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EXCHANGE RATE PASS-THROUGH INTO EURO AREA INFLATION.
AN ESTIMATED STRUCTURAL MODEL

by Lorenzo Burlon, Alessandro Notarpietro and Massimiliano Pisani*

Abstract

We evaluate the exchange rate pass-through (ERPT) into euro area (EA) inflation by
estimating an open economy New Keynesian model using Bayesian methods. In the model,
the ERPT is incomplete because of local currency pricing and distribution services, with the
latter allowing us to distinguish between ERPT at the border and ERPT at the consumer level.
Our main results are: first, the ERPT into EA prices is, in general, high; second, it is
particularly high at times of exchange rate and monetary policy shocks; and third, the EA
monetary stance is relevant for ERPT, which is higher if the stance is accommodative when
there are expansionary demand shocks.

JEL Classification: C11, E40, E47, E52, F41.
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1 Introduction[]

The exchange rate pass-through (ERPT) is commonly defined as the degree to which the changes
in the exchange rate are transmitted to import prices and to final consumer prices. If ERPT at

a given horizon is complete, than its value is equal to 1 (i.e., 100%).

Evaluating ERPT is essential for monitoring inflation and, thus, for calibrating the monetary
policy stance. To the extent that ERPT into import prices is high, currency fluctuations will be
accompanied by significant changes in import prices with a potentially large impact on consumer
price inflation. Thus, ERPT is particularly relevant for monetary policymakers interested in

preserving price stability.

This paper evaluates ERPT into euro area (EA) inflation by estimating with Bayesian meth-
ods a New Keynesian open economy model of the EA and the world economy. The EA is modeled
as a whole (and not as a monetary union). There are two other regions outside the EA| i.e., the
U.S.A. (US) and a residual region labelled ‘rest of the world” (RW).

As the model is structural and estimated we can provide estimates of ERPT according to

two widely used approaches in the literature.

One approach to measuring ERPT focuses on the coefficient that multiplies the exchange
rate in the import pricing equation. It is the percentage change in import prices denominated in
local currency resulting from a 1% change in the bilateral exchange rate between the exporting
and the importing country, other things equal (including current values of other variables and
expected values of all Variables)ﬂ Within this approach, the shocks affecting the economy do
not matter for the ERPT.

The other approach to measuring ERPT considers the ratio of the impulse response of import
prices (or other relevant price index) to the response of the exchange rate, conditional on a given
shock. Tt considers the response of prices to the (endogenous) changes in marginal costs and
in current and expected values of all relevant variablesﬂ Thus, the approach does not isolate
the contribution of the exchange rate to changes in import prices, and builds on the general

equilibrium properties of the model.

Starting with the first (shock-invariant) measure, in the model ERPT is incomplete because
of two structural features. First, it is assumed that international markets are exogenously seg-
mented and that the nominal prices of exported goods are invoiced and sticky in the currency of
the destination markets (local currency pricing assumption, LCP). Second, the model features a
distribution sector intensive in local non-tradables, which introduces a wedge between prices of

imports at the border (wholesale) and consumer (retail) levelﬁ Exporting firms, when setting

IWe thank Anna Bartocci, Fabio Busetti, and Stefano Neri for useful comments. All errors are ours. The
views expressed in this paper are those of the authors alone and should not be attributed to the Bank of Italy or
the Eurosystem.

2See Corsetti et al. (2008).

3See Forbes et al. (2018).

4See Corsetti et al. (2008).



the price of their good, take into account the presence of the distribution sector in the importing
country. Distribution services induce differences in demand elasticity across countries. As a re-
sult of these two assumptions, monopolistically competitive producers charge different wholesale
prices in the domestic and foreign markets, and do not move prices one-to-one with exchange

rate movements (even when prices are fully flexible).

Concerning the second (shock-dependent) approach, we incorporate and estimate multiple
structural shocks and assess the responses, determined by the general equilibrium solution of
the model, of prices and exchange rate to a given shock (in particular, shocks to the uncovered

interest parity condition, to monetary policy, and to aggregate demand).

Finally, the model incorporates, consistent with the New Keynesian literature, a number
of nominal and real frictions such as sticky prices, sticky wages, investment adjustment costs,
and habit persistence. The model also features an international market for crude oil, which is
produced in the RW. The oil price is invoiced in US dollars and is fully flexible. Fluctuations in
the euro vis-a-vis the US dollar induce changes in the price of oil imports and, thus, in consumer
prices. In line with the empirical evidence, it is assumed that the international law of one price
holds for oil (the international price of oil is the same everywhere when evaluated in the same

currency; thus, ERPT into the euro-denominated price of oil is complete).

The model is estimated using EA quarterly data from 1999:1 to 2017:2. In particular, among
the observables, we use data on the euro nominal effective exchange rate, the bilateral exchange
rate of the euro vis-a-vis the US dollar, the import price deflator, the oil price (in US dollar),
the consumer price deflator, its energy and non-energy components, the services deflator. These
data allow us to accurately pin down the estimates of parameters regulating nominal rigidities
of imported goods and, thus, the degree of ERPT.

Our main results are the following. First, EA ERPT is, in general, high. Second, it is par-
ticularly high in correspondence of exchange rate and monetary policy shocks. Third, the EA
monetary stance is relevant for ERPT. In particular, ERPT is higher if the stance is accom-

modative in correspondence of expansionary demand shocks.

We contribute to the literature on ERPT in the EA. The novelty of our contribution is
that it is based on estimating a large-scale DSGE model of the EA and the world economy,
featuring multiple sources of incomplete ERPT into import prices. Our DSGE model of the EA
is open-economy, as in Adolfson et al. (2007) and Warne et al. (2008). Different from them,
our model includes distribution services as a source of price discrimination other than LCP, an
endogenous oil market, fully endogenous US and RW blocs. As in Forni et al. (2015), we model
EA imports of oil to control for the role of oil price in the EA economy and price dynamics.
Different from that contribution, we also include distribution services and fully endogenous US
and RW blocs. We build on Corsetti et al. (2008), that evaluate ERPT using a DSGE model
with LCP and distribution services calibrated to the US economyﬂ Bouakez and Rebei (2008)

5See also Corsetti and Dedola (2005).



evaluate Canadian ERPT by estimating a DSGE model featuring LCP. Different from those
contributions, we estimate the model with Bayesian methods, using EA data. De Walque et al.
(2017) estimate a DSGE model of the EA featuring imperfect ERPT. Different from them, we
estimate the model using data on both the euro effective nominal exchange rate and on the euro
bilateral exchange rate vis-a-vis the US dollar (they use only the latter). Moreover, our model
includes intermediate nontradables (their model includes only intermediate tradable goods) and
both the US and the RW (they include only the US economy). Smets and Wouters (2002) find
that the estimated ERPT depends to a considerable extent on the type of shock driving the
economy. Different from them, we emphasize the relevance of both shock-invariant and shock-

dependent approaches to ERPT and we estimate a larger model with Bayesian methods.

A more recent contribution on estimating EA ERPT is the one by Comunale and Kunovac
(2017). They build on Forbes et al. (2018) and estimate the ERPT into EA prices within
a structural VAR. Different from them, we estimate a DSGE model, combining data with a
theoretical model. As in their case, we do find that ERPT is high when driven by monetary
policy shocks.

The paper is organized as follows. Section [2| describes the model and report the ERPT
definitions. Section [3] and [4] report the data and calibration of the model, respectively. Section
[ shows the ERPT results. Finally, Section [f] concludes.

2 The model

We first report an overview of the model. Subsequently, we describe the sources of ERPT

incompleteness.

