
Does trade integration alter monetary policy transmission?∗

Tobias Cwik
Goethe University Frankfurt

Gernot J. Müller
University of Bonn and CEPR

Maik H. Wolters
Goethe University Frankfurt

September 13, 2010

Abstract
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1 Introduction

Recent research on the monetary transmission mechanism hasfocused on the quantitative perfor-

mance of dynamic stochastic general equilibrium (DSGE) models. Specifically, interest has centered

on their ability to account for the dynamic effects of monetary policy shocks as apparent from esti-

mated vector autoregression (VAR) models. In a seminal study, Christiano, Eichenbaum, and Evans

(2005) show that a medium scale new Keynesian model mimics quite closely the VAR-responses to

a monetary policy shock of as many as nine variables. This result is obtained while abstracting from

external trade altogether. Taken at face value, it suggeststhat trade integration, or openness, plays no

important role for monetary policy transmission—at least as far as a large open economy such as the

US is concerned.1

There is, however, a secular trend in trade integration, suggesting that economies are becoming con-

siderably more open over time. In the US, imports, as a fraction of GDP, have risen from about 6

percent in 1973 to about 15 percent to date. In fact, as this trend has been accelerating over the

last decade, some observers have identified increasing trade integration as an important manifesta-

tion of globalization.2 In this paper, we investigate more systematically the role of trade integration

for monetary policy transmission, where we measure trade integration by the import-to-GDP ratio.

Specifically, we assess how increasing openness alters quantitatively the effects of monetary policy

shocks on inflation and economic activity.

Taking an analytical perspective, earlier work by Clarida,Galí, and Gertler (2001) and Galí and

Monacelli (2005) has stressed the similarity between open and closed economy versions of the new

Keynesian baseline model. In fact, apart from being a sourceof additional shocks, ‘openness’ merely

alters some of the reduced-form coefficients of the canonical representation of the model which is,

in fact, shown to be isomorphic in closed and open economies.These results are important for

optimal monetary policy design in open economy models. In the special case where the intertemporal

elasticity of substitution equals the trade price elasticity, targeting domestic inflation, rather than CPI

inflation or the exchange rate is the optimal policy. De Paoli(2009) shows how this result changes

in the more general case where elasticities differ. Taking apositive perspective, Erceg, Gust, and

López-Salido (2010) analyze how differences in the transmission mechanism across closed and open

economies hinge on the relative size of these elasticities.These authors argue that—for plausible

1Other studies which employ this approach find similarly satisfactory results for variants of the new Keynesian model.
Rotemberg and Woodford (1997), Amato and Laubach (2003), Bovin and Giannoni (2006) and Meier and Müller (2006) are
examples. These studies also assume counterfactually closed economy models. Other studies have explored the empirical
performance of open economy DSGE models; yet these studies have typically not been particularly concerned with monetary
transmission, see, e.g., Lubik and Schorfheide (2006) and Adolfson, Laséen, Lindé, and Villani (2007).

2The consequences of globalization for monetary policy are widely discussed both in academia and among policy mak-
ers. Most commentators, taking a fairly general perspective, have argued that globalization does not fundamentally affect
the central bank’s ability to control the economy, see, e.g., Mishkin (2007) and Bernanke (2007). Changes brought about
by globalization may nevertheless require, as Yellen (2006) puts it, “some recalibration of policy responses”.
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calibrations—increasing openness is unlikely to alter thetransmission of monetary policy shocks in

a quantitatively important way.

However, taking up the question within the new Keynesian baseline model twists the analysis towards

finding little ‘openness effects’. A key assumption underlying the derivation of the new Keynesian

Phillips curve and, hence, its isomorphism in closed and open economies, is that the demand func-

tions faced by intermediate goods firms are characterized bya constant elasticity of substitution. This,

in turn, implies that the desired markup is independent of the price of competitors, i.e. there are no

strategic complementarities in price setting. Such complementarities arise under a more general for-

mulation of the demand functions, or, rather, the underlying aggregation technology. In this case,

the isomorphism of the new Keynesian Phillips curve in closed and open economies breaks down.

Intuitively, strategic complementarities arise not only with respect to domestic, but also with respect

to foreign competitors. Hence, the domestic currency pricecharged by foreign competitors enters

the decision problem of domestic firms and eventually the newKeynesian Phillips curve. Recently,

Guerrieri, Gust, and López-Salido (2008) have highlightedthe importance of this mechanism in ac-

counting for inflation dynamics.3 More generally, Chen, Imbs, and Scott (2009) provide evidence

suggesting that increased exposure to foreign trade has a competitive effect which is reflected in

firms’ price setting decisions.

In this paper, we take price-setting complementarities into account when exploring the role of open-

ness for monetary transmission. As a result, a new dimensionof the exchange rate channel emerges.

Traditionally, monetary policy is thought to directly impact CPI-inflation and to indirectly impact

domestic inflation via exchange rate changes, where the latter effect comes about through changes

in demand induced by ‘expenditure-switching’. In contrast, with strategic price-setting complemen-

tarities, changes in the exchange rate, which alter the domestic currency price charged by foreign

competitors, directly influence domestic inflation. The quantitative importance of this effect increases

with the openness of an economy.

Our analysis is based on a medium-scale two-country DSGE model. It features an aggregation tech-

nology which allows to combine domestically produced and imported goods and gives rise to strategic

complementarities in price-setting; in addition, the aggregation technology determines trade integra-

tion by giving unequal weight to domestically produced and imported intermediate goods. The model

also features a number of frictions which the literature hasfound to increase the empirical success of

this class of models. Overall, the model structure is rich enough to provide a quantitatively realistic

account of the monetary transmission mechanism.

As a benchmark, we compute impulse responses to a monetary policy shock within a VAR model

estimated on quarterly time-series data for the US relativeto the euro area (EA) for the period 1973–

3Specifically, they estimate the resulting variant of the newKeynesian Phillips curve on the basis of single equation
techniques. Importantly, in contrast to our analysis, theyassume that all firms engage in local currency pricing.
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2006. In addition to standard ‘closed-economy’ variables,the VAR model also includes CPI-inflation

as well as US net exports vis-à-vis the EA. We treat the impulse responses as a characterization of the

actual monetary transmission mechanism and estimate the structural parameters of the DSGE model

by matching the impulse response functions of relative variables, i.e. the response of a domestic

variable relative to its foreign counterpart. The domesticand the foreign economy in our two-country

model are meant to represent the US and the EA, respectively.As trade with the EA accounts only

for a small fraction of US trade, we assume, while estimatingthe model on US-EA data, that imports

and exports account on average for two percent of GDP, respectively.

We limit ourselves to these data, because economic structures and trade relationships with the US have

been less stable in most other regions of the world economy during our sample period. Instead, we

rely on counterfactual simulations relative to the baseline scenario and analyze how a higher degree of

openness alters the effects of a monetary policy shock. Put differently, we use our structural model to

make up for the lack of long and stable time series. In a first step, we assume that imports account for

15 percent of GDP, a value close to the actual value for the US during the last few years. In a second

step, we consider an average import share of 30 percent in order to assess the likely consequences of

a further increase in openness.

Relative to the baseline economy we find considerable differences in the dynamic adjustment of the

economy to a contractionary monetary policy shock. In more open economies domestic absorption

tends to fall less, but overall activity tends to decline more strongly, reflecting a stronger reduction

in real net exports. We also find the dynamics of inflation altered by openness. While CPI inflation

generally falls in response to the shock, because the appreciation of the exchange rate is gradually

passed-through into consumer prices, this effect grows stronger, as the economy becomes more open.

Openness similarly affects the response of domestic inflation. For this result, strategic complemen-

tarities in price setting—which our estimates suggest to besizeable—are crucial. Lastly, we find that

monetary policy’s control over inflation (both of domestic inflation and CPI inflation) increases in

the sense that the reduction in output which is necessary to bring about a given reduction in inflation

declines in more open economies.

The remainder of this paper is organized as follows. In section 2 we introduce the details of the model

economy. Section 3 presents time-series evidence from the estimated VAR model and discusses the

estimation of the DSGE model. In section 4, we take a closer look at the role of trade integration for

monetary transmission. Section 5 concludes.

2 Model

In this section we outline a two-country DSGE model which we use to study monetary policy trans-

mission in open economies. Most of the model features are standard and familiar from so-called
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medium scale DSGE models as put forward, for instance, in Christiano et al. (2005) or Smets and

Wouters (2007) in a closed economy context.4 There is a representative household in each country

which owns the capital stock and rents it out together with labor services to intermediate goods pro-

ducers on a period-by-period basis. Adjusting the level of investment is costly. International financial

markets are assumed to be complete.

