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Abstract

This paper explores the role of trade integration—or opssidor monetary policy trans-
mission in a medium-scale new Keynesian model. Allowingsiwategic complementarities in
price-setting, we highlight a new dimension of the exchamagechannel by which monetary pol-
icy directly impacts domestic inflation: a monetary conti@t which appreciates the exchange
rate lowers the local currency price of imported goods; thiturn, induces domestic producers to
lower their prices too. We pin down key parameters of the rhbgenatching impulse responses
obtained from a vector autoregression on time series fotttBeelative to the euro area. Our
estimation procedure yields plausible parameter valudssaggests a strong role for strategic
complementarities. Counterfactual simulations show dip&inness alters monetary transmission
significantly. While the contractionary effect of a mongtpolicy shock on inflation and output
tends to increase in openness, we find that monetary potioyitrol over inflation increases, as
the output decline which is necessary to bring about a giedunation of inflation is smaller in
more open economies.
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1 Introduction

Recent research on the monetary transmission mechanisfodwessed on the quantitative perfor-
mance of dynamic stochastic general equilibrium (DSGE) eledSpecifically, interest has centered
on their ability to account for the dynamic effects of momggaolicy shocks as apparent from esti-
mated vector autoregression (VAR) models. In a seminalystodristiano, Eichenbaum, and Evans
(2005) show that a medium scale new Keynesian model mimids glosely the VAR-responses to
a monetary policy shock of as many as nine variables. Thidtrissobtained while abstracting from
external trade altogether. Taken at face value, it sugtfestsrade integration, or openness, plays no
important role for monetary policy transmission—at leastaa as a large open economy such as the
US is concerned.

There is, however, a secular trend in trade integrationgssiing that economies are becoming con-
siderably more open over time. In the US, imports, as a fsaadif GDP, have risen from about 6
percent in 1973 to about 15 percent to date. In fact, as tarsdthas been accelerating over the
last decade, some observers have identified increasing iméegration as an important manifesta-
tion of globalizatior? In this paper, we investigate more systematically the rokeadle integration
for monetary policy transmission, where we measure traghgiation by the import-to-GDP ratio.
Specifically, we assess how increasing openness altersitatinaly the effects of monetary policy
shocks on inflation and economic activity.

Taking an analytical perspective, earlier work by Clari@sli, and Gertler (2001) and Gali and
Monacelli (2005) has stressed the similarity between opeihcdosed economy versions of the new
Keynesian baseline model. In fact, apart from being a saofradditional shocks, ‘openness’ merely
alters some of the reduced-form coefficients of the canbrégaesentation of the model which is,
in fact, shown to be isomorphic in closed and open economidgese results are important for
optimal monetary policy design in open economy models. érsiecial case where the intertemporal
elasticity of substitution equals the trade price elastitargeting domestic inflation, rather than CPI
inflation or the exchange rate is the optimal policy. De P&#D09) shows how this result changes
in the more general case where elasticities differ. Takiqgsitive perspective, Erceg, Gust, and
Lopez-Salido (2010) analyze how differences in the trassion mechanism across closed and open
economies hinge on the relative size of these elasticifidese authors argue that—for plausible

10ther studies which employ this approach find similarlysfatitory results for variants of the new Keynesian model.
Rotemberg and Woodford (1997), Amato and Laubach (2003)irBnd Giannoni (2006) and Meier and Muller (2006) are
examples. These studies also assume counterfactualgdctm®nomy models. Other studies have explored the enipirica
performance of open economy DSGE models; yet these stualredypically not been particularly concerned with monetar
transmission, see, e.g., Lubik and Schorfheide (2006) atalfgon, Laséen, Lindé, and Villani (2007).

The consequences of globalization for monetary policy ddeby discussed both in academia and among policy mak-
ers. Most commentators, taking a fairly general perspectiave argued that globalization does not fundamentaigctaf
the central bank’s ability to control the economy, see,, &dishkin (2007) and Bernanke (2007). Changes brought about
by globalization may nevertheless require, as Yellen (2Q06s it, “some recalibration of policy responses”.



calibrations—increasing openness is unlikely to altertthasmission of monetary policy shocks in
a quantitatively important way.

However, taking up the question within the new Keynesiarelas model twists the analysis towards
finding little ‘openness effects’. A key assumption undexdythe derivation of the new Keynesian
Phillips curve and, hence, its isomorphism in closed anch@g@®nomies, is that the demand func-
tions faced by intermediate goods firms are characterizeddoystant elasticity of substitution. This,
in turn, implies that the desired markup is independent efgtice of competitors, i.e. there are no
strategic complementarities in price setting. Such compl&arities arise under a more general for-
mulation of the demand functions, or, rather, the undeglyaggregation technology. In this case,
the isomorphism of the new Keynesian Phillips curve in albaed open economies breaks down.
Intuitively, strategic complementarities arise not onlghwespect to domestic, but also with respect
to foreign competitors. Hence, the domestic currency mlt@rged by foreign competitors enters
the decision problem of domestic firms and eventually the Kewnesian Phillips curve. Recently,
Guerrieri, Gust, and Lopez-Salido (2008) have highlightedlimportance of this mechanism in ac-
counting for inflation dynamic3. More generally, Chen, Imbs, and Scott (2009) provide ewiden
suggesting that increased exposure to foreign trade hasnpetitive effect which is reflected in
firms’ price setting decisions.

In this paper, we take price-setting complementarities atcount when exploring the role of open-
ness for monetary transmission. As a result, a new dimermsgitite exchange rate channel emerges.
Traditionally, monetary policy is thought to directly imgaCPI-inflation and to indirectly impact
domestic inflation via exchange rate changes, where ther laftect comes about through changes
in demand induced by ‘expenditure-switching’. In contragth strategic price-setting complemen-
tarities, changes in the exchange rate, which alter the diieneurrency price charged by foreign
competitors, directly influence domestic inflation. Themfitative importance of this effect increases
with the openness of an economy.

Our analysis is based on a medium-scale two-country DSGEemtideatures an aggregation tech-
nology which allows to combine domestically produced anpanted goods and gives rise to strategic
complementarities in price-setting; in addition, the aggtion technology determines trade integra-
tion by giving unequal weight to domestically produced angdaorted intermediate goods. The model
also features a number of frictions which the literaturefbasd to increase the empirical success of
this class of models. Overall, the model structure is richugi to provide a quantitatively realistic
account of the monetary transmission mechanism.

As a benchmark, we compute impulse responses to a monettey pbock within a VAR model
estimated on quarterly time-series data for the US relébiibe euro area (EA) for the period 1973—

SSpecifically, they estimate the resulting variant of the riésynesian Phillips curve on the basis of single equation
techniques. Importantly, in contrast to our analysis, th&sume that all firms engage in local currency pricing.



2006. In addition to standard ‘closed-economy’ varialtles VAR model also includes CPI-inflation
as well as US net exports vis-a-vis the EA. We treat the imgordsponses as a characterization of the
actual monetary transmission mechanism and estimatertietgtal parameters of the DSGE model
by matching the impulse response functions of relativeatdess, i.e. the response of a domestic
variable relative to its foreign counterpart. The domesiid the foreign economy in our two-country
model are meant to represent the US and the EA, respectifslirade with the EA accounts only
for a small fraction of US trade, we assume, while estimattigmodel on US-EA data, that imports
and exports account on average for two percent of GDP, régelyc

We limit ourselves to these data, because economic staescéund trade relationships with the US have
been less stable in most other regions of the world economggour sample period. Instead, we
rely on counterfactual simulations relative to the bageticenario and analyze how a higher degree of
openness alters the effects of a monetary policy shock. ifertahtly, we use our structural model to
make up for the lack of long and stable time series. In a fiegt,ste assume that imports account for
15 percent of GDP, a value close to the actual value for the Wiglthe last few years. In a second
step, we consider an average import share of 30 percentén twdssess the likely consequences of
a further increase in openness.

Relative to the baseline economy we find considerable diffegs in the dynamic adjustment of the
economy to a contractionary monetary policy shock. In mgrenceconomies domestic absorption
tends to fall less, but overall activity tends to decline enstrongly, reflecting a stronger reduction
in real net exports. We also find the dynamics of inflationralleby openness. While CPI inflation
generally falls in response to the shock, because the appogcof the exchange rate is gradually
passed-through into consumer prices, this effect growsgér, as the economy becomes more open.
Openness similarly affects the response of domestic ioflati-or this result, strategic complemen-
tarities in price setting—which our estimates suggest teibeable—are crucial. Lastly, we find that
monetary policy’s control over inflation (both of domestidlation and CPI inflation) increases in
the sense that the reduction in output which is necessamyrig About a given reduction in inflation
declines in more open economies.