2.1 Overview

The model is New Keynesian and represents a world economy composed of three regions, i.e.,
EA, US, and RWE| The size of the world economy is normalized to 1. EA, US, and RW have sizes
equal to n, n*, and (1 —n —n*), with n > 0, n* > 0, and n +n* < 1[| The RW is the main EA
trade partner. It allows us to assess the pass-through of nominal effective exchange rate. The
US allows us to assess the role of the US dollar (the key currency in the international financial
markets) and, in particular, its effects on EA import and consumer prices through crude oil

prices, because oil is internationally traded and its international price is invoiced in US dollars.

The crucial feature of the model is that ERPT is incomplete, i.e., there is international price
discrimination. It is assumed that the markets for tradable goods are (exogenously) segmented,
so that firms can set a different price for each destination market (i.e., there are deviations from

the law of one price). As in Corsetti et al. (2008), we make two key assumptions. First, the LCP

6In the Appendix we report the problems solved by firms and households and the main equations of the model.
"For each region, size refers to the overall population and to the number of firms operating in each sector.



assumption holds, i.e, nominal import prices are set and sticky in the currency of the destination
market. Second, international price discrimination is (also) due to a country-specific distribution
sector intensive in local non-tradables. Firms, when setting the prices of their tradable good,
take into account the local distribution services. The latter are not only a source of international
price discrimination, but also introduce the distinction between the wholesale (dock) and the

retail (consumer) prices.

Households maximize an intertemporal utility function separable in consumption and laborﬁ
They consume a final good, which is a composite of intermediate non-tradable and tradable
goods, for consumption and investment (in physical capital) purposes. Intermediate tradables
are domestically produced or imported. All households supply differentiated labor services to
domestic firms and act as wage setters in monopolistically competitive labor markets by charging

a mark-up over their marginal rate of substitution between consumption and leisure.

On the production side, there are perfectly competitive firms that produce two final goods
(consumption and investment goods) and monopolistic firms that produce intermediate goods.
The two final goods are sold only domestically, and are produced combining all available inter-
mediate (tradable and non-tradable) manufacturing (non-oil) goods using a constant-elasticity-
of-substitution (CES) production function. In the case of consumption, the resulting basket is

combined with the energy good (composed by oil) according to another CES function.

Intermediate tradable and non-tradable non-oil goods are produced combining capital, labor,
and oil. Specifically, capital and labor, supplied by domestic households, are combined according
to a CES function. The resulting output, i.e., the value added, is combined with oil (again, using

a CES function). The factors are assumed to be mobile across sectors.

Oil is a fixed endowment owned by the RW. Thus, the EA is an oil importer. The international
price of oil is invoiced in US dollars. Moreover, we assume that the international law of one price
holds for oil. Thus, exchange rate fluctuations of the US dollar are immediately and fully passed-

through in the oil price when the latter is denominated in euro terms.

Intermediate tradable goods can be sold domestically and abroad. Since intermediate goods

are differentiated, firms have market power and restrict output to create excess profits.

In each region the monetary policy rate is determined by the central bank according to a
Taylor rule that reacts to consumer price inflation and output growth. The lagged value of the
policy rate is also included among the variables that the central bank responds to, to take into

account of the (possible) inertial conduct of monetary policy.

In each country households trade a riskless bond denominated in domestic currency, which
is in zero net supply within the country. Households in the three regions trade a US dollar-
denominated riskless bond. Thus, international financial markets are incomplete and an uncov-
ered interest parity (UIP) condition holds in both EA and RW, linking the differential between

the domestic and US monetary policy rates to the expected depreciation of the corresponding

8Following the literature, we assume a cashless economy.



domestic currency vis-a-vis the US dollar. Thus, exchange rates are determined by both the UIP
conditions and the net foreign asset positions. Equivalently, exchange rates fluctuations allow

for the clearing of international goods and financial markets.

Specifically, the UIP condition that holds for the EA households, obtained by log-linearizing

the model around the deterministic steady-state, is

ipAt+ 2DOMRPE — (%US,t + Zusrpt — ¢b X 5t> =EAS 1 (1)

where 1 ra: and Zpomrp,: are the (log-linearized) EA monetary policy rate and risk premium
shock on EA bonds, %US,t and Zysrp,: are the US monetary policy rate and risk premium shock on
US dollar-denominated bonds held by the EA households, and the term EtEtH is the expected
depreciation of the euro vis-a-vis the US dollar (E; is the expectation operator in period ¢). The
parameter ¢, > 0 multiplies the EA net foreign asset position (NFA) by. This adjustment cost
implies that the NFA is not a unit root and thus that the model is stable. A similar condition
holds in the RW, where we assume a risk premium shock on US-dollar denominated bonds held
by the RW households.

Finally, adjustment costs ensure that the main variables react smoothly to a shock. Specif-
ically, on the real side, habits and quadratic costs prolong the adjustment of consumption and

investment, respectively. On the nominal side, quadratic costs make wages and prices stickyﬂ

2.2 Sources of ERPT incompleteness

There are two sources of ERPT incompleteness (i.e., ERPT lower than 1). First, nominal prices
of tradable (non-oil) goods are set and sticky in the currency of the destination market, i.e., LCP
holds. Second, in each region there is a distribution sector, intensive in local non-tradables, that

introduces a wedge between the wholesale and the retail prices of the tradable goods.

2.2.1 LCP

We assume that markets are segmented and each firm sets one price for each destination market.

Following Dedola and Leduc (2001), prices of tradable goods are sticky in the currency of the
destination markets, because the (generic) exporter has to pay a quadratic cost, proportional to
the basket Qp, of all exported goods, to adjust in each (generic) period ¢ the nominal wholesale
price p; (f) of its (exported) manufactured good f invoiced in the currency of the destination

market. In the case of a generic RW firm f exporting to the EA,

Ak, () = *F <p<f>/p<f>

2
5 o 1) PriQpy, (2)

_ar
7TF,t71 ﬂ—target

9See Rotemberg (1982).



where k%, > 0 is a parameter measuring the degree of nominal price stickiness, 0 < ap <
1 measures indexation of current-period prices to previous-period sector-specific inflation rate
TFt—1, Ttarget 1S the long-run (steady-state) inflation rate, and PRt is the aggregate wholesale
price of the exported basket[/]

2.2.2 Distribution sector

The second source of incomplete ERPT is the distribution sector. We follow Burstein et al.
(2003) and assume that bringing one unit of the traded good to the consumer requires 1 units
of the non-traded good. Consequently, the retail price of the tradable good, p; (f), reflects not
only its price at the border, but also a non-traded component, since

pe (f) =Dt (f) +nPns, (4)

where 77 > 0 is the bundle of non-tradables used to distribute the tradable goods to the households
and Py the corresponding price. Thus, distribution costs introduce a wedge between border
and consumer prices. ERPT of retail prices of traded goods will be lower than for wholesale

prices, because distribution services are an important component of the retail price.

The variable p; (f) is the consumer price of the tradable good, which enters the demand of
households,

oi(n = (%) e, (5)

where 0 is the elasticity of substitution among brands f.

2.3 Equilibrium

In each country the initial asset positions, preferences, technologies, and budget constraints are
the same for households and firms belonging to the same sector. Profits from ownership of
domestic monopolistically competitive firms are equally shared among households. Thus, we
consider the representative household for each region. Moreover, we consider the representative
firm for each sector (final non-tradable, intermediate tradable, and intermediate non-tradable).
The implied symmetric equilibrium is a sequence of allocations and prices such that, given initial
conditions and considered shocks, in each country the representative household and representative

firms satisfy their corresponding first order conditions, the monetary policy rule holds, and all

10Similar adjustment costs are paid by the firm f to adjust the corresponding price at home and in US. US
and EA firms producing intermediate tradable goods also pay the corresponding adjustment costs. Moreover, in
each country a similar adjustment cost holds for the generic firm n producing the intermediate non-traded good,

ACn.q (n) = " (w _ 1)2 PriQns. 3)

2 ﬂ-N’t_laNﬂ-lfaN

10



markets clear.