We assume that each country specializes in the production ofa specific set of intermediate goods

which are manufactured by a continuum of monopolistic competitive firms. These intermediate good

firms are constrained in price setting à la Calvo and invoice exports in their own currency. Within each

country, perfectly competitive firms combine domesticallyproduced and imported goods in order to

produce wholesale goods which are not traded across countries. The aggregation technology em-

ployed by wholesale goods firms determines, for any given relative price, how many imported goods

are used to produce a unit of the wholesale good—thereby determining the degree of openness. In

addition, the aggregation technology induces demand functions for intermediate goods which are

characterized by a non-constant price elasticity of substitution (NCES). Such an aggregation technol-

ogy has recently been advocated by Gust, Leduc, and Vigfusson (2006), and Guerrieri et al. (2008) in

an open economy context. Importantly, it induces strategiccomplementarities in price-setting among

intermediate good firms not only with respect to domestic, but also with respect to foreign competi-

tors.5 This model feature allows us to account for a dimension of theexchange rate channel, which

is absent from the baseline new Keynesian open economy model. Exchange rate changes which alter

the domestic currency price of imported goods affect the pricing decision of domestic intermediate

goods producers directly within our setup. This matters forthe international transmission mechanism

to the extent that pass-through of exchange rate changes into the domestic currency price of imported

goods is sizeable. In our baseline setup we assume that pass-through is complete at the level of whole-

sale goods production, because exports are invoiced in producer currency. This assumption captures,

in a stylized manner, the observation that pass-through at the border is typically much higher than

the pass-through of border prices into consumer prices, seeGoldberg and Campa (2010) for a recent

evidence.6

We assume that pass-through of border prices into consumer prices is limited, because of a imper-

fectly competitive retail sector. In this sector a continuum of monopolistically competitive firms

4In setting up the model we also draw on earlier work on open economies by Chari, Kehoe, and McGrattan (2002),
Kollmann (2002), Galí and Monacelli (2005) and Corsetti andPesenti (2005), among others.

5The original closed economy formulation goes back to Dotseyand King (2005) or, more generally, to Kimball (1995).
Sbordone (2007) uses a similar technology when discussing the consequences of firm entry for the slope of the new Key-
nesian Phillips curve. While Gust et al. (2006) and Guerrieri et al. (2008) focus on pass-through and inflation dynamics,
respectively, we explore the implications for monetary transmission. Melitz and Ottaviano (2008) develop an alternative
setup where consumer preferences imply a “love of variety” such that an increase in openness due to an increased number
of goods alters the elasticity of demand. Hence, openness also alters the price setting decisions of domestic producers. For
reasons of tractability we consider variations in opennessonly along the intensive margin.

6We conduct a sensitivity analysis exploring to the consequences of limiting the extent of exchange rate pass-through.
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repackages and distributes wholesale goods to final consumers. As in Devereux and Engel (2002)

retailers use no resources in order to distribute wholesalegoods; they are also constrained in price

setting à la Calvo, such that changes in the price of wholesale goods (due to exchange rate changes)

are not fully passed-through into consumer prices, but partly absorbed by time-varying markups.7

In the following we give a formal exposition of the model, discussing, in turn, the problems of the

firms and the representative household. We close the model with a feedback rule to characterize

monetary policy. As both countries are symmetric, of equal size, and have isomorphic structures,

we focus on the domestic economy, i.e. on the ‘home’ country.When necessary we refer to foreign

variables by means of a star superscript.

2.1 Final goods

Domestic absorption of final goods is given as the sum of domestic consumptionCt, investmentXt,

and government spendingGt. We assume that final goods are an aggregate of differentiated retail

goods,Ft(i), with i ∈ [0, 1], which are bundled according to a standard CES aggregation technology.

Specifically, we have

Ct +Xt +Gt =

[∫ 1

0
Ft(i)

ε−1

ε di

] ε

ε−1

, ε > 1. (1)

Expenditure minimizing implies a demand function for a generic retail good

Ft(i) =

(
Pt(i)

Pt

)
−ε

(Ct +Xt +Gt), (2)

wherePt(i) denotes the price of goodi andPt =
[∫ 1

0 Pt(i)
1−εdi

] 1

1−ε

denotes the price index of final

goods (CPI).

2.2 Retail firms

We assume that retail goods are sold to final good consumers bymonopolistically competitive firms.

These retail firms repackage and redistribute a homogenous wholesale good which they purchase at

pricePW
t . Retail firms adjust prices infrequently, as they are constrained exogenously à la Calvo.

Specifically, each retail firm has the opportunity to change its price with a given probability1 − ξR.

Moreover, we assume that when a retailer has the opportunityto do so, it sets the new price in order

to maximize the expected discounted value of net profits before the realization of shocks in a given

7We model retailers as distinct from wholesale goods producers. While retailers are assumed to be monopolistically
competitive, wholesale producers operate under perfect competition. Under this assumption, the aggregation problemfaced
by wholesale producers remains managable. Note also that inthe present model nominal rigidities are critical for limiting
the extent of exchange rate pass-through. Corsetti and Dedola (2005) and Gust et al. (2006), in contrast, develop real models
of limited exchange rate pass-through.
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period.8 Retailers that do not reoptimize in a certain period, index their price to last period’s CPI

inflation,Πt−1 = Pt−1/Pt−2, as in Christiano et al. (2005). In setting the new priceP̃t(i), a generic

retailer solves

max

∞∑

k=0

ξkREt−1

(
Qt,t+kFt+k(i)

Pt+k

[
P̃t(i)

k∏

s=1

(Πt+s−1)− PW
t+k

])
, (3)

subject to the demand function (2). Profits are discounted with the stochastic discount factor,Qt,t+1,

implicitly defined below. Each retailer uses an amount of wholesale goods equal to the demand for

her retail good such that the total amount of wholesale goodsprocessed by retail firms is given by

Ft =
∫ 1
0 Ft(i)di.9

2.3 Wholesale good firms

The wholesale good consists of a continuum of intermediate goods produced domestically,At(j),

and imported from abroad,Bt(j). We usej ∈ [0, 1] to index intermediate good firms as well as their

products and prices. Wholesale goods are produced by perfectly competitive firms and are not traded

across countries.

Letting PA
t (j) denote the domestic price of a domestically produced intermediate good andPB

t (j)

the domestic price of an imported intermediate good, the problem of the representative wholesale

goods firm is to produceFt while minimizing expenditures given by

∫ 1

0
PA
t (j)At(j)dj +

∫ 1

0
PB
t (j)Bt(j)dj (4)

subject to [
V

σ−1

σ

Dt + V
σ−1

σ

Mt

] σ

σ−1

−

[
1

(1 + η)υ
− 1

]
= 1, (5)

whereVDt andVMt are defined as follows

VDt =

∫ 1

0
ω

σ

σ−1
1

(1 + η)υ

[
(1 + η)

ω

At(j)

Ft
− η

]υ
dj, (6)

VMt =

∫ 1

0
(1− ω)

σ

σ−1
1

(1 + η)υ

[
(1 + η)

(1− ω)

Bt(j)

Ft
− η

]υ
dj. (7)

The aggregation technology given by (5), (6) and (7) is set upas in Gust et al. (2006). A few remarks

concerning parameters are in order. First, the elasticity of substitution across domestically produced

intermediate goods generally differs from the elasticity of substitution across domestically produced

8In other words, periodt prices are set conditional on the information in periodt − 1, see Christiano et al. (2005). This
assumption restricts the impact response of inflation to a monetary policy shock to be zero. We also impose this restriction
to achieve identification in our estimated VAR model below.

9Due to price dispersionFt = Ct +Xt +Gt does not generally hold, but up to a first order approximation.
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and imported goods. The elasticity of substitution across goods produced within the same country is

generally time varying. In steady state it is constant and given by

ε =
1

1− υ

1

1 + η
. (8)

For given values ofυ andη, the parameterσ governs the trade price elasticity, which determines the

extent of substitution from home to foreign produced goods for a given change of the terms of trade.

It is a key parameter for the international transmission mechanism and given by

σ̃ =
−σ

(σ(υ − 1)− υ)(1 + η)
. (9)

The parameterη plays a crucial role for both elasticities. It provides a measure of how strongly our

setup deviates from the special case where the elasticity ofsubstitution is constant (CES), which is

nested in our model forη = 0. Finally, the parameterω measures the weight of domestically produced

goods in final goods in steady state.1 − ω measures the fraction of imports in wholesale goods in

steady state and thus corresponds to the import-GDP-ratio.

Optimization behavior of domestic and foreign wholesale goods firms gives rise to demand functions

for domestically produced intermediate goods

At(j) =
ω

1 + η

[(
PA
t (j)

PA
t

) 1

υ−1
(
PA
t

Γt

) σ

σ(υ−1)−υ

+ η

]
Ft, (10)

A∗

t (j) =
1− ω

1 + η

[(
PA∗

t (j)

PA∗

t

) 1

υ−1
(
PA∗

t

Γ∗

t

) σ

σ(υ−1)−υ

+ η

]
F ∗

t . (11)

PA
t andPB

t are price indices for domestically and imported goods, respectively. Expenditure mini-

mization implies

PA
t =

(∫ 1

0
PA
t (j)

υ

υ−1 dj

) υ−1

υ

, PB
t =

(∫ 1

0
PB
t (j)

υ

υ−1 dj

) υ−1

υ

, (12)

and

Γt =
[
ω(PA

t )
(σ−1)υ

σ(υ−1)−υ + (1− ω)(PB
t )

(σ−1)υ

σ(υ−1)−υ

]σ(υ−1)−υ

(σ−1)υ

. (13)

The price index for wholesale goods is given by

PW
t =

1

1 + η
Γt +

η

1 + η
ω

∫ 1

0
PA
t (j)dj +

η

1 + η
(1− ω)

∫ 1

0
PB
t (j)dj. (14)

LettingSt denote the nominal exchange rate and assuming that the law ofone price holds, we have

PB
t (j) = StP

B∗

t (j); PA
t (j) = StP

A∗

t (j). (15)

Global demand for a generic goodj is then given by

Yt(j) = At(j) +A∗

t (j). (16)
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Note that the demand function includes an additive term ifη 6= 0. As a result, price elasticities

of demand and the desired markup of intermediate goods firms will be time-varying, or, in other

words, price-setting behavior at the level of intermediategoods firms is characterized by strategic

complementarities.