The remainder of this paper is organized as follows. In sa@iwe introduce the details of the model
economy. Section 3 presents time-series evidence fromstitaaed VAR model and discusses the
estimation of the DSGE model. In section 4, we take a closw®s & the role of trade integration for
monetary transmission. Section 5 concludes.

2 Model

In this section we outline a two-country DSGE model which e to study monetary policy trans-
mission in open economies. Most of the model features arelatd and familiar from so-called



medium scale DSGE models as put forward, for instance, ifis@mo et al. (2005) or Smets and
Wouters (2007) in a closed economy contexthere is a representative household in each country
which owns the capital stock and rents it out together wiltotaservices to intermediate goods pro-
ducers on a period-by-period basis. Adjusting the leveheéstment is costly. International financial
markets are assumed to be complete.

We assume that each country specializes in the productienspiecific set of intermediate goods
which are manufactured by a continuum of monopolistic caitipe firms. These intermediate good
firms are constrained in price setting & la Calvo and invokp®#s in their own currency. Within each
country, perfectly competitive firms combine domesticglfgduced and imported goods in order to
produce wholesale goods which are not traded across cesintfihe aggregation technology em-
ployed by wholesale goods firms determines, for any giveative price, how many imported goods
are used to produce a unit of the wholesale good—therebyndigieg the degree of openness. In
addition, the aggregation technology induces demand ifumstfor intermediate goods which are
characterized by a non-constant price elasticity of stuigin (NCES). Such an aggregation technol-
ogy has recently been advocated by Gust, Leduc, and Vigh(28®6), and Guerrieri et al. (2008) in
an open economy context. Importantly, it induces strategiplementarities in price-setting among
intermediate good firms not only with respect to domestit abso with respect to foreign competi-
tors® This model feature allows us to account for a dimension oftkehange rate channel, which
is absent from the baseline new Keynesian open economy rexighange rate changes which alter
the domestic currency price of imported goods affect theimgi decision of domestic intermediate
goods producers directly within our setup. This mattergterinternational transmission mechanism
to the extent that pass-through of exchange rate changethantdomestic currency price of imported
goods s sizeable. In our baseline setup we assume thatipasgth is complete at the level of whole-
sale goods production, because exports are invoiced inupesaturrency. This assumption captures,
in a stylized manner, the observation that pass-througheaborder is typically much higher than
the pass-through of border prices into consumer pricesGséberg and Campa (2010) for a recent
evidencé.

We assume that pass-through of border prices into consuriceisgs limited, because of a imper-
fectly competitive retail sector. In this sector a contimuof monopolistically competitive firms

“In setting up the model we also draw on earlier work on opemeuies by Chari, Kehoe, and McGrattan (2002),
Kollmann (2002), Gali and Monacelli (2005) and Corsetti Redenti (2005), among others.

5The original closed economy formulation goes back to Dogs&yKing (2005) or, more generally, to Kimball (1995).
Sbordone (2007) uses a similar technology when discuskagdnsequences of firm entry for the slope of the new Key-
nesian Phillips curve. While Gust et al. (2006) and Gueargeal. (2008) focus on pass-through and inflation dynamics,
respectively, we explore the implications for monetarysraission. Melitz and Ottaviano (2008) develop an altéreat
setup where consumer preferences imply a “love of variatghghat an increase in openness due to an increased number
of goods alters the elasticity of demand. Hence, opennessa#iers the price setting decisions of domestic produéens
reasons of tractability we consider variations in openmedg along the intensive margin.

5\We conduct a sensitivity analysis exploring to the conseges of limiting the extent of exchange rate pass-through.



repackages and distributes wholesale goods to final consums in Devereux and Engel (2002)
retailers use no resources in order to distribute wholegadels; they are also constrained in price
setting a la Calvo, such that changes in the price of whaeagabds (due to exchange rate changes)
are not fully passed-through into consumer prices, butypabisorbed by time-varying markups.

In the following we give a formal exposition of the model, dissing, in turn, the problems of the
firms and the representative household. We close the modelavMeedback rule to characterize
monetary policy. As both countries are symmetric, of eqimd,sand have isomorphic structures,
we focus on the domestic economy, i.e. on the ‘home’ coumifigen 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 dimesnsumptior(;, investmentX;,

and government spending;. We assume that final goods are an aggregate of differethtiatalil
goods,F (i), with 7 € [0, 1], which are bundled according to a standard CES aggregattmology.
Specifically, we have

&
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Ci + X + Gy = [/ Fy (i)
0

Expenditure minimizing implies a demand function for a geneetail good
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whereP; (i) denotes the price of goacand P, = [fol Pt(z‘)lffdz} % denotes the price index of final
goods (CPI).

2.2 Retall firms

We assume that retail goods are sold to final good consumearhyppolistically competitive firms.
These retail firms repackage and redistribute a homogenbakesale good which they purchase at
price P}V, Retail firms adjust prices infrequently, as they are comstthexogenously a la Calvo.
Specifically, each retail firm has the opportunity to charggiice with a given probability — &x.
Moreover, we assume that when a retailer has the opporttmdy so, it sets the new price in order
to maximize the expected discounted value of net profitsrbdfte realization of shocks in a given

"We model retailers as distinct from wholesale goods praguc@/hile retailers are assumed to be monopolistically
competitive, wholesale producers operate under perfespetition. Under this assumption, the aggregation probiterad
by wholesale producers remains managable. Note also thia jpresent model nominal rigidities are critical for limg
the extent of exchange rate pass-through. Corsetti andi®€05) and Gust et al. (2006), in contrast, develop realaiso
of limited exchange rate pass-through.



period? Retailers that do not reoptimize in a certain period, indeirtprice to last period’s CPI
inflation, 1T,y = P,_1/P,—2, as in Christiano et al. (2005). In setting the new pnﬁ(a’), a generic

) ; ®3)

subject to the demand function (2). Profits are discountéll the stochastic discount fact@p; ;41,

retailer solves

o .
F,
maXfozth <—Qt’t+k 210
k=0
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k
B(i) [T (M) = P,
s=1

implicitly defined below. Each retailer uses an amount of \ekale goods equal to the demand for
her retail good such that the total amount of wholesale gpodsessed by retail firms is given by
Fy = [ F(i)di

2.3 Wholesale good firms

The wholesale good consists of a continuum of intermediatelg produced domesticallyl;(j),
and imported from abroads;(j). We usej € [0, 1] to index intermediate good firms as well as their
products and prices. Wholesale goods are produced by ggrfempetitive firms and are not traded
across countries.

Letting P/(j) denote the domestic price of a domestically produced irediate good and®? (j)
the domestic price of an imported intermediate good, thdlpro of the representative wholesale
goods firm is to producé; while minimizing expenditures given by

1 1
| Poa+ [ PEGBG @
subject to
o1 2=1155 1
[thg + Vi } - [m - 1} =1 (5)
whereVp, andV,,, are defined as follows
e 1 (1+m) Aly) !
Vpe = o1 — dj, 6
el s SR K ©
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The aggregation technology given by (5), (6) and (7) is setsuim Gust et al. (2006). A few remarks
concerning parameters are in order. First, the elasti¢isubstitution across domestically produced
intermediate goods generally differs from the elasticitgubstitution across domestically produced

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

°Due to price dispersiof; = C; + X; + G, does not generally hold, but up to a first order approximation



and imported goods. The elasticity of substitution acrasxlg produced within the same country is
generally time varying. In steady state it is constant andrgby
1 1

iy e ©

For given values of andn, the parameter governs the trade price elasticity, which determines the
extent of substitution from home to foreign produced goadsifgiven change of the terms of trade.
It is a key parameter for the international transmissionimetsm and given by
—0
&= : 9)
(o(v—1)—v)(1+n)

The parameten plays a crucial role for both elasticities. It provides a sw@a of how strongly our

setup deviates from the special case where the elasticiyludtitution is constant (CES), which is
nested in our model foy = 0. Finally, the parameteys measures the weight of domestically produced
goods in final goods in steady state— w 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 wholesaledgfirms gives rise to demand functions
for domestically produced intermediate goods

W PA(j) ﬁ PA a(ufdﬁ
A (i) = t i F, 10
0= = | () (R | B, (10)
1—w PA*(j) ﬁ PA* m
AF(7) = t it Fr. 11
+(7) Trn <PtA* ¥ +n| F; (11)

P/ and PP are price indices for domestically and imported goods,eetiyely. Expenditure mini-
mization implies

v—1 v—1

1 S 1 .
re= ([ rro=a) o= ([ rroEa) 12)
0 0

and ow-1)—w
(c—1v (e=Dv c—1)v
Ty = [w(PA) + (1 - w)(PF)7e | 7 (13)
The price index for wholesale goods is given by
P-4 1 w/l PG+ ——(1 —w)/lP%)dj (14)
t 1+n L+~ Jo 147 o |

Letting S; denote the nominal exchange rate and assuming that the lamegdrice holds, we have
PP () = S:PP(j); B = SiPM(G). (15)

Global demand for a generic gogds then given by
Yi(5) = AG) + AL () (16)

8



Note that the demand function includes an additive term ¥ 0. As a result, price elasticities
of demand and the desired markup of intermediate goods firithdevtime-varying, or, in other
words, price-setting behavior at the level of intermed@goeds firms is characterized by strategic
complementarities.