2.4 ERPT

In what follows we report two approaches to measuring ERPT widely used in the literature. The
first is a shock-invariant approach that is based on estimating the coefficient of the exchange rate
in the pricing equation of the imported good and that does not depend on the shocks perturbing
the economy. The second is a shock-dependent approach, in which ERPT depends not only upon
all the equations of the model and in particular the pricing equations, but also upon the type of

shock perturbing the economy and its general equilibrium effects.

2.4.1 ERPT in the shock-invariant approach

A large empirical literature is based on the estimation of a (single) pricing equation of imported
goods and measures ERPT as the percentage change in import prices denominated in local
currency resulting from a 1% change in the bilateral exchange rate between the exporting and
the importing country, other things equalE

In our framework, ERPT corresponds to the coefficient that multiplies the exchange rate in
the log-linearized pricing equation of imported goods. The equation corresponds to the first-order
condition of the export price-setting problem solved by each country’s representative producer
of the tradable good.

There is one export pricing equation for each destination market because of the assumption
of international goods market segmentation. For the RW good exported to the EA, the pricing

equation that determines its border (dock) price, invoiced in euro, is
pre=0p (pry — TMCE, X rery) + Apy, (6)

where Ap; is defined as

TRt TRt

_ p ; ! _

ARt = PRRE —mdr e \ Simde —i—imdr 1
’/TF,t—lTrtarget F,t—lﬂ—target

* —2 _
B pp B 1 1 t+1 TEi41 TFt+1 1 QFt+1 )
T RPNVRPE L % _indp _l—indp \ —indp_l—indp )
Tt+1 ASt—H )\t 7TF,t ﬂ-target Ft 7Ttarget QF’t

where pr and pr are the relative prices (in EA consumption unit) of the RW good at the border
and consumer levels, respectively, rmc}y the marginal cost of production of the imported good
expressed in RW consumption units, rer the real exchange rate of the euro vis-a-vis the RW
currency, AS; 1 = Sg—tl is the depreciation of the euro vis-a-vis the US dollar and Qp is the
basket of exported goods. The parameter 0 < 8 < 1 is the discount factor of the RW household

11See Corsetti et al. (2008).

11



(the owner of the firm exporting to the EA), E; is the expectation operator, A* is the RW

household’s marginal utility of consumption.

The log-linear approximation (around the steady state equilibrium) of the above pricing

equation is

PFtPrt = OFPFDFt
—Oprmcirer(Fmcy, + rery)
+RFPFTFTF,t

—BrpprTr BT p i (8)

where variables with “hat” are % deviations from steady-state and variables without time index
are evaluated at steady state.

Exploiting (i) the definition of quarterly inflation rate (%F’t = ]%Fﬂg—,/lgp’t,l), (ii) the definition
of real exchange rate (rer; = S+ 13t* - ﬁt), (iii) the definition of relative price (]%Ft = I%F,t - }A)t)
and the relation between import prices at the border and at consumer levels, in the previous
equation ERPT can be defined by

O X rer X rmcp g
pF(GF—l)—i-(pF—f—?’]PN)(l—‘rﬁ)Ii%ﬂ' ¢

Pry = 9)
where S, is the period-t exchange rate. The coefficient that multiplies the exchange rate, i.e.,
the ERPT, is a convolution of structural parameters and steady-state values of some variables.
Crucially, two parameters determine the size of the ERPT in each country, i.e., the parameter
measuring the import price stickiness, k7., and the parameter 7 measuring the role of the distri-
bution servicesg The higher the parameters . and 7, the lower the coefficient that multiplies
the exchange rate and, thus, the lower the ERPT.

This concept of ERPT isolates the contribution of the nominal exchange rate to import prices
in the considered period taking as given the current and expected values of all other variables,
including the expected future values of the exchange rate and the shocks. The ERPT is invariant
to the shock moving the exchange rate, as it corresponds to a coefficient that is a convolution of

the structural parameters of the modelH

12The latter enters the steady-state distribution margin in EA, u, defined as

Pn
p=ngp (10)
which measures the weight of distribution in the consumer price of imported goods (Py and Pg are evaluated in
steady state).
13The shock-invariant ERPT does not measure the effect on current-period prices of the overall, current and
expected future, exchange rate change. This effect is obtained by iterating forward the pricing equation through
iterative substitutions of expected inflation term, and is measured by the coefficient multiplying the current and
expected exchange rate change.
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2.4.2 ERPT in the shock-dependent approach

Another definition of ERPT, used in many empirical analyses, is the response of import prices
(or other relevant price index) to the exchange rate conditional on a given shock. The response
of prices is due not only to changes in exchange rate but also to the (endogenous) changes in
marginal costs and in current and expected values of all relevant variables. Thus, it does not
isolate the contribution of the exchange rate to changes in import prices. According to this
definition, ERPT does not correspond to the coefficient that multiplies the exchange rate in
the pricing equation because, different from the shock-invariant approach, the other things equal
assumption does not hold. Specifically, all variables in the pricing equation are allowed to change
according to the shock perturbing the economy, and the dynamics of import prices and exchange
rate (and, thus, the ERPT) would be determined in general equilibriumE

We stress that the shock-dependent ERPT builds upon the shock-invariant approach in struc-
tural models like ours. The effects of shocks on exchange rate and prices are determined by the
general equilibrium solution of the model, but crucially depend upon the specification of the
pricing equations and the values of their calibrated or estimated parameters, in particular the
coefficient that multiplies the exchange rate. The size of ERPT associated with a shock perturb-
ing the economy is higher if that coefficient is large. This happens if the structural sources of
ERPT incompleteness in the pricing equations are not relevant, i.e., if the parameters measuring
nominal price rigidities of imports (kp in the pricing equation of EA imports from the RW,
and the corresponding parameter for all other import pricing equations) and the weight of local

nontradable distribution services in the consumer prices (parameter 1) are small.

3 Data

To estimate the model, we use quarterly data for the period 1999:1-2017:2 and match the following
EA variables: GDP, consumption, investment, exports, imports, hours worked, consumption
deflator, services deflator, non-energy and energy consumption deflators, export deflator, import
deflator, nominal wage, three-month interest rate, long-term interest rate, nominal effective
exchange rate, bilateral exchange rate vis-a-vis the US dollar, oil price (in US dollars), foreign
aggregate demandE

The use of a relatively large number of observables allows us to improve the identification of
the estimated parameters.

We assume a worldwide non-stationary labor-augmenting technology that induces a common

trend in the real variables of the model. We make them stationary by using first differences.

Interest rates, exchange rates, and hours worked are demeaned. Similarly, we take first differences

14 As emphasized by Corsetti and Dedola (2005) and more recently by Forbes et al. (2018), according to this
approach, what ultimately matters for ERPT is the type of shock that is hitting the economy.

15GDP and its components and foreign aggregate demand are in real terms. In the model, they are evaluated
at steady-state (constant) prices.
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of deflators.

We estimate AR(1) processes for a large set of EA-based shocks: consumption preference,
investment-specific, unit-root technology, total factor productivity, risk premium on euro-denominated
bonds (which are held only the the EA households), risk premium on US dollar-denominated
bonds held by the EA households, domestic tradables cost-push, import from RW cost-push, ex-
port to RW cost-push, nontradable cost-push, labor cost-push. The EA monetary policy shock
follows an i.i.d processm We also estimate AR(1) processes for shocks to RW consumption
preference, RW crude oil supply, risk premium on US dollar-denominated bonds held by the RW
households.

In the model, the EA long-term is equal to the short-term (risk-free) EA interest rate and
the shock to the risk premium on EA bonds via expectations hypothesis[”"] Including the EA
long-term interest rate among the observables should provide information about the effects on

exchange rate and prices of non-standard monetary policy measures implemented by the ECB.