2.4 Intermediate good firms

The production of intermediate goods,Yt(j), is governed by a Cobb-Douglas production function

Yt(j) = Kt(j)
θHt(j)

1−θ , (17)

whereHt(j) andKt(j) denote labor and capital employed by firmj. LettingWt andRt denote the

nominal wage rate and the rental rate of capital, respectively, minimizing costs implies for (nominal)

marginal costs

MCt(j) =
WtHt(j)

(1− θ)Yt(j)
=

RtKt(j)

θYt(j)
. (18)

We assume that price setting is constrained in the same way asfor retail firms. An intermediate good

firm has the opportunity to change its price with a given probability 1 − ξI . Moreover, we assume

that when an intermediate good firm has the opportunity to do so, it sets the new price in order to

maximize the expected discounted value of net profits beforethe realization of shocks in a given

period.10 Firms that do not reoptimize in a certain period index their price to last period’s producer

price inflation.11 In setting the new pricẽPA
t (j), a generic intermediate good firm solves

max

∞∑

k=0

ξkIEt−1

(
Qt,t+kYt+k(j)

Pt+k

[
P̃A
t (j)

k∏

s=1

(
ΠA

t+s−1

)
−MCt+k

])
, (19)

subject to the demand function (16), the production function (17) and the optimality condition on

factor inputs (18).12 ΠA
t = PA

t /PA
t−1 denotes price inflation of domestically produced goods. We

will refer to it as ‘domestic inflation’ in what follows.

2.5 Households

A representative household allocates consumption expenditures intertemporally on final goods and

supplies labor,Ht, to intermediate good firms. The preferences of the household are given by
∞∑

t=0

βt [(Ct − bCt−1)
µ(1−Ht)

1−µ]1−γ

1− γ
, (20)

10In other words, periodt prices are set conditional on the information periodt − 1, see Christiano et al. (2005). This
assumption restricts the impact response of domestic inflation to a monetary policy shock to be zero. We also impose this
assumption to achieve identification in our estimated VAR model below.

11Assuming that intermediate goods producers index to past intermediate goods price inflation, while retails index to the
past CPI inflation allows us to capture the persistence of theestimated inflation response to a monetary policy shock. We
also estimated variants of the model allowing for incomplete indexation, but typically found estimates at the upper bound
of full indexation.

12In our formulation we implicitly assume that demand for intermediate goodj is met at all times.
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whereβ is a time discount factor andb ∈ [0, 1) measures the extent of consumption habits. The

parametersγ andµ are positive constants characterizing preferences.

Households own the domestic capital stock,Kt, which is internationally immobile as are labor ser-

vices. As in Christiano et al. (2005) it may be costly to adjust the level of investment. Specifically,

the law of motion for capital is given by

Kt+1 = (1 − δ)Kt + [1− Φ(Xt/Xt−1)]Xt, (21)

whereδ denotes the depreciation rate; restrictingΦ(1) = Φ′(1) = 0 ensures that the steady state

capital stock is independent of investment adjustment costs captured byχ = Φ′′(1) > 0.

A complete set of state-contingent securities is traded at an international level. LettingΞt+1 denote

the periodt+1 payoff of the portfolio held at the end of periodt, the gross short-term nominal interest

rate,(1 + it), is implicitly defined by(1 + it)
−1 = EtQt,t+1, while the budget constraint reads as

follow:

WtHt +RtKt +Υt + Tt − Pt (Ct +Xt) = Et {Qt,t+1Ξt+1} − Ξt. (22)

Υt denotes nominal profits earned by monopolistic firms and transferred to households andTt denotes

lump-sum taxes. We assume that government spending is financed entirely through lump-sum taxes:

Tt = PtGt.

We assume that the household decides on consumption and investment expenditures in periodt before

period-t uncertainty is revealed. Subject to this additional constraint as well as to (21) and (22), the

household maximizes the expected value of (20).

2.6 Monetary Policy

To close the model, we assume that monetary policy is characterized by an interest rate feedback rule

similar to the one put forward by Clarida, Galí, and Gertler (2000). Specifically, we assume for the

interest rate

it = ρit−1 + (1− ρ)
(
i+ β−1φπ (Πt −Π) + (4Fβ)−1φy (Yt−1 − Y )

)
+ νt, (23)

where variables without time subscript refer to steady state values. The parameterρ ∈ [0, 1] captures

interest rate smoothing, whileφπ captures the long-run adjustment of the interest rate to CPIinflation.

φy measures the response to lagged output,Yt−1, in terms of deviations from steady state. We assume

that monetary policy responds to output with a lag only as it is hardly observable in real time.13

Finally, νt represents a zero-mean shock to the short-term interest rate not accounted for by the

systematic feedback rule. It thus represents a monetary policy shock.
13Under these assumptions the interest rate is predeterminedwith respect to output. This is consistent with the identi-

fication assumption imposed on the VAR below where we excludea response of the policy rate to net exports within the
quarter. In specifying (23), we scale parameters so as to allow a direct comparison which the values obtained in the empirical
literature on interest rate rules where inflation and interest rate are typically annualized.
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2.7 Model solution

We solve the model numerically by applying standard techniques. Specifically, we use (23) together

with the linearized first order conditions and constraints of the firms’ and household problem as

well as their foreign counterparts to determine the equilibrium allocation near the deterministic and

symmetric steady state. We use the approximate solution of the model to investigate the effects

of monetary policy shocks on the economy. To simplify the analysis, we focus on country differ-

ences, i.e. the behavior of a domestic variable relative to its foreign counterpart. Before discussing

our strategy to assign parameter values, we briefly turn to the implications of strategic price-setting

complementarities for the exchange rate channel of monetary policy transmission.

2.8 Inflation dynamics and the exchange rate channel

Strategic complementarities in price-setting may alter monetary policy transmission in open

economies by adding a new dimension to the exchange rate channel. Traditionally, two dimensions

of the exchange rate channel have been distinguished (see, for instance, Svensson, 2000). First, un-

der sticky prices, nominal exchange rate changes translateinto real exchange rate changes that in

turn induce an expenditure switching effect. As a result, exchange rate changes alter the demand for

domestic goods and thus affect domestic producer prices. Note that in this case, the exchange rate im-

pacts only indirectly—via demand—on domestic inflation. Second, nominal exchange rate changes

may feed directly into the prices of imported goods and henceinto CPI-inflation.

Strategic price-setting complementarities add a new dimension to the exchange rate channel. In order

to show this formally, we derive a variant of the new Keynesian Phillips curve as an approximation

of the intermediate goods firms’ price setting problem around a deterministic, zero inflation steady

state:

Et−1πt = βEt−1πt+1 + λ(1−Ψ)Et−1mct + λΨ(1− ω)
2ωσ̃

ε
Et−1q

B
t . (24)

Hereπt denotes percentage points of domestic inflation,mct measures the percentage deviation of

marginal costs from steady state andqBt denotes the percentage deviation of the relative price of

imports expressed in domestic currency.14 The coefficientλ = (1−βξI)(1− ξI)ξ
−1
I is familiar from

the new Keynesian baseline model and provides a measure for the pass-through of marginal costs

into domestic inflation. The coefficientΨ depends on the extent of strategic complementarities in

price-setting and other structural parameters of the model: Ψ = −ηε(ε(1− η)− 1)−1.

The relationship (24) governs the dynamics of domestic inflation. Note that ifη = 0, we haveΨ = 0

and the termqBt disappears from the Phillips curve. In fact, in this case thePhillips curve takes the

form which is well-known from the closed-economy new Keynesian baseline model. Clarida et al.

14Expression (24) abstracts from indexation, appendix B provides details. Note that Guerrieri et al. (2008) provide a
derivation under the assumption of local currency pricing.
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(2001) and Galí and Monacelli (2005) have stressed this isomorphism, i.e. the fact that the form of the

Phillips curve for the open economy corresponds to that of the closed economy. This case is nested

in our model.

Turning to the case where complementarities are present (η < 0 → Ψ > 0), we observe that the

relative price of imports directly matters for domestic inflation. Consider, for instance, a decrease

in the domestic currency price of imports resulting from an exchange rate appreciation. In this case,

given strategic price-setting complementarities, domestic producers will find it optimal to lower their

prices, because the price charged by foreign competitors isreduced: domestic inflation falls. In

addition to the coefficientΨ, two more parameters govern the strength of this effect. First, the larger

the trade price elasticity relative to the elasticity of substitution across domestically produced goods

(σ̃/ε), the stronger the impact of import prices on domestic inflation. Second, the impact will also be

stronger, the more open an economy. This follows from imports making up for a larger fraction of

the wholesale goods, measured by1− ω.