2.4 Intermediate good firms

The production of intermediate goods(;), is governed by a Cobb-Douglas production function
Yi(j) = Ki(5)" Ho(5)' 7, (17)

whereH;(j) and K;(j) denote labor and capital employed by fijmLetting W; and R; denote the
nominal wage rate and the rental rate of capital, respédgtivenimizing costs implies for (nominal)

marginal costs

WiH:(j) _ RiK:(j)
(1=0)Yi(j)  0Yi(y)
We assume that price setting is constrained in the same whay aail firms. An intermediate good

Mct(j) =

(18)

firm has the opportunity to change its price with a given plilidg 1 — £;. Moreover, we assume
that when an intermediate good firm has the opportunity toajdt sets the new price in order to
maximize the expected discounted value of net profits befogerealization of shocks in a given
period!® Firms that do not reoptimize in a certain period index theicgto last period’s producer
price inflation!! In setting the new pric&” (), a generic intermediate good firm solves

) ; (19)

subject to the demand function (16), the production fumc{ib7) and the optimality condition on

k
PAG) [T (Mfys-1) — MCyypa,

s=1

o .
Y;
max Z §§Et—1 (Qt,t-i—k t+k(])
k=0

Py

factor inputs (18)2 II = P{‘/Pgﬁl 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 expgediintertemporally on final goods and
supplies laborH,, to intermediate good firms. The preferences of the houdetrelgiven by

iﬂt [(Cy = bCy )" (1 — H)' M)
t=0

T , (20)

1% other words, period prices are set conditional on the information period 1, see Christiano et al. (2005). This
assumption restricts the impact response of domesticiorila&d a monetary policy shock to be zero. We also impose this
assumption to achieve identification in our estimated VARIatdelow.

HAssuming that intermediate goods producers index to pasinrediate goods price inflation, while retails index to the
past CPI inflation allows us to capture the persistence oésftienated inflation response to a monetary policy shock. We
also estimated variants of the model allowing for inconmgietexation, but typically found estimates at the uppemblou
of full indexation.

2In our formulation we implicitly assume that demand for imediate good is met at all times.



where 3 is a time discount factor anld € [0, 1) measures the extent of consumption habits. The
parameters andyu are positive constants characterizing preferences.

Households own the domestic capital sto&k, which is internationally immobile as are labor ser-
vices. As in Christiano et al. (2005) it may be costly to atljhe level of investment. Specifically,
the law of motion for capital is given by

Ky = (1= 0) Ky + [1 — (X /Xp-1)] X, (21)

whered denotes the depreciation rate; restrictibgl) = ®'(1) = 0 ensures that the steady state
capital stock is independent of investment adjustmensazgttured by = ®”(1) > 0.
A complete set of state-contingent securities is tradech atternational level. Letting,,; denote
the period + 1 payoff of the portfolio held at the end of periodhe gross short-term nominal interest
rate, (1 + 4;), is implicitly defined by(1 +i;)~! = EiQ¢+1, while the budget constraint reads as
follow:

WiH; + R Ky + Yy + Ty — P (Cr + Xy) = By {Qr 4415041} — E¢. (22)

T, denotes nominal profits earned by monopolistic firms andfeared to households afigldenotes
lump-sum taxes. We assume that government spending is &damtirely through lump-sum taxes:
T = P.Gh.

We assume that the household decides on consumption arstiresgt expenditures in periothefore
period+ uncertainty is revealed. Subject to this additional caistras 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 ctearaet by an interest rate feedback rule
similar to the one put forward by Clarida, Gali, and Gert0J0). Specifically, we assume for the
interest rate

iv = pir—1+ (1= p) (i + B or (I = I0) + (4FB) "'y (Vi1 = Y)) + w1, (23)

where variables without time subscript refer to steadyestatues. The parameterc [0, 1] captures
interest rate smoothing, while, captures the long-run adjustment of the interest rate tar@Rtion.

¢, measures the response to lagged oufidut,, in terms of deviations from steady state. We assume
that monetary policy responds to output with a lag only as ihardly observable in real tinté.
Finally, v; represents a zero-mean shock to the short-term intereshataccounted for by the
systematic feedback rule. It thus represents a monetaigysiiock.

Under these assumptions the interest rate is predetermiitiedespect to output. This is consistent with the identi-
fication assumption imposed on the VAR below where we excludesponse of the policy rate to net exports within the
quarter. In specifying (23), we scale parameters so asdw alldirect comparison which the values obtained in the eoapbir
literature on interest rate rules where inflation and irgerate are typically annualized.
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2.7 Model solution

We solve the model numerically by applying standard tealesq Specifically, we use (23) together
with the linearized first order conditions and constraintshe firms’ and household problem as
well as their foreign counterparts to determine the equulib allocation near the deterministic and
symmetric steady state. We use the approximate solutioheofrtodel to investigate the effects
of monetary policy shocks on the economy. To simplify thelgsig, we focus on country differ-
ences, i.e. the behavior of a domestic variable relativéstéoreign counterpart. Before discussing
our strategy to assign parameter values, we briefly turndartiplications of strategic price-setting
complementarities for the exchange rate channel of monptdicy transmission.

2.8 Inflation dynamics and the exchange rate channel

Strategic complementarities in price-setting may alternetary policy transmission in open
economies by adding a new dimension to the exchange rateehafraditionally, two dimensions
of the exchange rate channel have been distinguished (geasfance, Svensson, 2000). First, un-
der sticky prices, nominal exchange rate changes tranisititeeal exchange rate changes that in
turn induce an expenditure switching effect. As a resulthexige rate changes alter the demand for
domestic goods and thus affect domestic producer pricete tNat in this case, the exchange rate im-
pacts only indirectly—via demand—on domestic inflationc@wed, nominal exchange rate changes
may feed directly into the prices of imported goods and hémoeCPI-inflation.
Strategic price-setting complementarities add a new danarto the exchange rate channel. In order
to show this formally, we derive a variant of the new Keyned?hillips curve as an approximation
of the intermediate goods firms’ price setting problem atbardeterministic, zero inflation steady
state: )

By mi = BE; 1miy + M1 — U)Ey_yme; + AT(1 — W)Q‘*’T"Et,lqﬁ. (24)

Herer; denotes percentage points of domestic inflatiain; measures the percentage deviation of
marginal costs from steady state agfél denotes the percentage deviation of the relative price of
imports expressed in domestic curredtylhe coefficients = (1 — 3¢7)(1 — 51)5;1 is familiar from

the new Keynesian baseline model and provides a measurbdgass-through of marginal costs
into domestic inflation. The coefficiendt depends on the extent of strategic complementarities in
price-setting and other structural parameters of the moldet —ne(e(1 —n) — 1)~ L.

The relationship (24) governs the dynamics of domestictinfta Note that ifp = 0, we havel = 0

and the termy disappears from the Phillips curve. In fact, in this caseRh#llips curve takes the
form which is well-known from the closed-economy new Keyiaadaseline model. Clarida et al.

YExpression (24) abstracts from indexation, appendix B igesv/details. Note that Guerrieri et al. (2008) provide a
derivation under the assumption of local currency pricing.
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(2001) and Gali and Monacelli (2005) have stressed thisasphism, i.e. the fact that the form of the
Phillips curve for the open economy corresponds to that®fttbsed economy. This case is nested
in our model.

