the results).
Defining observations that are outside of three standariitii@vs of the final sample as outliers for
each of the variables separately gives very similar results

Table B-3 summarizes the variables used in the regressiorebtes 3 and 4, while table B-5 shows
their correlations. Analogously, table B-4 summarizesvidigables used in the regressions of Tables
5 and table B-5 displays their correlations. Table B-7 digplthe countries which were used in the
regressions of Tables 3 and 4
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Table B-6: Correlation of variables used in Table 5

Ex. Vol. (A) Eq. & FDI Tot. Debt NFA Chinn-Ito Openness Net Exp. GDP/Pop.
Ex. Vol. 1

(A) Eq. & FDI -0.187 1
Tot. Debt -0.0363  0.364 1

NFA -0.0348  0.0114 -0.146 1

Chinn-lto -0.191 0.475 0.407 0254 1

Openness -0.0565  0.382 0.0790 -0.107 -0.0646 1

Net Exp. -0.0802  0.168  0.00127 0.202 0.0113 0.0255 1
GDP/Pop. -0.214 0.422 0.194 0.538 0.660 -0.0909 0.266 1
Infl. Vol. 0.642 -0.206  0.00457 -0.135 -0.250 -0.0353 -0.1150.311

Table B-7: Countries used in the regressions of Tables 3 and 4

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

Romania
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