As a consequence, monetary policy maydirectly impactdomestic inflation via the exchange rate. A

monetary contraction which appreciates the nominal exchange rate and lowers the price of imports

reduces domestic inflation. This adds a new dimension to the exchange rate channel, which is not

present in models without price-setting complementarities.

3 Estimation

Our model is agnostic as to what drives the business cycle fluctuations as it only allows for monetary

policy shocks. Accordingly, by bringing the model to the data, we isolate fluctuations in actual time

series which can be attributed to monetary policy shocks. Specifically, we focus on the empirical

impulse response functions obtained from an estimated VAR model. We use these statistics to pin

down the values of key parameters of the DSGE model.15 To the extent that our model is able

to account for the empirical response functions, it provides an empirically plausible account of the

monetary transmission mechanism.

3.1 Empirical impulse response functions

We estimate the VAR on quarterly time series data for the period 1973–2006. We consider relative

variables as, for instance, in Clarida and Gali (1994) and Rogers (1999), and compute the difference

of a variable for the US and its counterpart for the EA. While the EA accounts only for a limited

amount of US foreign trade today, we limit ourselves to US-EAdata, because changes in economic

15A natural alternative to our limited information approach is to estimate the model using full information techniques.
This would require to take a stand of all possible sources of business cycle fluctuations, which we can avoid for the purpose
of the present study.
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Figure 1: Effects of a monetary policy shock. Notes: Shock and responses are in relative terms (US
vs EA); solid lines: point estimate of VAR model; shaded areas: bootstrapped 90 percent confidence
intervals; dashed-dotted line: responses of estimated DSGE model; Vertical axes: percentage devia-
tion from trend (consumption and investment), quarterly percentage points (inflation and interest rate)
and percent of output (net exports). Horizontal axes: quarters.

structures have been less severe in these currency areas than in other regions of the world economy

during our sample period. Specifically, we consider the log of relative consumption, the log of relative

investment, the domestic inflation rates (computed on the basis of the GDP deflator), CPI-inflation

rates, short-term interest rates, as well as US net exports,measured in percent of GDP, vis-à-vis the

EA. Interest rates and inflation rates are measured at quarterly rates.16 LettingYt denote the vector of

endogenous variables, we estimate the structural VAR model

A(L)Yt = ut, (25)

whereA(L) =
∑4

i=0 AiL
i, LYt = Yt−1 andE(utu

′

t) = I.

In order to identify (relative) monetary policy shocks, we assume thatA0 is lower triangular, i.e. we

impose the recursive identification scheme which is frequently employed to study the effects of mone-

tary policy shocks, see Kim (2001) for an open economy context. We attach a structural interpretation

only to the innovation in relative short-term interest rates. Hence, what matters for identification is

how the other variables inYt are ordered relative to this variable, see Christiano, Eichenbaum, and

16We treat CPI-inflation as the empirical counterpart of the DSGE model’s inflation rate for final goods. A detailed
description of the data is given in appendix C. We remove a constant linear trend from consumption and investment before
computing relative variables.
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Evans (1999). We order relative consumption, relative investment as well as the inflation differen-

tials before and net exports after the short-term interest rate differential. The implied identification

assumptions are consistent with our DSGE model: consumption, investment and inflation are prede-

termined relative to monetary policy shocks, while net exports are free to adjust immediately. At the

same time, our identification scheme rules out a contemporaneous response of interest rates to net

exports.17

Figure 1 displays the impulse responses to a monetary policyshock which we normalize to an in-

crease by 100 basis points of the US short rate relative to theshort rate in the EA (quarterly interest

rate). The solid line represents the point estimate, while the shaded areas indicate 90 percent confi-

dence bounds obtained from bootstrap sampling. The upper row shows the responses of consumption

and investment in relative terms; for both we find a protracted and hump-shaped decline. While

consumption falls by roughly 1.5 percent, investment fallsby about five percent, with the maximum

effect occurring between three and five quarters after the shock.

Domestic inflation responds somewhat sluggishly; the maximum decline of about 40 basis points is

observed six quarters after the shock. According to our point estimate, it takes another 3 to 4 years

for inflation to return to its pre-shock level. The response of CPI-inflation is fairly similar to that

of domestic inflation, both from a quantitative and a qualitative point of view. The response of the

interest rate differential to the exogenous innovation is mildly persistent, with the short rate returning

to its pre-shock level after about one year. Finally, US net exports display a hump-shaped increase

with the maximum effect of about 0.04 percent of output occurring after about a year.

3.2 Estimation of general equilibrium model

The second step of the analysis consists in matching empirical and theoretical impulse responses in

order to obtain estimates for the parameters of the DSGE model. This approach has gained popu-

larity in closed economy studies of monetary policy transmission following the pioneering work of

Rotemberg and Woodford (1997) and Christiano et al. (2005).

To illustrate this approach, defineIRe to be the empirical impulse response function characterizing

the data. The model itself assigns to each admissible vectorof structural parametersθ a theoretical

impulse response functionIR = IR (θ). We obtain an estimate for the parameter vector of interest,θ̂,

by minimizing the weighted distance between empirical and theoretical impulse response functions,

17Alternative approaches to identify monetary policy shocksin open economy frameworks consider monetary aggre-
gates and non-recursive identification schemes, see Eichenbaum and Evans (1995), Cushman and Zha (1997) and Kim and
Roubini (2000). More recently, Faust and Rogers (2003) and Scholl and Uhlig (2008) use sign restrictions to achieve identi-
fication. These studies have typically been concerned with the behavior of the exchange rate in the face of monetary policy
shocks and focused on the importance of the latter to accountfor fluctuations in the former. In the present paper, we are
not taking up these issues. Instead, we use the VAR responsesas a key statistic to pin down parameter values of our DSGE
model.
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i.e.,IRe andIR:

θ̂ = argmin (IRe − IR (θ))′ W (IRe − IR (θ)) , (26)

whereW represents a diagonal matrix whose entries are the reciprocal values of the variance of

the empirical impulse responses. Using this weighting matrix ensures that the theoretical impulse

responses are made to be as close to the empirical ones as possible, in terms of point-wise standard

deviations. Regarding the length of the impulse response functions, we consider 20 quarters starting

from the second quarter as most variables return to their steady state within 5 years.

The relationship between structural parameters and the implied impulse response functions is non-

linear; we therefore obtain theoretical impulse response functions by applying standard numerical

techniques. Note that our procedure only admits solution which are saddle-path stable and thus

rules out by construction any parameterization of the modelwhich would give rise to equilibrium

indeterminacy. Standard errors forθ̂ are computed using the following expression for the asymptotic

variance of our estimator, taken from Wooldridge (2002):

Âvar
(
θ̂
)
=
(
G′WG

)
−1
(
G′W Σ̂WG

) (
G′WG

)
−1

. (27)

whereG = ∇θIR represents the Jacobian of the impulse response function generated from the model

andΣ̂ denotes the variance matrix of the impulse responses obtained from bootstrap sampling.

3.3 Parametric setup

In practice, given the number of the structural parameters,it is not possible to identify all of them

simultaneously. We therefore fix those parameters prior to the estimation which are either given by

first moments of the data or are fairly uncontroversial.

First we setω = 0.98 which implies an import-to-GDP ratio of 2 percent, the average value for the

US vis-à-vis EA in our sample period, see also Chari et al. (2002) who target a value of 1.6 percent.

Moreover, we set, as, for instance, in Backus, Kehoe, and Kydland (1994)β = 0.99, γ = 2 and

µ = 0.34 as well asθ = 0.36 andδ = 0.025. In addition, we assume that government spending

accounts for 20 percent of GDP, close to the average in our sample period. Regarding price rigidities

in the intermediate goods sector, we setξI = 0.75, which implies an average duration of prices of

four quarters. This value, if somewhat high, is still consistent with evidence reported by micro studies

such as Nakamura and Steinsson (2008). We setυ such that the markup earned by intermediate goods

firms in steady state is 50 percent, in line with estimates by Smets and Wouters (2007).18

We are thus left with eight parameters for which we seek to obtain estimates by solving (26). We

estimate a value for the trade price elasticity,σ̃, by adjustingσ according to the relationship (9). In

18We setε = 100. ε does not affect the dynamics of the model, because the production function of retailers is linear.
Assuming a high value forε ensures that the markup in the retail sector is close to zero so that in steady state final good
output is equal in size to the output in the retail sector.
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Table 1: Estimated parameter values of DSGE model
Parameter Description
σ̃ Trade price elasticity 0.479

(0.035)

χ Investment adjustment costs 0.751
(0.388)

b Habits 0.842
(0.056)

φπ Inflation coefficient in policy rule 1.000
(0.740)

φy Output coefficient in policy rule 0.006
(0.242)

ρ Interest rate smoothing 0.861
(0.068)

η NCES-parameter −12.499
(8.797)

ξR Calvo-parameter (retail firms) 0.457
(0.362)

Notes: Parameter estimates obtained from matching DSGE andVAR impulse
response functions; standard errors are reported in parentheses.

addition, we pin down values for the parameters measuring investment adjustment costs,χ, habits,b,

as well as values for those parameters which specify the interest rate feedback rule:φπ, φy andρ. Two

additional parameters, which are of particular importancefor the international monetary transmission

mechanism areη which is directly related to the degree of strategic price-setting complementarities

andξR which governs the extent of price stickiness in the retail sector and thus the pass-through of

exchange rate changes into consumer price inflation.