Turning to the case where complementarities are pregert ) — ¥ > 0), we observe that the
relative price of imports directly matters for domestic atitbn. Consider, for instance, a decrease
in the domestic currency price of imports resulting from aohange rate appreciation. In this case,
given strategic price-setting complementarities, doiag@sbducers will find it optimal to lower their
prices, because the price charged by foreign competitorsdsced: domestic inflation falls. In
addition to the coefficien¥, two more parameters govern the strength of this effecst,Riie larger
the trade price elasticity relative to the elasticity of stitition across domestically produced goods
(¢ /€), the stronger the impact of import prices on domestic imftatSecond, the impact will also be
stronger, the more open an economy. This follows from ingooraking up for a larger fraction of
the wholesale goods, measurediby w.

As a consequence, monetary policy nuisectly impactdomestic inflation via the exchange rate. A
monetary contraction which appreciates the nominal exghaate and lowers the price of imports
reduces domestic inflation. This adds a new dimension toxbkamge rate channel, which is not
present in models without price-setting complementaitie

3 Estimation

Our model is agnostic as to what drives the business cycleiéitions as it only allows for monetary
policy shocks. Accordingly, by bringing the model to thealate isolate fluctuations in actual time
series which can be attributed to monetary policy shocksectipally, we focus on the empirical

impulse response functions obtained from an estimated VAReh We use these statistics to pin
down the values of key parameters of the DSGE métleTo the extent that our model is able
to account for the empirical response functions, it prosida empirically plausible account of the

monetary transmission mechanism.

3.1 Empirical impulse response functions

We estimate the VAR on quarterly time series data for theopeti973-2006. We consider relative
variables as, for instance, in Clarida and Gali (1994) angeR®(1999), and compute the difference
of a variable for the US and its counterpart for the EA. While £EA accounts only for a limited
amount of US foreign trade today, we limit ourselves to US<&4a, because changes in economic

15A natural alternative to our limited information approashtd estimate the model using full information techniques.
This would require to take a stand of all possible sourceaisintess cycle fluctuations, which we can avoid for the puepos
of the present study.
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Figure 1: Effects of a monetary policy shock. Notes: Shoak @sponses are in relative terms (US
vs EA); solid lines: point estimate of VAR model; shaded ardsotstrapped 90 percent confidence
intervals; dashed-dotted line: responses of estimatedED@Gdel; Vertical axes: percentage devia-
tion from trend (consumption and investment), quartericertage points (inflation and interest rate)
and percent of output (net exports). Horizontal axes: gquart

structures have been less severe in these currency areas thiker regions of the world economy
during our sample period. Specifically, we consider the laglative consumption, the log of relative
investment, the domestic inflation rates (computed on tiséshi the GDP deflator), CPI-inflation
rates, short-term interest rates, as well as US net expoeasured in percent of GDP, vis-a-vis the
EA. Interest rates and inflation rates are measured at glyarées!® Letting Y; denote the vector of
endogenous variables, we estimate the structural VAR model

A(L)Y; = uy, (25)

whereA(L) = S} ALY, LY; = Yy andE(ugu)) = I.

In order to identify (relative) monetary policy shocks, wesame thatl is lower triangular, i.e. we
impose the recursive identification scheme which is fretjyemployed to study the effects of mone-
tary policy shocks, see Kim (2001) for an open economy cdnt®g attach a structural interpretation
only to the innovation in relative short-term interest satélence, what matters for identification is
how the other variables iii; are ordered relative to this variable, see Christiano, éiblaum, and

%we treat CPl-inflation as the empirical counterpart of theGESmodel’s inflation rate for final goods. A detailed
description of the data is given in appendix C. We remove ateon linear trend from consumption and investment before
computing relative variables.
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Evans (1999). We order relative consumption, relative stment as well as the inflation differen-
tials before and net exports after the short-term inteiegst differential. The implied identification
assumptions are consistent with our DSGE model: consumptigestment and inflation are prede-
termined relative to monetary policy shocks, while net etpare free to adjust immediately. At the
same time, our identification scheme rules out a contemportasiresponse of interest rates to net
exportst’

Figure 1 displays the impulse responses to a monetary psiiogk which we normalize to an in-
crease by 100 basis points of the US short rate relative tehbd rate in the EA (quarterly interest
rate). The solid line represents the point estimate, whitkeshaded areas indicate 90 percent confi-
dence bounds obtained from bootstrap sampling. The uppeshiows the responses of consumption
and investment in relative terms; for both we find a protrdaad hump-shaped decline. While
consumption falls by roughly 1.5 percent, investment fajlsabout five percent, with the maximum
effect occurring between three and five quarters after theksh

Domestic inflation responds somewhat sluggishly; the marindecline of about 40 basis points is
observed six quarters after the shock. According to ourtpestimate, it takes another 3 to 4 years
for inflation to return to its pre-shock level. The respon§€PBI-inflation is fairly similar to that

of domestic inflation, both from a quantitative and a qualieapoint of view. The response of the
interest rate differential to the exogenous innovationiigliypersistent, with the short rate returning
to its pre-shock level after about one year. Finally, US mxgbets display a hump-shaped increase
with the maximum effect of about 0.04 percent of output odografter about a year.

3.2 Estimation of general equilibrium model

The second step of the analysis consists in matching erapait theoretical impulse responses in
order to obtain estimates for the parameters of the DSGE Inddhes approach has gained popu-
larity in closed economy studies of monetary policy trarssiain following the pioneering work of
Rotemberg and Woodford (1997) and Christiano et al. (2005).

To illustrate this approach, defingk* to be the empirical impulse response function charactegizi
the data. The model itself assigns to each admissible vettiructural parametersa theoretical
impulse response functidik = IR (6). We obtain an estimate for the parameter vector of intefest,
by minimizing the weighted distance between empirical dr@btetical impulse response functions,

Yalternative approaches to identify monetary policy shoirk®pen economy frameworks consider monetary aggre-
gates and non-recursive identification schemes, see Hahemand Evans (1995), Cushman and Zha (1997) and Kim and
Roubini (2000). More recently, Faust and Rogers (2003) ambiBand Uhlig (2008) use sign restrictions to achieve iden
fication. These studies have typically been concerned Wétbehavior of the exchange rate in the face of monetaryypolic
shocks and focused on the importance of the latter to acdoufiuctuations in the former. In the present paper, we are
not taking up these issues. Instead, we use the VAR respassekey statistic to pin down parameter values of our DSGE
model.
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i.e.,IR¢and/R:
6 = argmin (IR° — IR (0)) W (IR° — IR (9)), (26)

where W represents a diagonal matrix whose entries are the reepwatues of the variance of
the empirical impulse responses. Using this weighting mansures that the theoretical impulse
responses are made to be as close to the empirical ones #sdgdsserms of point-wise standard
deviations. Regarding the length of the impulse responsetifans, we consider 20 quarters starting
from the second quarter as most variables return to theidgtstate within 5 years.

The relationship between structural parameters and thieidhinpulse response functions is non-
linear; we therefore obtain theoretical impulse respongsetions by applying standard numerical
techniques. Note that our procedure only admits solutioichvare saddle-path stable and thus
rules out by construction any parameterization of the medeth would give rise to equilibrium
indeterminacy. Standard errors foare computed using the following expression for the asytigpto
variance of our estimator, taken from Wooldridge (2002):

1

Avar (0) = (Gwe) ™ (GWswWa) (Gwa) 27)

whereG = VI R represents the Jacobian of the impulse response functi@rated from the model
andy denotes the variance matrix of the impulse responses @uot&iom bootstrap sampling.

3.3 Parametric setup

In practice, given the number of the structural parameteis,not possible to identify all of them
simultaneously. We therefore fix those parameters prioheécetstimation which are either given by
first moments of the data or are fairly uncontroversial.

First we setv = 0.98 which implies an import-to-GDP ratio of 2 percent, the ageraalue for the
US vis-a-vis EA in our sample period, see also Chari et alD22@vho target a value of 1.6 percent.
Moreover, we set, as, for instance, in Backus, Kehoe, andafgd(1994)53 = 0.99, v = 2 and

i = 0.34 as well asf = 0.36 andé = 0.025. In addition, we assume that government spending
accounts for 20 percent of GDP, close to the average in ouplegmeriod. Regarding price rigidities
in the intermediate goods sector, we §et= 0.75, which implies an average duration of prices of
four quarters. This value, if somewhat high, is still cotesi$ with evidence reported by micro studies
such as Nakamura and Steinsson (2008). We sath that the markup earned by intermediate goods
firms in steady state is 50 percent, in line with estimatesrogtS and Wouters (20075.