We also add measurement errors into the measurement equations of all observables but those
of interest rates and exchange rates. The standard deviations of the measurement errors are

calibrated to relatively small values.

The model’s parameters that are not calibrated are estimated with Bayesian methods. Bayesian
inference updates the prior distribution to the posterior distribution of the model’s parameters
using the observed data. Specifically, and following common practice in the literature, the joint
posterior distribution of all estimated parameters is based on the log-linear state-space represen-
tation of the model. It is obtained as followsE First, the posterior mode and an approximate
covariance matrix, based on the inverse Hessian matrix evaluated at the mode, is obtained by
numerical optimization on the log posterior density (the optimization is based on the Kalman
filter). Second, the posterior distribution is explored by generating draws using the Metropolis-
Hastings algorithm. The proposal distribution is taken to be the multivariate normal density
centered at the previous draw with a covariance matrix proportional to the inverse Hessian at

the posterior mode.

4 Calibration

We calibrate parameters affecting the (deterministic) steady-state equilibrium of the model.
Specifically, parameters are set in line with the existing literature and to match (empirical) great

ratios over the sample periodE

The matched great ratios are reported in Table|[l] They are private consumption, government

16The persistence is provided by the coefficient of the lagged value of the policy rate in the Taylor rule.

1Tterating forward the Euler equation on the domestic bond and taking into account the domestic risk premium
shock provides the definition of the long-term interest rate.

18See Schorfheide (2000) and An and Schorfheide (2007).

19See Warne et al. (2008) and Burlon et al. (2017).
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consumption, total investment, and imports (all are ratios to GDP). The export-to-GDP ratio
is set to the same value as import-to-GDP ratio, because we assume that the trade balance is

equal to zero in steady state.
The implied parameter values are reported in Table

All real variables are assumed to evolve along a balanced-growth path with a trend growth
rate of 1.4% per annum, which roughly matches average real GDP growth in our estimation
sample. Given the steady-state growth rate, the discount factor § is set consistently with an
annualized nominal interest rate of 3.5%. The intertemporal elasticity of consumption is set to
1 (log utility of consumption).

The parameter 7 is equal to 1.2, so that the distribution margin is equal to 0.5 (i.e., 50% of
the consumer price of imports). This value is in line with Corsetti et al. (2008) and de Walque
et al. (2017). The latter contribution sets the share of the distribution sector required to make

imported goods available for final demand purposes in the EA to 40%.

Nominal (wage and price) rigidities in the US and RW are determined according to calibrated
Rotemberg parameters. US export prices are assumed to adjust once every quarter on average
when converted in Calvo (1983) terms. US import prices are assumed to be relatively sticky and
to adjust once every one-two quarters, while US and RW domestic prices of their domestically
produced tradable good adjust once every year. For prices of non-tradables and wages, they
adjust once every 4 years and every 2 years, respectively. The chosen calibration is in line with
the literature, that sets or estimates nominal rigidities for non-tradable and domestically sold
tradable goods larger than for exported and imported goods, and sets or estimates nominal wage
rigidities to be relatively large (see Adolfson et al. 2007, Forni et al. 2015, Gomes et al. 2012,
and Warne et al. 2008).

The low degree of nominal rigidities in the case of US exports is consistent with the evidence
that ERPT is high for US tradables and that the latter are mainly invoiced in US dollars (see
Gopinath 2016).

The elasticity of substitution between domestic and imported tradable goods is set to 1.5,
between tradable and non-tradable goods to 0.8, between energy and non-energy component in
the consumption bundle to 0.4@

Finally, we calibrate some parameters that are difficult to identify. In line the literature (e.g.,
Adolfson et al. 2007 and Warne et al. 2008), the inverse of the Frish labor supply elasticity is
set to 1.5. The parameter measuring the sensitivity of the external intermediation premium to
net foreign asset position (¢ in equation , is set to 0.01. This value does not greatly affect the
trade balance dynamics and, at the same time, guarantees that the net foreign asset position is

stable (i.e., it does not display a unit root)@

20The weights of the goods in the consumption and investment bundles are set to match the import content
of consumption and investment spending.

210ther parameters are not reported to save on space. The long-run (net) inflation target of the central bank
is assumed to equal 1.9% at an annualized rate. The depreciation rate 0 < § < 1 in the capital accumulation
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5 Results

Table |3| reports the estimation results. It shows the posterior mode of all the parameters along
with the approximate posterior standard deviation obtained from the inverse Hessian at the
posterior mode, the posterior mean along with the 5th and 95th percentiles of the marginal
posterior distribution distributions. The latter are computed using the Metropolis-Hastings
algorithm based on three Markov chains with 1,000,000 draws each@

The chosen prior means for the EA nominal wage and price stickiness is in line with the lit-
erature, that sets or estimates nominal rigidities for non-tradable and domestically sold tradable
goods larger than for exported and imported goods, and sets or estimates nominal wage rigidities
to be relatively large (see Adolfson et al. 2007, Forni et al. 2015, Gomes et al. 2012, and Warne
et al. 2008).

The estimated sticky price parameter for the EA imports from the RW, which is relevant
for ERPT into the EA prices, is low. The posterior mean suggests two-quarter stickiness (the
posterior mode suggests a similar value). The stickiness of EA export prices is estimated to be
low (the posterior mean is lower than the prior). To the opposite, non-tradable price stickiness
and nominal wage stickiness have a large posterior mean. Estimated indexation parameters are

not very large, implying a moderate degree of inertia in inflation.

Parameters of the Taylor rule are estimated to be in line with the existing literature. The
weight on inflation is estimated to be relatively large. Moreover, there is some smoothing in

setting the policy rate, as suggested by the estimate of the related parameter.

Concerning estimated shocks, they are found to be not extremely autocorrelated. This result
suggests that the model is able to generate an internal propagation mechanism that sufficiently
fits the data.

Overall, estimated EA import price stickiness is low in absolute terms and relative to the
stickiness of EA non-tradables and wages, implicitly suggesting that the ERPT into import

prices can be non-negligible.

5.1 Shock-invariant ERPT

The calibrated distribution margin and non-tradables nominal rigidities joint with the estimated
nominal price rigidity of EA non-oil imports from the RW provide an estimate of the corre-
sponding shock-invariant ERPT coefficient. As said, the latter is a ceteris paribus concept (see
equation E[) When evaluated at the posterior mean, it is estimated to be 0.083 and 0.038 at the
border and at retail level, respectively (for comparison, ERPT into EA prices of US tradables

equation is equal to 0.025. The weights of physical capital in the production functions of the intermediate tradable
and non-tradable goods are set to match the investment-to GDP ratio. Wage, tradable, and non-tradable price
mark-ups are set to 1.30, 1.20, and 1.33, respectively (the corresponding elasticities of substitution among brands
are 4.33, 6.00, 4.00, respectively).

22The resulting acceptance rate is around 21%.
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is calibrated to roughly 0.45 and 0.19 at the border and consumer level, respectively)@ Thus,
in every quarter ¢, ceteris paribus, 8.3% (3.8%) of exchange rate fluctuations are passed-through
into border (retail) prices of EA non-oil imports from the RW. When we evaluate the nominal
price stickiness parameter of non-oil imports from RW at the 5th and 95th percentiles (and thus
set it to 4.685 and 13.654, respectively, see Table , the corresponding range of estimated EA
ERPT is between 0.058 and 0.148. Our estimates for ERPT into EA import prices are lower
than the estimates reported by Ozyurt (2016) using a single-equation approach, whose ERPT
estimate into overall EA import prices in the first quarter is around 0.3. We get an estimate
closer to this value (0.28) if we take into account that the prices of EA imports from the US and
EA imports of oil have a large ERPT (close to 1) on impact, and that each of them has roughly
10% weight in overall EA imports "]

When (counterfactually) setting the parameter of import from RW nominal price rigidity to
zero, the ERPT at the border is equal to 0.76. This suggests a relatively large role of LCP for the
incompleteness of the ERPT. Similarly when setting the parameter 1 to zero (while keeping un-
changed other parameters and steady-state values of the relevant variables), the ERPT increases

to 0.16, suggesting a non-trivial role of the distribution services for the ERPT incompleteness.