3.4 Results

Table 1 reports results. We find plausible point estimates and fairly narrow confidence bounds implied

by the standard errors reported in parentheses. The estimated trade price elasticity is below the values

often used or found in the literature. Yet several recent studies suggest that a low trade price elasticity

may help to account for a larger set of macroeconometric observations, see Lubik and Schorfheide

(2006), Kollmann (2006) and de Walque, Smets, and Wouters (2005). We perform sensitivity analysis

regarding the role of this parameter for the international transmission mechanism below. Alsoχ, the

parameter capturing investment adjustment costs is somewhat below the value reported in Christiano

et al. (2005). This is likely to be the result of the imperfectsubstitutability of domestically produced

and imported goods, see the discussion in Backus et al. (1994).

Regarding monetary policy we find parameter values which imply a fairly loose monetary stance.

Note, however, that our solution procedure rules out equilibrium indeterminacy. The degree of interest

rate smoothing is in line with previous findings in the literature, see, for instance, Clarida et al. (2000)

for the US. We find a considerable amount of habits in consumption, somewhat above the values
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Figure 2: Demand function for intermediate goods. Notes: vertical axes: relative demand in percent;
horizontal axes: relative price in percent; solid line: CEScase (η = 0); dashed-dotted line: NCES
case, as implied by estimate.

reported in Smets and Wouters (2005) both for the euro area and the US. Finally, the estimate for the

parameterη provides a measure for the curvature of our demand functions. Our estimate is somewhat

higher than the values assumed by Gust et al. (2006) and Guerrieri et al. (2008), but close to the value

assumed by Smets and Wouters (2007) in a closed economy context.

In order to assess the implication of our estimate forη, we display in figure 2 the percentage change

in demand for a generic good (vertical axis) resulting from apercentage change in its relative price

(horizontal axis). The dashed line shows the implied demandfunction for our estimate ofη, while

the solid line displays the results forη = 0 implying a constant elasticity of substitution (CES).

Relative to the CES case, our estimate implies strongly curved demand functions. As a result, if

the relative price increases, demand falls more than proportionally, while, if the relative price falls,

demand increases less than proportionally. This induces strategic complementarities in price-setting,

which, ceteris paribus, provides firms with an incentive to limit deviations from the domestic currency

price charged by domestic and foreign competitors.

Given the estimated parameter values, we compute the impulse responses of the model and compare

them to those obtained from the VAR model. The dashed-dottedlines in the panels of figure 1

show that the model responses track the empirical responsesquite closely. All the responses are

within the confidence bounds of the VAR responses, except forthe interest rate where the response

of the model exceeds the empirical impulse response for a number of quarters. Also the theoretical

response of investment is somewhat less pronounced than itsempirical counterpart. The response of

the consumption differential, as well as those of inflation and net exports are matched particularly

closely. Overall, we conclude that the DSGE model—if evaluated at the point estimates—provides

a quantitatively satisfactory account of the monetary transmission mechanism as apparent for the

estimated VAR model.
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4 The role of openness in monetary policy transmission

In this section we take up the question which motivates our investigation: does trade integration play

a quantitatively important role for the transmission of monetary policy? Given that the estimated

DSGE model provides a structural account of the monetary transmission mechanism, we address this

question by means of counterfactual experiments.

4.1 Trade integration

While several quantitative studies have demonstrated thatit is possible to account for the evidence

on the transmission mechanism while abstracting from foreign trade altogether, we have shown that

our two-country model is able to match the impulse responsesobtained from a VAR model estimated

on data for the US relative to the EA. For this purpose we have assumed that imports account for 2

percent of GDP only, corresponding to the average share of USimports from the EA in US GDP.

Clearly, the US is more open to trade and, importantly, the import share is likely to increase further.

Yet long time series for all trading partners of the US are notavailable and/or subject to structural

breaks. In order to explore the role of trade openness for themonetary transmission mechanism

we therefore rely on model simulations. Specifically, we compare impulse responses to a monetary

policy shock obtained for the estimated model (baseline scenario) to those obtained while assuming

that imports account for 15 and 30 percent of GDP on average.

Figure 3 displays impulse responses to a domestic monetary policy shock, i.e. an exogenous increase

in the nominal interest rate by 100 basis points. We focus on the response of the variables in the

home country, rather than on relative variables as in figure 1. Horizonal axes measure quarters,

while vertical axes measure responses in percentage deviation from steady state, percent (inflation

and interest rate) or percent of output (net exports). The responses are computed using the estimated

DSGE model where all parameters, except forω (which is adjusted to target a particular steady-state

import share), are held fixed at the values of the baseline scenario. The solid lines show responses for

the baseline scenario, where imports account for 2 percent of GDP on average, while the dashed and

dashed-dotted lines show results for an average import share of 15 and 30 percent, respectively.

The response of consumption, displayed in the upper-left panel, shows a hump-shaped decline reflect-

ing habit formation. For more open economies we find the responses much more muted. In order to

understand this result, note that a contractionary monetary policy shock raises long-term real interest

rates in the domestic economy and appreciates the exchange rate and the terms of trade (not shown).

In fact, the terms of trade provide a measure for the long-term real interest rate in the home country

relative to its foreign counterpart.19 Under complete financial markets, the terms of trade, in turn, are

19This follows from solving an approximation of the uncoveredinterest rate parity condition forward, see Galí and
Monacelli (2005) for details.
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Figure 3: Effects of a monetary policy shock. Notes: the shock is an exogenous increase in domestic
nominal interest rate by 100 basis points; lines show response of domestic variables. Vertical axes:
percentage deviation from trend (consumption and investment), quarterly percentage points (inflation
and interest rate) and percent of output (net exports). Horizontal axes: quarters. Solid line: responses
for 2 percent import share (baseline); dashed line: 15 percent import share; dashed-dotted line: 30
percent; for all parameters except forω we assume the values of the (estimated) baseline scenario.
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tightly linked to (relative) consumption via the risk-sharing condition. Specifically, as emphasized by

Erceg et al. (2010), domestic consumption (relative to foreign consumption) is less sensitive to the

terms of trade, the more open an economy. In response to a given increase in relative long-term real

interest rates consumption thus declines less in more open economies.20

Similarly, investment decisions are linked to the terms of trade, as they alter the marginal return

on domestic capital, see Corsetti and Müller (2006). Intuitively, an appreciation of the terms of

trade raises, all else equal, the value of domestically produced goods in terms of final goods. For a

given appreciation of the terms of trade, this effect is stronger, the more open an economy, because

imported goods, whose relative value depreciates, make up for a larger fraction of capital goods. As

the monetary policy shock appreciates the terms of trade, wetherefore observe, in the second panel

of figure 3, a muted response of investment in more open economies. The responses are hump-shaped

because of investment adjustment costs.

Turning to the response of domestic inflation, displayed in the upper right panel, we find that it re-

sponds more strongly to monetary policy shocks in more open economies. In fact, domestic inflation

falls by about 48 basis points under a scenario where importsaccount for 30 percent, rather than by

about 33 basis points under a scenario where imports accountfor 2 percent only. The strength of the

response thus increases by some 45 percent. That openness increases the effect of monetary policy

shocks ondomestic inflation, i.e. inflation of domestically produced goods, islargely due to the new

dimension of the exchange rate channel emerging under strategic complementarities in price setting,

which according to our estimate forη are quite sizeable. Intuitively, as discussed in section 2.8 above,

to the extent that monetary policy appreciates the exchangerate, the price of imported goods falls and

induces domestic intermediate good firms to lower their prices as well. This effect is stronger, the

larger the average weight of foreign goods in the productionof wholesale goods.

The first panel in the second row of figure 3 shows the response of CPI inflation. Under the baseline

scenario the dynamics of CPI inflation mimic those of domestic inflation—in line with the VAR

evidence. While monetary policy appreciates the exchange rate and thus reduces the price of imported

goods, the effect on the overall price for final goods is fairly small, because imported goods account

for a very small fraction of overall inputs in wholesale production. Conversely, CPI inflation responds

much more sharply in more open economies. This reflects a considerable amount of exchange rate

pass-through into consumer prices. Yet pass-through of wholesale price changes and hence exchange-

rate changes into consumer prices remains limited. In fact,it is zero on impact, as retail prices are

predetermined by assumption and remains further limited asretailers adjust prices infrequently. Our

estimates suggest that retail prices are adjusted on average approximately every second quarter.

20Intuitively, the smaller the degree of home bias (i.e. the more open the economy), the less will domestic consumption
drop in response to an appreciation of the terms of trade (i.e. a rise in the relative long-term real interest rate) as a result of
full risk-sharing under complete financial markets.
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Interest rates respond endogenously to stabilize CPI inflation. The stronger fall in CPI inflation in

more open economies also provides a rationale for why policyrates decline more quickly in this

case (shown in the middle panel of the second row of figure 3). The lower right panel displays the

response of net exports (relative to GDP). While for the baseline scenario the response is muted, the

value net exports relative to GDP rises by almost one percentif imports (and exports) account for 30

percent. The response reflects a value and a substitution effect triggered by the appreciated exchange

rate: wholesale producers substitute towards foreign goods and net exports in real terms decline; at

the same time, the value of exports increases relative to thevalue of imports. Overall, we find that

net exports increase relative to GDP, as the second effect dominates due to a low estimate of the

trade-price elasticity.