We are thus left with eight parameters for which we seek taiobéstimates by solving (26). We
estimate a value for the trade price elasticityby adjustings according to the relationship (9). In

Bwe sete = 100. ¢ does not affect the dynamics of the model, because the piodifanction of retailers is linear.
Assuming a high value for ensures that the markup in the retail sector is close to zetbat 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

o Trade price elasticity 0.479
(0.035)
X Investment adjustment costs 0.751
(0.388)
b Habits 0.842
(0.056)
O Inflation coefficient in policy rule 1.000
(0.740)
by Output coefficient in policy rule 0.006
(0.242)
p Interest rate smoothing 0.861
(0.068)
n NCES-parameter —12.499
(8.797)
¢R Calvo-parameter (retail firms) 0.457
(0.362)

Notes: Parameter estimates obtained from matching DSGE/ARdmpulse
response functions; standard errors are reported in fhesss.

addition, we pin down values for the parameters measurwegsiment adjustment cosig, habitsb,

as well as values for those parameters which specify theeisiteate feedback rules, ¢, andp. Two
additional parameters, which are of particular importaioc¢he international monetary transmission
mechanism ar@ which is directly related to the degree of strategic pried#hsg complementarities
and&g which governs the extent of price stickiness in the retait@eand thus the pass-through of
exchange rate changes into consumer price inflation.

3.4 Results

Table 1 reports results. We find plausible point estimatdgairly narrow confidence bounds implied
by the standard errors reported in parentheses. The estittatie price elasticity is below the values
often used or found in the literature. Yet several recerttistisuggest that a low trade price elasticity
may help to account for a larger set of macroeconometricrgaens, see Lubik and Schorfheide
(2006), Kollmann (2006) and de Walque, Smets, and Wout®&35 We perform sensitivity analysis
regarding the role of this parameter for the internatioremi$mission mechanism below. Algothe
parameter capturing investment adjustment costs is soatdveltow the value reported in Christiano
et al. (2005). This is likely to be the result of the imperfsabstitutability of domestically produced
and imported goods, see the discussion in Backus et al. Y1994

Regarding monetary policy we find parameter values whichyirapfairly loose monetary stance.
Note, however, that our solution procedure rules out dayitilim indeterminacy. The degree of interest
rate smoothing is in line with previous findings in the litena, see, for instance, Clarida et al. (2000)
for the US. We find a considerable amount of habits in consiompsomewhat above the values
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Figure 2: Demand function for intermediate goods. Notesticad axes: relative demand in percent;
horizontal axes: relative price in percent; solid line: C&Se ) = 0); dashed-dotted line: NCES
case, as implied by estimate.

reported in Smets and Wouters (2005) both for the euro athanJS. Finally, the estimate for the
parameter, provides a measure for the curvature of our demand functi©osestimate is somewhat
higher than the values assumed by Gust et al. (2006) andi&uetral. (2008), but close to the value
assumed by Smets and Wouters (2007) in a closed economytonte

In order to assess the implication of our estimaterfowve display in figure 2 the percentage change
in demand for a generic good (vertical axis) resulting fropeacentage change in its relative price
(horizontal axis). The dashed line shows the implied denfandtion for our estimate of, while

the solid line displays the results fgr = 0 implying a constant elasticity of substitution (CES).
Relative to the CES case, our estimate implies stronglyezidemand functions. As a result, if
the relative price increases, demand falls more than ptiopatly, while, if the relative price falls,
demand increases less than proportionally. This inducategic complementarities in price-setting,
which, ceteris paribus, provides firms with an incentivertotideviations from the domestic currency
price charged by domestic and foreign competitors.

Given the estimated parameter values, we compute the impegponses of the model and compare
them to those obtained from the VAR model. The dashed-dditted in the panels of figure 1
show that the model responses track the empirical respansesclosely. All the responses are
within the confidence bounds of the VAR responses, excephfoimterest rate where the response
of the model exceeds the empirical impulse response for auwof quarters. Also the theoretical
response of investment is somewhat less pronounced thamfigical counterpart. The response of
the consumption differential, as well as those of inflatiowl @et exports are matched particularly
closely. Overall, we conclude that the DSGE model—if eviddat the point estimates—provides
a quantitatively satisfactory account of the monetary dnaission 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 owgstigation: does trade integration play
a quantitatively important role for the transmission of ratamy policy? Given that the estimated
DSGE model provides a structural account of the monetangtnassion mechanism, we address this

question by means of counterfactual experiments.

4.1 Trade integration

While several quantitative studies have demonstrateditti&possible to account for the evidence
on the transmission mechanism while abstracting from §oréiade altogether, we have shown that
our two-country model is able to match the impulse respooltsned from a VAR model estimated
on data for the US relative to the EA. For this purpose we hagermed that imports account for 2
percent of GDP only, corresponding to the average share ahg®rts from the EA in US GDP.
Clearly, the US is more open to trade and, importantly, theorhshare is likely to increase further.
Yet long time series for all trading partners of the US areawailable and/or subject to structural
breaks. In order to explore the role of trade openness fomtbeetary transmission mechanism
we therefore rely on model simulations. Specifically, we pane impulse responses to a monetary
policy shock obtained for the estimated model (baselineae) 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 monetdicy ghock, i.e. an exogenous increase
in the nominal interest rate by 100 basis points. We focushernrésponse of the variables in the
home country, rather than on relative variables as in figureHbrizonal axes measure quarters,
while vertical axes measure responses in percentage idevfedm steady state, percent (inflation
and interest rate) or percent of output (net exports). Thparses are computed using the estimated
DSGE model where all parameters, exceptddwhich is adjusted to target a particular steady-state
import share), are held fixed at the values of the baselingeste The solid lines show responses for
the baseline scenario, where imports account for 2 perdgbD® on average, while the dashed and
dashed-dotted lines show results for an average imporesiid5 and 30 percent, respectively.

The response of consumption, displayed in the upper-leiipahows a hump-shaped decline reflect-
ing habit formation. For more open economies we find the nesg®much more muted. In order to
understand this result, note that a contractionary mopetaicy shock raises long-term real interest
rates in the domestic economy and appreciates the exchategand the terms of trade (not shown).
In fact, the terms of trade provide a measure for the longrteral interest rate in the home country
relative to its foreign counterpatt.Under complete financial markets, the terms of trade, in, @m

19This follows from solving an approximation of the uncovelieterest rate parity condition forward, see Gali and
Monacelli (2005) for details.
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Figure 3: Effects of a monetary policy shock. Notes: the khe@an exogenous increase in domestic
nominal interest rate by 100 basis points; lines show respah domestic variables. Vertical axes:
percentage deviation from trend (consumption and investinquarterly percentage points (inflation
and interest rate) and percent of output (net exports).zdotal axes: quarters. Solid line: responses
for 2 percent import share (baseline); dashed line: 15 peiogport share; dashed-dotted line: 30
percent; for all parameters except fowe assume the values of the (estimated) baseline scenario.
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tightly linked to (relative) consumption via the risk-shmay condition. Specifically, as emphasized by
Erceg et al. (2010), domestic consumption (relative toifgreonsumption) is less sensitive to the
terms of trade, the more open an economy. In response to aigizeease in relative long-term real
interest rates consumption thus declines less in more opEoeies’

Similarly, investment decisions are linked to the termsratl¢, as they alter the marginal return
on domestic capital, see Corsetti and Mduller (2006). Iively, an appreciation of the terms of
trade raises, all else equal, the value of domesticallyywed goods in terms of final goods. For a
given appreciation of the terms of trade, this effect isrgjer, the more open an economy, because
imported goods, whose relative value depreciates, makengolarger fraction of capital goods. As
the monetary policy shock appreciates the terms of tradeherefore observe, in the second panel
of figure 3, a muted response of investment in more open eci@soithe responses are hump-shaped
because of investment adjustment costs.

Turning to the response of domestic inflation, displayedaupper right panel, we find that it re-
sponds more strongly to monetary policy shocks in more openanmies. In fact, domestic inflation
falls by about 48 basis points under a scenario where impadeunt for 30 percent, rather than by
about 33 basis points under a scenario where imports actmubpercent only. The strength of the
response thus increases by some 45 percent. That openoesssies the effect of monetary policy
shocks ordomestic inflation, i.e. inflation of domestically produced goodslagely due to the new
dimension of the exchange rate channel emerging undeegitatomplementarities in price setting,
which according to our estimate fgrare quite sizeable. Intuitively, as discussed in sectiBraBove,

to the extent that monetary policy appreciates the exchaatggthe price of imported goods falls and
induces domestic intermediate good firms to lower theirgwrias well. This effect is stronger, the
larger the average weight of foreign goods in the produatiomholesale goods.