ERPT is measured by the coefficient before the exchange rate S, in equation @ It isolates
the contribution of the current change in the exchange rate to import prices, independently of
the shock perturbing the economy (shock-invariant coefficient); thus, the expected values of the
exchange rates and the current and expected values of the other variables and all shocks are taken
as given. At the same time it is also important, according to some more recent contributions, to
assess the ERPT when considering the response of import prices to a specific structural shock@
According to this approach, ERPT depends on the effects of the shocks on current and expected
values of all variables. This assessment builds upon the shock-invariant ERPT, because the
values of the parameters that enter the pricing equations affect the propagation of the shocks,
in particular to prices and exchange rates. We report estimates of the ERPT according to this

approach in the next section.

5.2 Shock-dependent ERPT

Figures show the estimated shock-dependent ERPT into EA prices in correspondence of
alternative EA-specific structural shocks. ERPT is measured by the ratio between the cumulated
changes in price and the cumulated changes in the euro nominal effective exchange rate. The

standard deviations of the shocks are normalized to get a 1% depreciation of the euro nominal

23In the ERPT coefficient, the steady-state variables have the following values: the real exchange rate is 0.89,
the real marginal cost 0.44, the import price at the border 0.625, the import price at the consumer level 1.376,
the price of nontradables 0.625, the consumer price inflation 1.004. The discount factor is calibrated to 0.9996,
and the elasticity of substitution among RW brands to 6.

24 As already noted, the degree of nominal rigidity of the price of EA import from the US is calibrated to a
relatively small value, in line with the empirical evidence. Thus, the corresponding ERPT is relatively high.

25See Forbes et al. (2018) and Comunale and Kunovac (2017), that estimate structural VARs.
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effective exchange rate on impact (first quarter). The value of the persistence of considered
shocks is the estimated posterior mean. Remaining parameters are evaluated at the posterior

mean.

In the case of a shock to the EA risk premium on US dollar-denominated bonds (commonly
labelled in the literature as shock to the UIP condition), import prices at the border increase
following the exchange rate depreciation (see Figure . The short-run increase in prices is not
as large as the depreciation, i.e., prices do not fully and immediately adjust to the change in the
exchange rate. The reason is that firms prefer to change prices in a gradual (sluggish) manner
because of the adjustment costs (see eq. . Thus, firms adjust short-run mark-ups. The latter
also reflect the distribution services, whose prices change because of the general equilibrium
effects of the shock. The distribution sector is also the source of the slower increase of import
prices at consumer (retail) level. It introduces a wedge between the import prices at the border
and consumer level which is based on the prices of non-tradable services (see eq. , and these are
estimated to be relatively sticky. Following the higher import prices, consumer prices increase
as well. Their increase is smaller than that of import prices, because the imported goods are
a relatively small share of the consumption basket and the prices of domestic (tradable and

non-tradable) goods respond to a lower extent to the shock.

Figure 2]reports the corresponding ERPT. In the short run the ERPT of import prices at the
border is incomplete. However, it is high, consistent with the estimated low degree of stickiness
of imported goods. In the initial quarter it is equal to 0.3 and 0.2 for import prices at the border
level and for import prices at the consumer level, respectively. It is equal to 0.1 for consumer
prices. In the fourth quarter, to 0.7, 0.4, and 0.2, respectively. The ERPT is larger in the
medium and long run than in the short run because nominal prices adjust over time and, thus,

they incorporate to a larger extent the changes in the nominal exchange rate.

Our results are of the same order of magnitude and on the upper end of the range of the
results reported in ECB (2016; Table 1, page 16): in correspondence of a 1% nominal effective
appreciation of the euro, the range of the values of ERPT into import prices, obtained from
estimating several multiple-equation macroeconomic models, is between 0.30 and 0.71 after one
year. ECB (2016) also reports ERPT based on a single-equation regression model. Estimates
suggest that for the EA a 1% nominal effective appreciation of the euro has, on average, resulted
in a 0.51% decline in aggregate import prices after four quarters. De Walque et al. (2017)
find that on impact ERPT into import prices is 0.335 at the border in correspondence of a risk

premium shock. We do find a similar value.

The relatively high ERPT already in the short run is due to the degree of import price
stickiness, which in the case of EA imports from the RW is estimated to be relatively low (the
RW is the main EA trade partner; thus, the price of its exports to the EA is the main determinant
of EA ERPT)E Thus, import prices adjust in a relatively quick manner to the increase in the

exchange rate. This is true in particular for the ERPT into import prices at the border, while

26EA imports from the US are a small share of overall EA imports.

18



the corresponding ERPT at the consumer level is lower, because it is affected by the prices of
distribution services, which are relatively sluggish. Similarly, the ERPT into consumer prices is
lower than ERPT into import prices because prices of domestic goods are sticky and adjust in a

gradual way to the shock.

To further clarify what mechanisms determine different ERPT across shocks, we now consider
a 1% depreciation associated with a shock to the EA monetary policy rate in the initial quarter.
Import prices increase for two reasons (see Figure [3). First, the exchange rate depreciates.
Second, the looser monetary policy also increases EA aggregate demand for both domestic and
imported goods. Foreign firms react to the higher EA aggregate demand by (endogenously)

increasing the mark-ups and prices of the goods exported to the EA.

Figure [d]shows the corresponding ERPT. Relative to the case of the risk premium-dependent
ERPT (Figure , the ERPT into import prices at the border is overall higher, reflecting the
additional positive impulse on prices due to the increase in EA aggregate demand. Similarly, the
ERPT into import prices is higher at the consumer level than in the case of the risk premium
shock because firms increase the mark-ups in correspondence of the rise in EA consumption
and investment. Four quarters after the shock the ERPT into import prices at the border and
consumer level is equal to 0.8 and 0.5, respectively. ERPT into overall consumer prices is equal
to 0.3.

ERPT in the case of a recessionary EA aggregate demand shock is obtained through a decrease
in both EA consumption and investment due to a negative preference shock (Figure. The prices
of domestic and imported goods tend to decrease, as firms face a persistent decrease in demand
for their products and, thus, reduce their mark-up. The exchange rate depreciates on impact,
because the EA central bank reduces the policy rate to stabilize the lower EA economic activity
and prices. Thus, import prices, following the depreciation, decrease by less than they would

have done were it not for deteriorating domestic conditions.

The net effect is that the ERPT into import prices at the border and at the retail level
is negative, as prices fall despite the positive impulse from the exchange rate depreciationﬂ

Similarly, ERPT into consumer prices is negative.

Overall, we find that the EA ERPT tends to be high in correspondence of shocks to monetary
policy or to the risk premium (UIP), while it is negative in the case of shocks to domestic

aggregate demand@

5.3 ERPT and monetary policy stance

In the previous section we have measured ERPT in correspondence of different shocks that induce

a depreciation of the euro nominal effective exchange rate. In this section we assess the effects

27To save on space we do not report the corresponding figure.
280ur results are similar to those, based on an estimated structural vector autoregressive model, reported by
Forbes et al. (2018) for the case of UK and Comunale and Kunovac (2017) for the case of the EA.
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of the monetary policy stance on ERPT and, through it, on domestic prices. One challenge that
central banks will face in the near future, in a process of normalization of the policy stance,
is the return to a situation where interest rates and guidance on their future developments
will return to be the primary instrument for adjusting the monetary stance, while ensuring
sufficiently supportive financial conditions@ Hence, we consider different possible decisions

about the monetary policy rate by the central bank in response to a given shock.