4.2 Output and inflation dynamics

We now turn to results from additional experiments meant to shed light on the transmission mech-

anism implied by our estimated DSGE model. Specifically, we highlight the role of the trade price

elasticity and strategic complementarities in price setting. To simplify the discussion, we focus on

domestic absorption (the sum of consumption and investment, as government spending is constant),

(domestic) inflation, output and CPI inflation for which the responses are displayed in figure 4. Here

we consider again the responses of domestic variables to a contractionary monetary policy shock by

100 basis points. Results displayed in the left column are obtained for the baseline parameterization

and three openness scenarios (with an import share of 2, 15 and 30 percent as above). Domestic

absorption (top panel) declines less in more open economies, in line with our earlier discussion. The

responses of inflation have been discussed above and are reproduced here to allow for a comparison

with the results obtained under alternative assumptions.

The third panel shows the response of output which is somewhat more pronounced in more open

economies. As analyzed in Erceg et al. (2010), the interest-sensitivity of output increases in open-

ness if the trade price elasticity is high relative to the intertemporal elasticity of substitution.21 Our

estimates imply a relatively low value for the trade price elasticity. Nevertheless, the value for the

effective intertemporal elasticity of substitution is even lower, because habits and investment adjust-

ment costs attenuate the initial response of domestic absorption to changes in interest rates. Openness

thus raises the interest rate sensitivity of output, as the relative importance of the interest-sensitivity

of real net exports increases.

To investigate this issue further, we compute impulse responses assuming a higher value for the trade

21Specifically, they show that a weighted average of the intertemporal elasticity of substitution and the trade-price elastic-
ity determines the interest-sensitivity of output. It increases in openness if the trade price elasticity exceeds the intertemporal
elasticity of substitution and vice versa.
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Figure 4: Effects of a monetary policy shock. Notes: see figure 3; left column shows results for es-
timated model (solid lines) and two alternative openness scenarios (15 and 30 percent import share
displayed by dashed and dashed-dotted lines, respectively); middle column shows results for higher
trade price elasticity; right column shows results for CES case while assuming an unchanged coeffi-
cient on marginal costs in the Phillips curve relative to theestimated model.
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price elasticity.22 We setσ = 1.5, as, for instance, in Backus et al. (1994). Results are shownin the

middle column of figure 4. In this case, the role of openness for the output response is considerably

magnified. Output declines strongly, because net exports (in real terms) fall strongly. Note that

assuming a higher value for the trade price elasticity also changes how openness alters the response

of domestic inflation. In fact, as discussed in section 2.8 above, the larger the trade price elasticity,

the more strongly will changes in the price of imported goodsimpact on the pricing decisions of

domestic producers. As the monetary policy shock lowers, via an exchange rate appreciation, the

price of imported goods, its deflationary effect, is more strongly felt if the trade-price elasticity is

high.

In the right column of figure 4 we show impulse responses whichare computed while assuming

that there are no strategic complementarities in price setting (η = 0). All other parameter values are

unchanged relative to the baseline scenario with the exception of ξI which governs the degree of price

stickiness in the intermediate goods sector and hence the slope of the new Keynesian Phillips curve.

We adjust it so as to keep the latter unchanged relative to theestimated version.23 Absent strategic

complementarities we find the responses of domestic inflation to a monetary policy shock hardly

altered by openness.24 While openness still magnifies the response of CPI inflation due the direct

effect of lower import prices on the price of final goods, the indirect effect through a stronger response

of domestic inflation is reduced. Hence, strategic complementarities add an important dimension to

the exchange rate channel of monetary policy transmission.

4.3 Exchange rate pass-through

So far we have assumed that the law of one price holds for intermediate goods such that exchange rate

pass-through at the border is complete. As intermediate good firms set prices in their own currency

(producer currency pricing, or PCP, for short) and adjust them infrequently, exchange rate changes

alter the price paid by wholesale firms. Consequently, thereis considerable amount of expenditure

switching in response to exchange rate changes. We now analyze how our results on openness dif-

fer under the alternative assumption of local-currency pricing (LCP, for short). Here producers are

22As discussed above, our estimate for the trade price elasticity conforms well with results of recent macroeconometric
studies, but is lower than the values suggested by estimateson the basis of disaggregated data. Imbs and Mejean (2009) argue
that macroeconometric estimates can be biased as a result ofconsiderable cross-sectoral heterogeneity which characterize
disaggregated data.

23As equation (24) illustrates, the parameterη not only determines how strongly the domestic currency price of foreign
competitors matters for domestic inflation, but also how strongly changes in marginal costs are passed-through into domestic
inflation. Assuming that strategic complementarities are absent—both with respect to domestic and foreign competitors of
intermediate goods producers—thus raises, all else equal,the slope of the new Keynesian Phillips curve. Intuitively,those
firms which are able to adjust prices will do so by larger amounts in this case. In order to isolate the role of strategic
complementarities for the exchange rate channel of monetary policy transmission, we increase the value ofξI so that the
coefficient on marginal costs is unchanged relative to the estimated model whenever we setη = 0.

24Openness still induces some change in the response of domestic inflation, because output and, hence, marginal costs
fall more strongly in more open economies in response to the monetary policy contraction.
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assumed to be able to discriminate and set different prices across markets. As prices are sticky in

both currencies, exchange rate changes are not immediatelyreflected in buyers’ prices, but partially

absorbed by time-varying markups.25

We modify our model assuming that intermediate good firms which engage in LCP set two distinct

prices for the domestic and for the foreign market whenever they have the opportunity to adjust

prices.26 Specifically, we consider two alternatives relative to the PCP scenario. First, we assume

that all intermediate firms engage in LCP. Second, we consider the possibility that while domestic

firms engage in PCP, foreign firms engage in LCP. As the home country is meant to represent the US

economy, these assumptions capture in a stylized manner theobservation that international prices are

largely set in US dollars.27

Results are shown in figure 5: the left column reproduces results for the baseline scenario (PCP) to

facilitate comparison with results for full LCP (middle column) and for LCP in the foreign country

(right column). As usual, we distinguish three degrees of openness for each case. Regarding LCP,

Obstfeld and Rogoff (2000) have stressed that the terms of trade and the real exchange rate co-move

negatively under this assumption. Consumption and investment decisions are thus not tied to the

terms of trade in the same way as under PCP. We find accordinglythat openness hardly alters the

response of absorption to the monetary policy shock.

While a monetary policy contraction appreciates the real exchange rate, it weakens the terms of trade.

As a result, output falls less in more open economies reflecting an increase in net exports (in real

terms). Regarding the responses of inflation, we observe that domestic inflation falls slightly less in

more open economies under LCP. This reflects the smaller decline in marginal costs, in line with the

muted output response. Similarly, the response of CPI inflation is virtually unaffected by openness:

as there is no exchange rate pass-through at the border underLCP, the effect of exchange rate changes

is not felt at the level of final good prices either.

Results displayed in the third column show that different assumptions on the price setting behavior

of domestic (PCP) and foreign (LCP) intermediate good firms does not fundamentally alter the trans-

mission of a monetary policy shock originating in the home country relative to the baseline (PCP)

scenario. While the openness effect is somewhat reduced, the key results are basically unchanged:

domestic absorption falls less in more open economies, inflation falls more strongly, as do CPI infla-

25We treat trade openness and exchange pass-through as two distinct aspects of the international transmission mechanism.
They may be interrelated, however. Dornbusch (1987), for instance, argues that the extent of exchange rate pass-through and
goods market integration are jointly determined. Gust et al. (2006) also link trade integration and exchange rate pass-through
in a framework with strategic complementarities. However,they abstract from nominal rigidities.

26See Bergin (2006) for a similar formulation, Betts and Devereux (1996, 2000) for early contributions and Obstfeld and
Rogoff (2000) for a critical discussion. In the appendix we provide a formal outline of the model modifications.

27According to evidence surveyed by Obstfeld and Rogoff (2000) the US, where 92% of exports and 80% of imports are
invoiced in dollars, differ considerably from other countries where imports are not denominated in the destination country’s
currency to such a large extent.
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Figure 5: Effects of a monetary policy shock. Notes: see figure 3; LCP: all intermediate goods
producers engage in local currency pricing; PCP/LCP: only foreign intermediate goods producers
engage in local currency pricing.
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Table 2: Monetary policy trade-offs and openness

Baseline σ = 1.5 LCP PCP/LCP η = 0

2% Imports 5.9 6.3 6.4 5.8 5.4
15% Imports 4.2 6.4 5.9 3.6 4.5
30% Imports 3.4 6.4 5.1 2.4 3.6

Notes: Left column indicates steady-state import share; other entries: cumula-
tive reduction in output relative to CPI inflation for the first year after monetary
policy shock.

tion and output on impact.