The first panel in the second row of figure 3 shows the respdnS@binflation. Under the baseline
scenario the dynamics of CPI inflation mimic those of doneestilation—in line with the VAR
evidence. While monetary policy appreciates the exchaatgaand thus reduces the price of imported
goods, the effect on the overall price for final goods is yasrnall, because imported goods account
for a very small fraction of overall inputs in wholesale puation. Conversely, CPI inflation responds
much more sharply in more open economies. This reflects ddsmble amount of exchange rate
pass-through into consumer prices. Yet pass-through oleshte price changes and hence exchange-
rate changes into consumer prices remains limited. In fiaist,zero on impact, as retail prices are
predetermined by assumption and remains further limite@t@dlers adjust prices infrequently. Our
estimates suggest that retail prices are adjusted on avepmgyoximately every second quarter.

Dyntuitively, the smaller the degree of home bias (i.e. theerapen the economy), the less will domestic consumption
drop in response to an appreciation of the terms of trade(rise in the relative long-term real interest rate) as alte$
full risk-sharing under complete financial markets.
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Interest rates respond endogenously to stabilize CPlimiflafThe stronger fall in CPI inflation in
more open economies also provides a rationale for why poétys decline more quickly in this
case (shown in the middle panel of the second row of figure B [dwer right panel displays the
response of net exports (relative to GDP). While for the li@secenario the response is muted, the
value net exports relative to GDP rises by almost one peitenports (and exports) account for 30
percent. The response reflects a value and a substitutiect &ffjgered by the appreciated exchange
rate: wholesale producers substitute towards foreign gj@od net exports in real terms decline; at
the same time, the value of exports increases relative tedhe of imports. Overall, we find that
net exports increase relative to GDP, as the second effenindtes due to a low estimate of the
trade-price elasticity.

4.2 Output and inflation dynamics

We now turn to results from additional experiments meantiddight on the transmission mech-
anism implied by our estimated DSGE model. Specifically, wghlight the role of the trade price
elasticity and strategic complementarities in price sgttiTo simplify the discussion, we focus on
domestic absorption (the sum of consumption and investrasrgovernment spending is constant),
(domestic) inflation, output and CPI inflation for which tlesponses are displayed in figure 4. Here
we consider again the responses of domestic variables toteactionary monetary policy shock by
100 basis points. Results displayed in the left column ateioéd for the baseline parameterization
and three openness scenarios (with an import share of 2, d3@percent as above). Domestic
absorption (top panel) declines less in more open econgmiéige with our earlier discussion. The
responses of inflation have been discussed above and aceluepd here to allow for a comparison
with the results obtained under alternative assumptions.

The third panel shows the response of output which is somemibeae pronounced in more open
economies. As analyzed in Erceg et al. (2010), the intexgssitivity of output increases in open-
ness if the trade price elasticity is high relative to theitemporal elasticity of substitutich. Our
estimates imply a relatively low value for the trade pricaséicity. Nevertheless, the value for the
effective intertemporal elasticity of substitution is eMewer, because habits and investment adjust-
ment costs attenuate the initial response of domestic ptisoito changes in interest rates. Openness
thus raises the interest rate sensitivity of output, asetaive importance of the interest-sensitivity
of real net exports increases.

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

215pecifically, they show that a weighted average of the iateporal elasticity of substitution and the trade-pricstita
ity determines the interest-sensitivity of output. It i@ases in openness if the trade price elasticity exceedstéreemporal
elasticity of substitution and vice versa.
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Figure 4. Effects of a monetary policy shock. Notes: see éd@yrleft column shows results for es-
timated model (solid lines) and two alternative opennessiatdos (15 and 30 percent import share
displayed by dashed and dashed-dotted lines, respegtiveigidle column shows results for higher
trade price elasticity; right column shows results for CBSecwhile assuming an unchanged coeffi-
cient on marginal costs in the Phillips curve relative toésémated model.
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price elasticity’> We setoc = 1.5, as, for instance, in Backus et al. (1994). Results are sliowre
middle column of figure 4. In this case, the role of opennesghi® output response is considerably
magnified. Output declines strongly, because net expartse@l terms) fall strongly. Note that
assuming a higher value for the trade price elasticity altemnges how openness alters the response
of domestic inflation. In fact, as discussed in section 2@vabthe larger the trade price elasticity,
the more strongly will changes in the price of imported goodpact on the pricing decisions of
domestic producers. As the monetary policy shock loweis,avi exchange rate appreciation, the
price of imported goods, its deflationary effect, is moresgly felt if the trade-price elasticity is
high.

In the right column of figure 4 we show impulse responses whiehcomputed while assuming
that there are no strategic complementarities in pricéngety = 0). All other parameter values are
unchanged relative to the baseline scenario with the exuepts; which governs the degree of price
stickiness in the intermediate goods sector and hencedbe sf the new Keynesian Phillips curve.
We adjust it so as to keep the latter unchanged relative testimated versio®® Absent strategic
complementarities we find the responses of domestic infilstioa monetary policy shock hardly
altered by opennegé. While openness still magnifies the response of CPI inflatioa tthe direct
effect of lower import prices on the price of final goods, theirect effect through a stronger response
of domestic inflation is reduced. Hence, strategic comptearéies 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 fommgeiate goods such that exchange rate
pass-through at the border is complete. As intermediate §jons set prices in their own currency
(producer currency pricing, or PCP, for short) and adjustrthinfrequently, exchange rate changes
alter the price paid by wholesale firms. Consequently, tieo®nsiderable amount of expenditure
switching in response to exchange rate changes. We nowzenlabw our results on openness dif-
fer under the alternative assumption of local-currencgipg (LCP, for short). Here producers are

2ps discussed above, our estimate for the trade price dtgstimforms well with results of recent macroeconometric
studies, butis lower than the values suggested by estiratie basis of disaggregated data. Imbs and Mejean (200199 ar
that macroeconometric estimates can be biased as a resoltgiflerable cross-sectoral heterogeneity which clexiaet
disaggregated data.

BAs equation (24) illustrates, the parameipenot only determines how strongly the domestic currencyepoicforeign
competitors matters for domestic inflation, but also howrsgty changes in marginal costs are passed-through intesten
inflation. Assuming that strategic complementarities daseat—both with respect to domestic and foreign compstivdr
intermediate goods producers—thus raises, all else etipgas|ope of the new Keynesian Phillips curve. Intuitivéhgse
firms which are able to adjust prices will do so by larger anteun this case. In order to isolate the role of strategic
complementarities for the exchange rate channel of mopetaicy transmission, we increase the valuepfso that the
coefficient on marginal costs is unchanged relative to thimated model whenever we sgt= 0.

2%0Openness still induces some change in the response of doriméisttion, because output and, hence, marginal costs
fall more strongly in more open economies in response to theetiary policy contraction.
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assumed to be able to discriminate and set different pricezsa markets. As prices are sticky in
both currencies, exchange rate changes are not immediaftdgted in buyers’ prices, but partially
absorbed by time-varying markups.

We modify our model assuming that intermediate good firmshviengage in LCP set two distinct
prices for the domestic and for the foreign market whenelvey thave the opportunity to adjust
prices?® Specifically, we consider two alternatives relative to tt@PPscenario. First, we assume
that all intermediate firms engage in LCP. Second, we consiidepossibility that while domestic
firms engage in PCP, foreign firms engage in LCP. As the hometgois meant to represent the US
economy, these assumptions capture in a stylized manneb#eevation that international prices are
largely set in US dollaré’

Results are shown in figure 5: the left column reproducedteefar the baseline scenario (PCP) to
facilitate comparison with results for full LCP (middle cohn) and for LCP in the foreign country
(right column). As usual, we distinguish three degrees @nmess for each case. Regarding LCP,
Obstfeld and Rogoff (2000) have stressed that the termadé tand the real exchange rate co-move
negatively under this assumption. Consumption and investrdecisions are thus not tied to the
terms of trade in the same way as under PCP. We find accordingiyopenness hardly alters the
response of absorption to the monetary policy shock.