We initially simulate a positive (i.e., expansionary) exogenous shock to EA aggregate demand
that induces an appreciation of the nominal exchange rate, because the EA central bank increases
the monetary policy rate to stabilize (consumer price) inflation and economic activity, as dictated
by the Taylor rule. We then newly run the same demand shock under the assumption that the
EA central bank reacts to a lower extent than in the benchmark case to the implied increase in
consumer prices. Moreover, we also consider one type of non-standard monetary policy measure,
the so-called forward guidance (FG). It is defined as a credible announcement by the EA central
bank to keep the policy rate constant at its baseline level during the initial quarters instead of

raising it because of the expansionary effects of the aggregate demand shockm

Figure |§| reports results under a Taylor coefficient calibrated to the posterior mean, 1.7 (see
Table|3)). The exchange rate appreciates on impact, consistent with the larger increase in domestic
interest rates and the EA excess demand of domestic goods. In the subsequent periods, the
exchange rate depreciates, and, thus, returns towards the baseline and crosses it, consistent with

the gradual increase in the EA policy rate.

Figure[7]reports the corresponding ERPT. Its sign is initially negative, because prices increase
and the exchange rate appreciates (an appreciation has a negative sign). Thereafter, it switches
sign in an abrupt way, when the nominal exchange rate crosses its baseline level (thus, its
cumulative deviation becomes zero, causing the asymptotic behavior of the ERPT response) and

starts to depreciate (the sign of the ERPT becomes positive).

These results should be compared to those obtained under a Taylor coefficient calibrated to
1.01@ Figures and@ report the corresponding results. In this case of less aggressive monetary
policy stance, there is a lower increase in the policy rate relative to the foreign (US and RW)
interest rates. The nominal exchange rate depreciates on impact, consistent with the relative
low EA interest rate and the EA excess demand of foreign goods. Thus, import prices increase
to a large extent. Moreover, given that the stance is less aggressive, domestic firms anticipate
a larger improvement in macroeconomic conditions following the demand shock and, thus, raise
prices to a larger extent. As a result, the ERPT into import prices at the border and consumer
level and the ERPT into consumer prices are large already in the short run and increase over

time to a large extent.

298ee ECB (2018).

30In all scenarios, the EA aggregate demand shock is the same, and corresponds to a positive EA consumption
preference shock that induces an initial 1% appreciation of the euro exchange rate under standard monetary
policy.

31This is the lowest admissible value consistent with the equilibrium determinacy.
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Finally, Figures [10] and [L1] show results under the assumption of three-quarter FG. Relative
to the case of standard monetary policy, and in line with the results based on the less aggressive
monetary policy stance, the nominal exchange rate initially depreciates and prices increase to
a larger extent. Thus, ERPT increases. After four quarters the ERPT into consumer prices is

larger than one.

Overall, results suggest that the monetary policy stance and non-standard monetary policy

measures like FG are relevant for the size of ERPT in correspondence of fundamental shocks 7]

5.4 Decomposing EA inflation: the role of ERPT

The estimates reported in the previous sections allow us to measure ERPT and to disentangle the
different sources of its incompleteness, associated with firms’ optimal pricing behavior, affected
by local currency pricing, distribution services, and shocks perturbing the economy. On the basis
of these estimates we now measure the relevance of exchange rate fluctuations for recent price

developments in the EA.

Figure 12, 13, and 14 report the changes in the euro nominal effective exchange rate, import
prices, and consumer prices, respectively. Structural shocks are grouped as follows: demand
includes consumption preference and investment-specific shocks; supply includes unit-root tech-
nology, total factor productivity, domestic tradables cost-push, export to RW cost-push, import
from RW cost-push, nontradable cost-push, and labor cost-push shocks; foreign demand includes
the RW consumption preference shock; oil supply includes the oil supply shock; monetary pol-
icy includes the monetary policy shock; exchange rate includes the risk premium shock on US
dollar-denominated bonds held in EA and the risk premium shock on US dollar-denominated
bonds held in RW; financial includes risk premium on euro-denominated bonds. We include
measurement errors with calibrated variance on GDP, consumption, investment, exports, im-
ports, hours worked, consumption deflator, services deflator, non-energy consumption deflator,
export deflator, import deflator, energy deflator, nominal wage, oil price (in US dollars), foreign
aggregate demand. Finally, in the figures we also include the contribution of the initial state of

the economy, which dies out quite rapidly.

The nominal effective exchange rate (Figure 12) is mainly determined by risk-premium shocks
entering the UIP condition (see equation . Those shocks most likely reflect also the effects of
the non-standard monetary policy measures implemented in the EA since 2015. Consistent with
this interpretation, and the decrease in EA short- and long-term interest rates, the exchange
rate shows a depreciation over the 2015-16 period (the decrease in long-term interest rates, not

reported to save on space, is driven by the contribution of financial shocks). Moreover, the

32In the literature there is a well know FG puzzle, i.e. the very large macroeconomic effects associated with a
long-lasting FG. For this reason, we limit ourselves to the case of three-quarter FG. Carlstrom et al. (2012) show
that a promise by the central bank to peg interest rates below the natural rate of interest for roughly two years
generates explosive dynamics for inflation and output in a workhorse New Keynesian model. See also, on the FG
puzzle, Del Negro et al. (2013) and McKay et al. (2016).
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(standard) ‘monetary policy’ contributions to the exchange rate, due to shocks to the Taylor
rule, are mainly negative. This is consistent with the accommodative monetary policy in the EA

(whose aim was to favor price stability).

Consistent with the relatively high ERPT, shocks to the exchange rate also provided a non-
trivial contribution to import price inflation (Figure 13), joint with shocks to the supply of crude
oil (labelled ‘oil supply’) and to worldwide demand@ In particular, the shocks determining the

exchange rate provide a positive contribution to import prices in the 2015-16 period.

Shocks that determine exchange rate fluctuations have systematically contributed to con-
sumer price inflation dynamics (see Figure 14), even if ERPT is lower at consumer level than
at the border. In particular, the exchange rate depreciation gives a positive contribution from
2014 onward. Recent weak inflation dynamics seems to be associated to EA domestic factors.
In the 2016-17 period the contributions of both EA aggregate demand and supply shocks are
negative, only partially compensated by the positive contribution of the monetary policy, which

has sustained aggregate demand by keeping short- and long-term interest rates at a low level@

Overall, the decomposition, which builds on the estimated ERPT, suggests a non-trivial role

of exchange rate fluctuations for EA inflation dynamics.

6 Conclusions

Evaluating the size of the ERPT into prices is crucial for conducting monetary policy. This is
particularly true for the EA, which is a relatively open economy. In this paper we have provided
some evidence for EA ERPT, based on estimating a DSGE model featuring the EA, US, and RW
and, crucially, LCP and distribution services as sources of ERPT incompleteness. Our results
suggest that ERPT is relatively high in the EA. Crucially, we have shown that the monetary
policy stance matters for the size of ERPT.

Structural sources of pass-through incompleteness other than LCP and distribution sector
can be considered. For example, inventory management of imported goods@ Moreover, we have
not (explicitly) assessed the impact on ERPT of the asset purchases programme, a non-standard
monetary policy measure implemented in the EA to favor a sustained adjustment in the path of

inflation towards the objective@ We leave these issues for future research.

33Qil prices are found to be mainly driven by oil supply shocks and, to a lower extent, by shocks to aggregate
world demand.

34Crude oil shocks are also relevant, in particular in 2009 and 2015 they contribute to the fall in inflation. The
oil price determines the development of the energy component of the consumption basket, with the former being
around 10% of the latter.