4.4 Implications for monetary policy

We find that openness has a sizeable impact on the monetary policy transmission. In order to fully ex-

plore the implications for monetary policy one would need toaccount for business cycle fluctuations

and the shocks which initiate them, because they determine the trade-offs which systematic policy

making has to confront. Yet, while our analysis does not provide a full-fledged account of business

cycle fluctuations, we may nevertheless make a first pass on how openness alters the trade-offs faced

by monetary policy. Specifically, we ask by how much output has to be reduced in order to engineer

a certain reduction in CPI inflation.28

The entries in columns 2 to 5 of table 2 report the cumulative output response relative to the cumula-

tive response of CPI inflation for the first four quarters after the monetary policy shock for different

scenarios. The first row displays results obtained under theassumption that imports account for 2

percent of GDP, the second and third row refer to a scenario where imports account for 15 and 30 per-

cent of GDP, respectively. The first column shows results forthe baseline scenario. Here parameter

values are set according to the estimates reported in table 1above and prices are assumed to be set in

producer currency (PCP). As discussed above, both CPI inflation and output respond more strongly

to a monetary policy shock in this case. It turns out, however, that the relative reduction of output

is much smaller in more open economies, i.e., the output losswhich is necessary to bring about a

reduction in inflation is smaller. We thus find monetary policy’s control over inflation increased in

more open economies.

Strategic complementarities in price setting play some role for this result—as the right column of table

2 illustrates. Here we repeat the previous experiment whileassumingη = 0 (and adjustingξI so as to

keep the slope of the Phillips curve unchanged) and find the relative output loss somewhat less reduced

in openness. As discussed above, strategic complementarities provide monetary policy with adirect

28Our measure is thus related to the sacrifice ratio, except that we do not consider a permanent reduction in inflation.
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leverage on domestic inflation, which operates on top of the effects of a contraction in demand and

more strongly so, the more open an economy. Yet while changesin domestic inflation are eventually

passed-through into CPI inflation, openness exerts a largerimpact on CPI inflation via the direct

effect of exchange rate changes. This traditional channel gives monetary policy a better leverage over

CPI inflation in more open economies even in the absence of strategic complementarities in price

setting.29

The middle columns of table 2 show results for the alternative assumptions considered above. As-

suming a higher trade price elasticity (σ = 1.5) induces a stronger output response in more open

economies, because real net exports fall more strongly in response to a monetary contraction. As a

consequence, increasing openness does not reduce the output loss which is necessary to bring about

a reduction in CPI inflation. Assuming local currency pricing in both countries, in turn, implies a

smaller relative reduction of output in more open economies, but the openness effect is smaller than

in the PCP case. The openness effect under LCP is due to the smaller output decline in more open

economies, because inflation is hardly effected by opennessin this case.30 Finally, assuming PCP in

the home country and LCP in the foreign country gives rise to arather strong openness effect. This

is in line with the results displayed in figure 5 which show a weaker output response, but a stronger

inflation response in more open economies relative to the baseline scenario.

5 Conclusion

In this paper we explore the role of trade integration for monetary policy transmission. First, we

develop a two-country DSGE model featuring several frictions which recent business cycle research

has found to be important in accounting for several macroeconometric observations. In addition,

following Gust et al. (2006), Sbordone (2007) and Guerrieriet al. (2008), we assume a fairly general

aggregation technology which allows to combine domestically produced and imported goods. It

induces strategic complementarities in price-setting with respect to domestic and foreign competitors

such that domestic firms will find it optimal to adjust their prices in response to exchange rate changes

which alter the domestic currency price of imports—a new dimension of the exchange rate channel

by which monetary policy gains direct leverage over domestic inflation.

In order to quantify the effects of openness on monetary transmission, we estimate, in a first step, a

VAR on time series for the US relative to the EA. We identify monetary policy shocks by imposing

an identification scheme which is consistent with our theoretical model and trace out the transmission

mechanism through impulse response functions. In a second step, we find parameter values of the

29The output loss necessary to bring about a reduction indomestic inflation, instead, depends critically on the extent of
strategic complementarities.

30Our results are in line with findings reported by Erceg et al. (2010). On the basis of the SIGMA model of the FED they
compute sacrifice ratios for different degrees of openness and find no important role for the latter while assuming LCP.
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DSGE model by matching its impulse responses to those obtained from the VAR. We find that the

estimated model is generally able to mimic the empirical response functions quite closely. We also

find evidence for strategic complementarities in price setting.

In a third step, we compare the effects of a monetary policy shock in the baseline scenario (with

an import-to-GDP ratio of 2 percent) with alternative scenarios assuming a higher degree of open-

ness. We find that a contractionary monetary policy shock hasstronger output effects in more open

economies, as real net exports decline more strongly. At thesame time CPI inflation and domestic

inflation also decline more strongly in more open economies,which, in the latter case, is the result of

complementarities in price setting.

We also perform a sensitivity analysis. First, consideringa higher than estimated value for the trade

price elasticity, we find that the effects of a monetary policy shock on output and domestic inflation

increase in openness. Second, assuming that exchange rate pass-through at the border is limited be-

cause of LCP, we find the role of openness in monetary policy transmission more limited. Third,

assuming asymmetric price setting behavior where domesticfirms set export prices in their own cur-

rency, but foreign exporters in the currency of the destination country, we find the effects of domestic

monetary policy shocks comparable to those obtained under the baseline scenario.

Finally, turning to the implications for monetary policy, we compute the output loss which is neces-

sary to bring about a temporary reduction in inflation. For the baseline scenario it turns out that the

reduction in output relative to inflation is smaller in more open economies. In this sense monetary

policy’s control over domestic and CPI inflation tends to increase in more open economies.
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A The model with LCP-firms

In the following we outline the changes to the model that follow from allowing for the possibility that

a fraction of intermediate good firms (α) engages in LCP.

First, in specifying price indices for domestically produced intermediate and imported goods (i.e.

the equivalent to equation (12)), we distinguish between prices set by LCP-firms,PA,LCP
t (j), and

PCP-firms,PA,PCP
t (j):

PA
t =

(∫ α

0
PA,LCP
t (j)

υ

υ−1dj +

∫ 1

α

PA,PCP
t (j)

υ

υ−1 dj

) υ−1

υ

, (28)

PB
t =

(∫ α

0
PB,LCP
t (j)

υ

υ−1 dj +

∫ 1

α

PB,PCP
t (j)

υ

υ−1dj

) υ−1

υ

. (29)

In the general case, the price index for the wholesale good isgiven by

PW
t =

1

1 + η
Γt +

η

1 + η
ω

(∫ α

0
PA,LCP
t (j)dj +

∫ 1

α

PA,PCP
t (j)dj

)
(30)

+
η

1 + η
(1− ω)

(∫ α

0
PB,LCP
t (j)dj +

∫ 1

α

PB,PCP
t (j)dj

)
.

Note that in this case the law of one price holds for PCP-firms only:

PB,PCP
t (j) = StP

B,PCP∗

t (j); PA,PCP
t (j) = StP

A,PCP∗

t (j). (31)

Second, we have to distinguish the pricing problems of PCP- and LCP-firms. The problem of a

generic PCP-firm is given by

max

∞∑

k=0

ξkIEt−1

(
Qt,t+kYt+k(j)

Pt+k

[
P̃A,PCP
t (j)

k∏

s=1

(
ΠA

t+s−1

)
−MCt+k

])
. (32)

A generic LCP-firm sets two distinct prices for the domestic and foreign market. The domestic price

PA,LCP
t (j) is set to solve

max

∞∑

k=0

ξkIEt−1
Qt,t+kAt+k(j)

Pt+k

[
P̃A,LCP
t (j)

k∏

s=1

(
ΠA

t+s−1

)
−MCt+k

]
. (33)

Instead, the price charged on the foreign market is set foreign currencyPA,LCP∗

t (j) in order to solve

max

∞∑

k=0

ξkIEt−1

Qt,t+kA
∗

t+k(j)

Pt+k

[
St+kP̃

A,LCP∗

t (j)

k∏

s=1

(
ΠB

t+s−1

)
−MCt+k

]
. (34)
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B The New Keynesian Phillips curve

We derive the New Keynesian Phillips curve for the general case where we parameterize the fraction

of LCP firms (α). Forα = 0 the New Keynesian Phillips curve simplifies to equation (24)where we

abstract from indexation. We proceed in three steps. First,we solve the pricing problem of a generic

intermediate good LCP-firm in the domestic market (eq. 33). Next, we solve the pricing problem of

a generic intermediate good PCP-firm in the domestic market (eq. 32). Finally, we combine results

using a first order approximation to the definition of the producer price index.

B.1 Pricing problem of a LCP-firm

DefiningIt+k =
∏k

s=1(Π
A
t+s−1) and maximizing equation (33) subject to the demand function(10),

we derive the following first order condition

Et−1

∞∑

k=0

ξkIQt,t+k (Pt+k)
−1 It+k

[
1−

(
1−

MCt+k

It+kP
A,LCP
t (j)

)
εt+k(j)

]
At+k(j) = 0, (35)

where the elasticity of demand for goodj in the domestic market is

εt+k(j) =
1

1− υ


1 + η

(
PA,LCP
t (j)It+k

PA
t+k

) 1

1−υ

(
PA
t+k

Γt+k

) −σ

σ(υ−1)−υ



−1

. (36)

Rewriting equation (35) using the definition of real marginal costMCR
t = MCt

PA
t

, defining the contract

price asPAQ,LCP
t (j) = P

A,LCP
t (j)

PA
t

and linearizing gives

Et−1

[
P̂AQ,LCP
t (j)

]
=

∞∑

k=1

(βξI)
k Et−1

[
Π̂A

t+s − Π̂A
t+s−1

]

+(1− βξI)

∞∑

k=0

(βξI)
k Et−1

[
M̂C

R

t+k −
1

ε− 1
ε̂t+k(j)

]
.