While a monetary policy contraction appreciates the reeharge rate, it weakens the terms of trade.
As a result, output falls less in more open economies refig@n increase in net exports (in real
terms). Regarding the responses of inflation, we obsentaltmestic inflation falls slightly less in
more open economies under LCP. This reflects the smalleinéenlmarginal costs, in line with the
muted output response. Similarly, the response of CPI iofias virtually unaffected by openness:
as there is no exchange rate pass-through at the borderlu@Bethe effect of exchange rate changes
is not felt at the level of final good prices either.

Results displayed in the third column show that differersuasptions on the price setting behavior
of domestic (PCP) and foreign (LCP) intermediate good firoeschot fundamentally alter the trans-
mission of a monetary policy shock originating in the homartoy relative to the baseline (PCP)
scenario. While the openness effect is somewhat reducedkethresults are basically unchanged:
domestic absorption falls less in more open economiestiorilalls more strongly, as do CPI infla-

e treat trade openness and exchange pass-through astiwotdispects of the international transmission mechanism
They may be interrelated, however. Dornbusch (1987), ftaimce, argues that the extent of exchange rate pass-thaodg
goods market integration are jointly determined. Gust.€28l06) also link trade integration and exchange rate trassigh
in a framework with strategic complementarities. Howetkeey abstract from nominal rigidities.

265ee Bergin (2006) for a similar formulation, Betts and Deuar(1996, 2000) for early contributions and Obstfeld and
Rogoff (2000) for a critical discussion. In the appendix wevide a formal outline of the model modifications.

2TAccording to evidence surveyed by Obstfeld and Rogoff (2006 US, where 92% of exports and 80% of imports are
invoiced in dollars, differ considerably from other coueswhere imports are not denominated in the destinationtcgs
currency to such a large extent.
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Figure 5: Effects of a monetary policy shock. Notes: see &ddir LCP: all intermediate goods
producers engage in local currency pricing; PCP/LCP: oalgifin intermediate goods producers

engage in local currency pricing.
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Table 2: Monetary policy trade-offs and openness

Baseline ¢ =15 LCP PCP/LCP n=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 shateeragntries: cumula-
tive reduction in output relative to CPI inflation for the fiyear 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 monetay pahsmission. In order to fully ex-
plore the implications for monetary policy one would need¢count for business cycle fluctuations
and the shocks which initiate them, because they determmé&rade-offs which systematic policy
making has to confront. Yet, while our analysis does not jgi®a full-fledged account of business
cycle fluctuations, we may nevertheless make a first passwropenness alters the trade-offs faced
by monetary policy. Specifically, we ask by how much outpus trebe reduced in order to engineer
a certain reduction in CPI inflatiof¥.

The entries in columns 2 to 5 of table 2 report the cumulativipat response relative to the cumula-
tive response of CPI inflation for the first four quarters iaftee monetary policy shock for different
scenarios. The first row displays results obtained undea#isemption that imports account for 2
percent of GDP, the second and third row refer to a scenar@evimports account for 15 and 30 per-
cent of GDP, respectively. The first column shows resultsHerbaseline scenario. Here parameter
values are set according to the estimates reported in tadldevie and prices are assumed to be set in
producer currency (PCP). As discussed above, both CPliorflahd output respond more strongly
to a monetary policy shock in this case. It turns out, howetbet the relative reduction of output
is much smaller in more open economies, i.e., the outputwdssh is necessary to bring about a
reduction in inflation is smaller. We thus find monetary pgsacontrol over inflation increased in
more open economies.

Strategic complementarities in price setting play somefal this result—as the right column of table
2 illustrates. Here we repeat the previous experiment vasgaiming; = 0 (and adjusting; so as to
keep the slope of the Phillips curve unchanged) and find tagwe output loss somewhat less reduced
in openness. As discussed above, strategic compleméggnibvide monetary policy with direct

280ur measure is thus related to the sacrifice ratio, exceptthao not consider a permanent reduction in inflation.
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leverage on domestic inflation, which operates on top of ffexts of a contraction in demand and
more strongly so, the more open an economy. Yet while changismestic inflation are eventually
passed-through into CPI inflation, openness exerts a langegict on CPI inflation via the direct
effect of exchange rate changes. This traditional charimesgnonetary policy a better leverage over
CPI inflation in more open economies even in the absence atiegic complementarities in price
setting?®

The middle columns of table 2 show results for the altereagissumptions considered above. As-
suming a higher trade price elasticity & 1.5) induces a stronger output response in more open
economies, because real net exports fall more stronglysiporgse to a monetary contraction. As a
consequence, increasing openness does not reduce thé loggpwhich is necessary to bring about
a reduction in CPI inflation. Assuming local currency prgiim both countries, in turn, implies a
smaller relative reduction of output in more open econonbasthe openness effect is smaller than
in the PCP case. The openness effect under LCP is due to tHeismaput decline in more open
economies, because inflation is hardly effected by operingbs case® Finally, assuming PCP in
the home country and LCP in the foreign country gives rise tatlaer strong openness effect. This
is in line with the results displayed in figure 5 which show aaker output response, but a stronger
inflation response in more open economies relative to thelipasscenario.

5 Conclusion

In this paper we explore the role of trade integration for stary policy transmission. First, we
develop a two-country DSGE model featuring several fritdiovhich recent business cycle research
has found to be important in accounting for several macnoecwtric observations. In addition,
following Gust et al. (2006), Sbordone (2007) and Guergesl. (2008), we assume a fairly general
aggregation technology which allows to combine domesdyigatoduced and imported goods. It
induces strategic complementarities in price-setting waspect to domestic and foreign competitors
such that domestic firms will find it optimal to adjust theiigass in response to exchange rate changes
which alter the domestic currency price of imports—a newatision of the exchange rate channel
by which monetary policy gains direct leverage over donaesflation.

In order to quantify the effects of openness on monetarsirassion, we estimate, in a first step, a
VAR on time series for the US relative to the EA. We identifymetary policy shocks by imposing
an identification scheme which is consistent with our theécaemodel and trace out the transmission
mechanism through impulse response functions. In a sedepdwe find parameter values of the

2The output loss necessary to bring about a reductiaioinestic inflation, instead, depends critically on the extent of
strategic complementarities.

300ur results are in line with findings reported by Erceg et2010). On the basis of the SIGMA model of the FED they
compute sacrifice ratios for different degrees of openneddiad no important role for the latter while assuming LCP.
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DSGE model by matching its impulse responses to those @utdiom the VAR. We find that the
estimated model is generally able to mimic the empiricgboese functions quite closely. We also
find evidence for strategic complementarities in priceisgtt

In a third step, we compare the effects of a monetary poli@ckhn the baseline scenario (with
an import-to-GDP ratio of 2 percent) with alternative sa@smassuming a higher degree of open-
ness. We find that a contractionary monetary policy shockstrasger output effects in more open
economies, as real net exports decline more strongly. Asdmee time CPI inflation and domestic
inflation also decline more strongly in more open economigsgh, in the latter case, is the result of
complementarities in price setting.

We also perform a sensitivity analysis. First, considedrggher than estimated value for the trade
price elasticity, we find that the effects of a monetary poibock on output and domestic inflation
increase in openness. Second, assuming that exchangasatéhpough at the border is limited be-
cause of LCP, we find the role of openness in monetary polexystission more limited. Third,
assuming asymmetric price setting behavior where domistis set export prices in their own cur-
rency, but foreign exporters in the currency of the destmatountry, we find the effects of domestic
monetary policy shocks comparable to those obtained uhddrdseline scenario.

Finally, turning to the implications for monetary policyeveompute the output loss which is neces-
sary to bring about a temporary reduction in inflation. Fear llaseline scenario it turns out that the
reduction in output relative to inflation is smaller in mongem economies. In this sense monetary
policy’s control over domestic and CPI inflation tends tor@ase in more open economies.
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A The model with LCP-firms

In the following we outline the changes to the model thatiwlfrom allowing for the possibility that
a fraction of intermediate good firm&) engages in LCP.

First, in specifying price indices for domestically proédcintermediate and imported goods (i.e.
the equivalent to equation (12)), we distinguish betweéreprset by LCP-firmsp,*““"(j), and
PCP-firms P 7CF (5):

pA = (/0 pALCP 1dj—|—/1 APOP ()5 1dj>v, (28)
()

P,
«
1

PtB:</PBLCP 1dj—|—/P
0 a

PP ﬁdj) . (29)
In the general case, the price index for the wholesale gogitén by

1 n Y ALCP, o . L APCP, .
PV = r P P
0 o ¢+ e </0 t (])d]‘ir/a t (j)dj (30)

(1 - w) </Oa PP (j)dj + /al PtB’PCP(j)dj> .