35See the survey in Burstein and Gopinath (2014).

36For a DSGE-based assessment of the macroeconomic effects of the EA asset purchases programme, see Burlon
et al. (2017) and Cova et al. (2015).
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Table 1: EA great ratios

EA US

Private consumption 60.0 57.2
Public consumption 20.0 20.0
Total investment 20.0 228
Total import 19.6 16.7
Oil import 3.0 31

RW
59.3
20.0
21.7
9.1

56.8

World GDP share 19.9 23.3

ote:

= euro area,

as % of corresponding GDP.

Table 2: Calibrated parameters

Elasticity of intertemporal substitution
Inverse of Frisch elasticity
Elasticity of substitution among non-oil tradables
Elasticity of substitution between non-oil tradables and non-tradables
Elasticity of substitution between oil and non-oil goods
Distribution services
Nominal rigidities (Rotemberg)

Imports from US

Imports from RW

Imports from EA

Domestic tradables

Domestic non-tradables

Net foreign asset position

EA
1.0
1.5
1.5
0.8
0.4
1.2

0.01

UsS
1.0
1.5
1.5
0.8
0.4
1.2

10.0

10.0

60.0
800.0

RwW
1.0
1.5
1.5
0.8
0.4
1.2

1.0

60.0

800.0

0.01

Note: EA = euro area; US = U.S.A.; RW = rest of the world.
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Figure 1: Risk premium shock on US dollar-denominated bonds held by EA households. FEx-
change rate and price responses
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Notes: quarters on the horizontal axis; on the vertical axis, cumulated % deviations from the baseline;
for exchange rate, increase = depreciation.
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Figure 2: Risk premium shock on US dollar-denominated bonds held by EA households. ERPT
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Notes: quarters on the horizontal axis; on the vertical axis, ratio of the considered price level-to-exchange
rate level.
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Figure 3: EA expansionary monetary policy shock. Exchange rate and price responses
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Notes: quarters on the horizontal axis; on the vertical axis, cumulated % deviations from the baseline;
for exchange rate, increase = depreciation.
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Figure 4: EA expansionary monetary policy shock. ERPT
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Notes: quarters on the horizontal axis; on the vertical axis, ratio of the considered price level-to-exchange
rate level.
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Figure 5: EA recessionary preference shock. Exchange rate and price responses
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Notes: quarters on the horizontal axis; on the vertical axis, cumulated % deviations from the baseline;
for exchange rate, increase = depreciation.
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Figure 6: EA expansionary preference shock and standard monetary policy. Exchange rate and
price responses
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Notes: quarters on the horizontal axis; on the vertical axis, cumulated % deviations from the baseline;
for exchange rate, increase = depreciation.
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Figure 7: EA expansionary preference shock and standard monetary policy. ERPT
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Notes: quarters on the horizontal axis; on the vertical axis, ratio of the considered price level-to-exchange
rate level.
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Figure 8: EA expansionary preference shock and less aggressive monetary policy. Exchange rate
and price responses
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Notes: quarters on the horizontal axis; on the vertical axis, cumulated % deviations from the baseline;
for exchange rate, increase = depreciation.

36



Figure 9: EA expansionary preference shock and less aggressive monetary policy. ERPT
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Notes: quarters on the horizontal axis; on the vertical axis, ratio of the considered price level-to-exchange
rate level.
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Figure 10: EA expansionary preference shock and FG. Exchange rate and price responses
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Notes: quarters on the horizontal axis; on the vertical axis, cumulated % deviations from the baseline;
for exchange rate, increase = depreciation.
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Figure 11: EA expansionary preference shock and FG. ERPT
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Notes: quarters on the horizontal axis; on the vertical axis, ratio of the considered price level-to-exchange
rate level.
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A Appendix: The model

The model is an open economy, New Keynesian framework. It represents the world economy,
composed of three regions: EA, US, and RW. The size of the world economy is normalized to
1. EA, US, and RW have sizes equal to n, n*, and (1 —n — n*), respectively, with n,n* > 0,
and n + n* < 1. For each region, the size refers to the overall households’ population and to
the number of firms operating in each sector (intermediate tradable, intermediate nontradable,
final nontradable consumption, final nontradable investment). Each region has a central bank,
that sets the nominal interest rate according to a standard Taylor rule, and reacts to domestic

consumer prices and GDP growthm

Households consume a final good, which is a composite of intermediate nontradable goods,
intermediate tradable goods, and energy services. Intermediate tradables are domestically pro-
duced or imported. All households supply differentiated labor services to domestic firms and act
as wage setters in monopolistically competitive labor markets, as they charge a wage mark-up

over their marginal rate of substitution between consumption and leisure.

Households trade two bonds. One is traded domestically, and is denominated in domestic
currency. The other is internationally traded, and is denominated in US dollar. The related first
order conditions imply that an uncovered interest parity condition holds, linking the differential
between domestic and US monetary policy rates to the expected depreciation of the exchange

rate of the domestic currency vis-a-vis the US dollar.

On the production side, there are firms that, under perfect competition, produce two fi-
nal manufacturing goods (consumption and investment goods) and final energy services, and
firms that, under monopolistic competition, produce intermediate (internationally) tradable and

nontradable goods.

The final manufacturing goods are sold domestically and are produced combining all available
intermediate goods using a constant-elasticity-of-substitution (CES) production function. The
two resulting bundles can have different composition. Intermediate tradable and nontradable
goods are produced combining capital and labor, supplied by the domestic households, and oil.

Capital and labor are assumed to be mobile across the two intermediate sectors.

The final energy bundle is produced using crude oil. The latter is produced by the RW
and sold in the international (oil) market. In each region crude oil is transformed into energy
according to a linear production function.

Given the assumption of differentiated intermediate goods, firms have market power, are
price-setter and restrict output to create excess profits. Intermediate tradable goods can be sold
domestically and abroad. It is assumed that markets for tradable goods are segmented, so that

firms can set a different price in each of the three regions.

For crude oil, it is assumed that the international law of one price holds, i.e., the same US

37We make the assumption of cashless economy.
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dollar-invoiced price holds everywhere. The price of the EA energy bundle includes not only the

price of crude oil, but also local taxes and accises, consistent with the empirical evidence.

In line with other dynamic general equilibrium models of the EA (see, among the others,
Christoffel, Coenen, and Warne 2008 and Gomes, Jacquinot, and Pisani 2010), we include ad-
justment costs on real and nominal variables, ensuring that consumption, production, and prices
react in a gradual way to a given shock. On the real side, habits and quadratic costs prolong the
adjustment of consumption and investment, respectively. On the nominal side, quadratic costs

make wages and prices sticky@

In what follows, we report the main new equations for the Home country. Similar equations
hold in the REA and in the RW (if not so, we report the differences).

A.1 Firms

We initially show the final good sectors (private consumption good, investment good, public
consumption good). Thereafter, the intermediate good sectors (intermediate nontradable goods,
and intermediate tradable goods). We report only equations of the EA economy, that we call
Home. Similar equations hold for the RW and US. We explicitly state when this is not the case@

A.1.1 Final private consumption good

There is a continuum of symmetric Home firms producing final nontradable consumption goods
under perfect competition. Each firm producing the consumption good is indexed by x € (0, n],
where the parameter 0 < n < 1 measures the size of Home region. Firms in the US and in the
RW are indexed by z* € (n,n 4+ n*] and ** € (n+ n*, 1], respectively. The CES production

technology used by the generic firm z is

rA Pa—1 ¢£71
L pPa—1 PA—1 o2 A
1 G’I‘ZIA QHAJ (.73) ra
| W &
A @ = (Tmesw)ma | 0 ag' Qaae (@) va
! +(1—-ag —ag)?s Qra, (x) »4

Pa—1

1
+(1—ar)?4 Qnay(z) *4
S o ()T

+aE?VENt (:c)“/’A—l

where Qg a, Qaa, @ra, and Qna are bundles of, respectively, intermediate tradables produced
in Home, US, RW, and intermediate nontradables produced in the Home country, and EN is the
energy good. The parameter p4 > 0 is the elasticity of substitution among tradables, ¢4 > 0 is
the elasticity of substitution between tradable and nontradable goods, ¥4 > 0 is the elasticity

38See Rotemberg (1982).
39For a detailed description ot the main features of the model see also Pesenti (2008), which provides a
description of the GEM (the International Monetary Fund Global Economy Model).
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of substitution between the energy and non-energy goods.