In the above equation all variables are expressed in log-deviations from steady-state. Log-linearizing

the elasticity of demand for goodj equation (36), withΓQ
t = Γt

PA
t

, we get

ε̂t+k(j) = −ηε

(
P̂AQ,LCP
t (j) −

∞∑

k=1

(
Π̂A

t+s − Π̂A
t+s−1

))
+ ησ̃Γ̂Q

t+k. (37)

Substituting this expression for the demand elasticity in the first order condition, we have

Et−1

[
P̂AQ,LCP
t (j)

]
=

∞∑

k=1

(βξI)
k Et−1

[
Π̂A

t+s − Π̂A
t+s−1

]

+

(
1− βξI
1− ηε

ε−1

)
∞∑

k=0

(βξI)
k Et−1

[
M̂C

R

t+k −
ηε

ε− 1

σ̃

ε
Γ̂Q
t+k

]
.
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Using the definition of the steady state markupµ = ε
ε−1 and the definition ofΨ = −ηµ

1−ηµ
, this

expression after quasi-differencing can be written as

Et−1

[
P̂AQ,LCP
t (j)− βξI P̂

AQ,LCP
t+1 (j)

]
= βξIEt−1

(
Π̂A

t+1 − Π̂A
t

)

+(1− βξI)Et−1

[
(1−Ψ)M̂C

R

t +Ψ
σ̃

ε
Γ̂Q
t

]
.

The log-linearized version of the competitive price index equation (13) in the domestic country im-

plies that

Γ̂Q
t = (1− ω)q̂t, (38)

whereqt = PB
t

PA
t

is the relative import price in domestic currency. Using this to substitute for the

relative competitive price index above we get

Et−1

[
P̂AQ,LCP
t (j)− βξI P̂

AQ,LCP
t+1 (j)

]
= βξIEt−1

(
Π̂A

t+1 − Π̂A
t

)

+(1− βξI)Et−1

[
(1−Ψ)M̂C

R

t +Ψ
σ̃

ε
(1− ω)q̂t

]
.

B.2 Pricing problem of a PCP-firm

We can derive a similar expression for the PCP-firms. Maximizing equation (32) subject to the

demand function (16), we derive the following first order condition:

Et−1

∞∑

k=0

ξkIQt,t+k (Pt+k)
−1 It+k

[
Yt+k −

(
1−

MCt+k

It+kP
A,PCP
t (j)

)
(
εHt+k(j)At+k(j) + εFt+k(j)A

∗

t+k(j)
)
]
= 0,

where the elasticity of demand for goodj in the domestic market is similar to the LCP-firms problem

εHt+k(j) =
1

1− υ


1 + η

(
PA,PCP
t (j)It+k

PA
t+k

) 1

1−υ

(
PA
t+k

Γt+k

) −σ

σ(υ−1)−υ



−1

, (39)

and the elasticity of demand for goodj in the foreign market is given by

εFt+k(j) =
1

1− υ


1 + η

(
PA,PCP
t (j)It+k

St+kP
A∗

t+k

) 1

1−υ

(
PA∗

t+k

Γ∗

t+k

) −σ

σ(υ−1)−υ



−1

. (40)

Linearizing the first order condition of the firms problem usingPAQ,PCP
t (j) = P

A,PCP
t (j)

PA
t

gives

Et−1

[
P̂AQ,PCP
t (j)

]
=

∞∑

k=1

(βξI)
k Et−1

[
Π̂A

t+s − Π̂A
t+s−1

]

+(1− βξI)

∞∑

k=0

(βξI)
k Et−1

[
M̂C

R

t+k −
1

ε− 1
ωε̂Ht+k(j)−

1

ε− 1
(1− ω)ε̂Ft+k(j)

]
.
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Linearizing both demand elasticities definingΓQ∗

t = Γ∗

t

PA∗

t

and the law-of-one-price gap asqA∗

t =
StP

A∗

t

PA
t

gives

ε̂Ht+k(j) = −ηε

(
P̂AQ,PCP
t (j) −

∞∑

k=1

(
Π̂A

t+s − Π̂A
t+s−1

))
+ ησ̃Γ̂Q

t+k,

ε̂Ft+k(j) = −ηε

(
P̂AQ,PCP
t (j) −

∞∑

k=1

(
Π̂A

t+s − Π̂A
t+s−1

)
− q̂A∗

t+k

)
+ ησ̃Γ̂Q∗

t+k.

Substituting the demand elasticities into the first order condition and simplifying yields

Et−1

[
P̂AQ,PCP
t (j)

]
=

∞∑

k=1

(βξI)
k Et−1

[
Π̂A

t+s − Π̂A
t+s−1

]

+(1− βξI)

∞∑

k=0

(βξI)
k Et−1

[
(1−Ψ)M̂C

R

t+k +Ψω
σ̃

ε
Γ̂Q
t+k +Ψ(1− ω)

σ̃

ε
Γ̂Q∗

t+k +Ψ(1− ω)q̂A∗

t+k

]
.

After quasi-differencing, the expression can be rewrittenas

Et−1

[
P̂AQ,PCP
t (j)− βξI P̂

AQ,PCP
t+1 (j)

]
= βξIEt−1

(
Π̂A

t+1 − Π̂A
t

)

+(1− βξI)Et−1

[
(1−Ψ)M̂C

R

t +Ψω
σ̃

ε
Γ̂Q
t +Ψ(1− ω)

σ̃

ε
Γ̂Q∗

t +Ψ(1− ω)q̂A∗

t

]
.

One can linearize the competitive price index in the foreigncountry analogously to the one in the

home country defining the relative export price in foreign currency asqB∗

t = PA∗

t

PB∗

t

:

Γ̂Q∗

t = −ωq̂B∗

t (41)

Using this expression and equation (38) to substitute for the relative competitive price indices above

we get

Et−1

[
P̂AQ,PCP
t (j) − βξI P̂

AQ,PCP
t+1 (j)

]
= βξIEt−1

(
Π̂A

t+1 − Π̂A
t

)

+(1− βξI)Et−1

[
(1−Ψ)M̂C

R

t +Ψ(1− ω)ω
σ̃

ε
q̂Bt −Ψ(1− ω)ω

σ̃

ε
q̂B∗

t +Ψ(1− ω)q̂A∗

t

]
.

B.3 New Keynesian Phillips Curve

The log-linearized version of the producer price index, equation (28), reads as

αP̂AQ,LCP
t (j) + (1− α)P̂AQ,PCP

t (j) =
ξI

1− ξI

(
Π̂A

t − Π̂A
t−1

)
. (42)

Using the final equations in the two subsections above to substitute for the contract prices of LCP-

and PCP-firms one finally obtains a general formulation for the new Keynesian Phillips curve:

Et−1

(
Π̂A

t − Π̂A
t−1

)
= βEt−1

(
Π̂A

t+1 − Π̂A
t

)

+λEt−1

[
(1−Ψ)M̂C

R

t +Ψ

(
(1− ω)(α + (1− α)ω)

σ̃

ε
q̂Bt − (1− ω)ω(1− α)

σ̃

ε
q̂B∗

t + (1− ω)(1− α)q̂A∗

t

)]

32



with λ = (1− βξI)(1 − ξI)ξ
−1
I .

The special case (baseline) for PCP (α = 0) is discussed in section 2.8. In case0 < α < 1,

two terms (in addition tôqBt and marginal costs) enter the Philips curve:q̂B∗

t and q̂A∗

t . Intuitively,

a contractionary monetary policy shock which appreciates the exchange rate reduces the relative

price of imports and induces domestic firms (LCP and PCP firms)to reduce their prices (because

of strategic complementarities). As PCP-firms set only one price (in domestic currency) for both

markets, price changes in foreign markets also enter the pricing decision and eventually matter for

domestic inflation.

C Data

Our data are obtained from the OECD Economic Outlook database, see OECD (2007). We use data

for private consumption (volume), private fixed investment(excl. stockbuilding, nominal), and the

deflator for private consumption and the deflator for GDP. Thedeflator for private consumption is

used to construct the CPI-inflation series and to deflate nominal investment in a manner consistent

with the definition of real investment in the model. The GDP deflator is used to compute domestic

inflation. Measures for the US short term interest rates are also obtained from the Economic Outlook

database (interest rate, short-term). For the euro area we draw on data from the Area-Wide Model

database of the ECB, see Fagan, Henry, and Mestre (2001), STNseries. Time series for net exports

of the U.S. vis-á-vis the euro area are obtained from the IMF Direction of Trade database for the

period from 1980 onwards. We approximate earlier data drawing on the observations reported by

BEA for the period 1970–1979 for US versus Europe (US International Transactions Accounts Data).

We backtrack our original series on the basis of growth rates. Net exports are scaled by nominal GDP

obtained from the OECD Economic Outlook database.
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