1417

(7~
()"

Note that in this case the law of one price holds for PCP-firmig.o
PB PCP( = 5, PB PCP*(j); PA PCP( = 5, PA PCP*(].)‘ (31)

Second, we have to distinguish the pricing problems of PQCig-le2CP-firms. The problem of a

) . (32)

A generic LCP-firm sets two distinct prices for the domestid foreign market. The domestic price
PP () is set to solve

generic PCP-firm is given by

(oo}
max Z &V E 1

k=0

(Qt,tJrkYtJrk(

k
PAFOP( H (1 _Me
i4s-1) t+k
Py S

k
ALCP
H fe1) = MCiyy

Qtt+kAr+k(4)
Py

o0
max Z fjfEt_l

(33)

A,LCPx/ .
(4)

Instead, the price charged on the foreign market is setgoreurrencyP; ™ in order to solve

Qui+kA7 1, (J)

34
Prox (34)

o0
max E 370
k=0

k
A LCP*
Stk H Ht—l—s 1 — MCiyg
s=1
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B The New Keynesian Phillips curve

We derive the New Keynesian Phillips curve for the generaéaahere we parameterize the fraction
of LCP firms ). Fora = 0 the New Keynesian Phillips curve simplifies to equation (@Agre we
abstract from indexation. We proceed in three steps. Fstolve the pricing problem of a generic
intermediate good LCP-firm in the domestic market (eq. 33xtNwe solve the pricing problem of
a generic intermediate good PCP-firm in the domestic madeet 82). Finally, we combine results
using a first order approximation to the definition of the proer price index.

B.1 Pricing problem of a LCP-firm

Defining ;1 = H (H{}H 1) and maximizing equation (33) subject to the demand fundtio,
we derive the following first order condition

> B MC ,
E, Zglth,tJrk (Prre) ™" Ly [1 - (1 - %) €tk (7)
k=0

Apn(j) =0, (35
It+k,PtA’LCP ]) t+k’(]) ( )

where the elasticity of demand for gogdh the domestic market is

—o —1
A,LCP . A s(v—1)—v
, 1 P ) i Py
ek (f) = L+n| =t : (36)
1—v { ( PA, Cipk
Rewriting equation (35) using the definition of real marg@st M CF = ”fﬁ‘ , defining the contract

A,LCP
price asp;" @ " (j) = PT()

o0
B [PtAQLCP } Z BNk B, 1[Hﬁs Hﬁs,l}
k=1

+ (1= B¢1) Z BeNF By [MCt+k
k=0

and linearizing gives

! 1 6t+k:(.7):| :

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

the elasticity of demand for gogidequation (36), WltrFQ PA , we get
€ () = —ne (ﬁtAQ’LCP(j) - Z (ﬁf-l-s (T 1)) + 775?2%- (37)
k=1

Substituting this expression for the demand elasticithafirst order condition, we have

0
Et—l [PAQ LCP } = Z /851 Et 1 [H?Jrs Hﬁksfl}
k=1

() Sowrna [t 212

k=0
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Using the definition of the steady state markup= 5 and the definition oft = , this
expression after quasi-differencing can be written as

By [B/YTG) = e PN G)| = Ber B (T4 - 107
+(1 - B€) i [(1 —W)MC, + wgf?} .

The log-linearized version of the competitive price indexiation (13) in the domestic country im-
plies that
Y = (1 - w)a, (38)

whereq; = Ilj—tj is the relative import price in domestic currency. Usingttd substitute for the
relative competitive price index above we get

Ei— [PtAQ R OE 5511353_612 LCP(])] = B&1E— (ﬁﬁl - ﬁf)
+(1 = B&1) B [(1 — ‘I’)mt + \11%(1 _ w)@] .

B.2 Pricing problem of a PCP-firm

We can derive a similar expression for the PCP-firms. Maximizquation (32) subject to the
demand function (16), we derive the following first order diion:

o
B Z & Quirk (Povk) ™ Lo

MCyy . . N
Yirr — <1 - %) (e k(N Ak () + efps (DAL () | =0,
Iy Py (J)

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

—o —1
A,PC . T(v—1)—v
e (j):L 141 M P{ik o (39)
t+k 1—v PA, Cii ’
and the elasticity of demand for gogdn the foreign market is given by
-1
1 PA,PCP( )I PA* _1)_
F . t t+k T i+k
¢or(j)=—|14+n| ——FF— * . (40)
k) 1-w ( Siu P, ik
Linearizing the first order condition of the firms problemngsPAQ PCP(]) % gives
[e.e]
Ei 4 [PAQ PCP ] Z ﬁgf Et 1 [Héks Hérs 1]
=1
= 1 1
(- e S (B Eos [MOM ) — (- )]
k=0
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Linearizing both demand elasticities definiﬁﬁ* = of-one-price gap g8* =

St

gives

o
H /. pAQPCP SA 0 fA -5
€ () = —ne ( @ Z <Ht+s - Ht+sl>> + Wffik,
k=1

Mg

) pA PCP
ﬁﬁk(]) 776< @

Substituting the demand elasticities into the first orderdition and simplifying yields

SA DA A
<Ht+s - Ht+571> - qt+k> + UUPtJrk;
k=1

By [P0 ()] -3 (860" By I, -0, |
k=1

+ (1= B¢ Y (5€D" Era [(1 - )Mct+k + Yw— F et P —w)— Fg:k + V(1 - )Z]}Tk} :
k=0

After quasi-differencing, the expression can be rewridien
Ei {PtAQ PEP(5) - e Ptjj-cl2 PCP(j )] BErE: 1 (Ht+1 HA)
— R O~ " A
+(1 = BE1) B [(1 —U)MC, + \ngr? + (- w) rQ F (1 —w)g? } .

One can linearize the competitive price index in the foreignntry analogously to the one in the
PA*

t

home country defining the relative export price in foreigmrency as;?* = et

9 = —wgl (41)

Using this expression and equation (38) to substitute ferdtative competitive price indices above
we get

By [BA9POP ) - e PAY TN (5)] = BerBia (T, - Tif)

+(1— B¢ Ers [(1 —WMC, (- w)w%atB — o1 - w)w%qt + (1 - )AA*} .

B.3 New Keynesian Phillips Curve

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

QBT + (1= )PP () = L (T - T, (42)

Using the final equations in the two subsections above totisutesfor the contract prices of LCP-
and PCP-firms one finally obtains a general formulation ferrtew Keynesian Phillips curve:

Etfl <ﬁ24 - ﬁf_l) = 5Et71 (ﬁﬁi—l - ﬁf)
+AE,_4 [(1 — @)MZ‘? + W <(1 —w)(a+(1— a)w)%thB —(1—ww(l— a)%thB* +(1—w)(1 - a)thA*ﬂ
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with A = (1 - B&r) (1 — ener .

The special case (baseline) for PGP £ 0) is discussed in section 2.8. In ca8e< a < 1,
two terms (in addition tg;? and marginal costs) enter the Philips curgg* andg*. Intuitively,
a contractionary monetary policy shock which appreciabesexchange rate reduces the relative
price of imports and induces domestic firms (LCP and PCP fitmsgduce their prices (because
of strategic complementarities). As PCP-firms set only omneep(in domestic currency) for both
markets, price changes in foreign markets also enter tloengrdecision and eventually matter for

domestic inflation.

C Data

Our data are obtained from the OECD Economic Outlook daiglsee OECD (2007). We use data
for private consumption (volume), private fixed investm@cl. stockbuilding, nominal), and the

deflator for private consumption and the deflator for GDP. d@&gator for private consumption is

used to construct the CPI-inflation series and to deflate mainmvestment in a manner consistent
with the definition of real investment in the model. The GDMater is used to compute domestic
inflation. Measures for the US short term interest rates lateabtained from the Economic Outlook

database (interest rate, short-term). For the euro areaave @h data from the Area-Wide Model

database of the ECB, see Fagan, Henry, and Mestre (2001)s8&@$. Time series for net exports
of the U.S. vis-a-vis the euro area are obtained from the INMeddon of Trade database for the

period from 1980 onwards. We approximate earlier data drgwn the observations reported by
BEA for the period 1970-1979 for US versus Europe (US Intigwnal Transactions Accounts Data).

We backtrack our original series on the basis of growth rates exports are scaled by nominal GDP
obtained from the OECD Economic Outlook database.
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