The parameter ay (ag > 0) is the weight of the Home tradable, the parameter ag (ag > 0,
1 —ag —ag < 1) the weight of tradables imported from the REA, and the parameter ar
(0 < ar < 1) the weight of the tradable manufacturing goods, the parameter agy (0 < apy < 1)
the weight of energy.

A.1.2 Final investment good

The production of the investment good is similar to that of the consumption bundle. The
investment bundle does not include energy. There are symmetric Home firms under perfect
competition indexed by y € (0,n]. Firms in the REA and in the RW are indexed by y* €
(n,n 4+ n*] and y** € (n +n*, 1]. Output of the generic Home firm y is

rp_¢p—1 %
vie | VH Que:(y) =2 +vi°Qar.(y) 7E
= T 1 pp—1
Eiy) = + (I —ve —vg)?E Qree (y) & o (A2)

dp—1

+(1- UT)ﬁ QnEey(y) o8

where Qrg, Qar, @rr, and Qng are bundles of intermediate tradables produced in Home,
REA, RW, and intermediate nontradables produced in the Home country, respectively. The
parameter pp > 0 is the elasticity of substitution among tradables, and ¢r > 0 is the elasticity
of substitution between tradable and non-tradable goods. The parameter vy (vy > 0) is the
weight of the Home tradables, the parameter vg (vg > 0, l —vg —vg < 1) the weight of tradables
imported from the REA, and the parameter vy (0 < vp,1 — vy < 1) the weight of the overall
tradable goods.

A.1.3 Final public consumption good

The public consumption good is fully biased towards the intermediate non-tradable good

Qnas(z) = [(i)aN /On Qi (i 2) 5 di] NN (A3)

where 6 > 1 is the elasticity of substitution among brands in the non-tradable sector.

FOCs: demands of inputs Final consumption goods are composed by CES bundles of dif-

ferentiated intermediate goods, each produced by a single firm under conditions of monopolistic
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competition,

Or  n 01 o1

Quasle) = (i) Qi) dh] , (A4)
[ 1 Or  pntn* op—1 9;111

Qacat (z) = <n*) / Qi (g,x) o7 dg‘| , (A.5)
[ 1 or 1 op—1 e

QFA,t (33) = _(lnn*) - Q:+ (f7$) o df] ) (A~6)
i On  pn On—1 %

Quas(r) = (i) / Qi (i, z) di] , (A7)

0

where firms in the Home intermediate tradable and nontradable sectors are respectively indexed
by h € (0,n] and n € (0,n], firms in the US by g € (n,n + n*], and firms in the RW by
f € (n+n* 1]. Parameters 07, Oy > 1 are respectively the elasticity of substitution among
brands in the tradable and nontradable sector. The prices of the intermediate nontradable goods
are denoted p(i). Each firm x producing the final consumption good takes these prices as given

when minimizing production costs. The resulting demand for intermediate nontradable input ¢

@ntin = (3) (2D uai o), (A8)

n

is

where Py ; is the cost-minimizing price of one basket of local nontradable intermediates,

Py = [ /0 ! P, (i) di] e : (A.9)

Firms y producing the final investment goods have similar demand curves. Aggregating over x
and y, it can be shown that total demand for intermediate nontradable good ¢ by firms in the

final consumption and investment sectors is

/ Qa (i,x)dx—i—/ QE (i,y)dy+/ C% .y (i) do =
0 0 0

P, (i)\ ™ ,
< Py > (QNA’t tOnpe+ CNyt) ) (A.10)

where C%; is public sector consumption.

Home demands for (intermediate) domestic and imported tradable goods — Q4 (h, x), Q4 (f, x),
Qa4 (g,x) — and the cost-minimizing prices of the corresponding baskets — Py, Pr, and Pg — can

be derived in a similar way.
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A.1.4 Distribution sector

Following Corsetti and Dedola (2005), we assume that firms producing tradables need distribution
services intensive in local nontradables to deliver their products to final consumers. This implies
that the elasticity of demand for any brand is not necessarily the same across markets and,
as a consequence, it is optimal to price discriminate markets. Firms in the distribution sector
are perfectly competitive. They purchase domestic and foreign tradeable goods and distribute
them in the home country using 7 > 0 units of the constant-elasticity-of-substitution basket n of

nontradable brands n, which in the case of the Home economy is

N
n= V 1 (n) v dn} ooy > 1 (A.11)
0

The parameter 0y measures the elasticity of substitution among the different brands.

The distribution sector introduces a wedge 1 between wholesale and consumer prices. Denot-

ing with p (h) and with p* (h), p** (h) the wholesale prices of the generic home brand respectively

*

in the home and foreign markets and assuming n = n* = n** we get the consumer prices:

pe(h) =pe(h) + 0Py pi(h) =pi(h) +nPry,  pi"(h) = pi™(h) + 0Py, (A.12)

where Py, Py, PY* are the prices of the Home, US, RW composite basket 7, respectively. The

price index Py
1
" 1-0Nn In—t
Py = p(n) dn (A.13)
0

is defined as the minimum expenditure necessary to buy one unit of the basket 1. Prices in the
US and RW are similarly defined.

A.1.5 World oil market and local energy sectors

The RW has an exogenous oil endowment, O*, governed by a stochastic AR(1) process. There
is only one international price of crude oil, P®*, invoiced in US dollars, and determined in the

world oil market.

Thus, the implied crude oil price in Home currency is
PP = S, PP*, (A.14)

where S is the nominal exchange rate of the domestic currency vis-a-vis the US dollar (number

of Home currency units per US dollar).

In each country there is an energy sector that acts under perfect competition. Home firms
import crude oil O; and transform it into energy EN; according to a simple linear technology
(ENy = Oy).
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Energy is made available to domestic households (it enters the consumption basket) and to
domestic firms producing the (nonfuel) intermediate goods@ For Home firms, there is a time-
varying wedge 77" between the border price of crude oil, PC, and the retail price of energy
PEN:

PEN = PO 4 N, (A.15)

The wedge n®" is a proxy that captures the presence of taxes, refinement and distribution

margins in the (retail) price of fuel.

A.2 Intermediate goods

We report the production function and the implied first-order conditions. Finally, we show the
labor bundle.

Production function The supply of each Home intermediate nontradable good ¢ is denoted
by N5 (i):

EN
1

S/ L N vt ENT
NP (i) = Zrecu: | (1 —an)™ VAN, (i) 8 +ayy ENng (i) ¢ , (A.16)

where Zrgcm,: is the technology shock, which is assumed to be common to both intermediate
tradable and nontradable sectors. The variable V A; is the value added produced by the sector,

which corresponds to

SvAay

1 fvay—! £ 1 Evay 1\ svay—1
VA (i) = | (1 —aky) VA ZpLng (i) VA +a Y Ky (i) 4N . (A7)

The term Zj, + represents a unit-root labor-augmenting technology shock, common to all sectors
producing intermediate goods and to all countries. The growth rate of the labor-augmenting
technology shock, gry = Zy,+/Z1, +—1 follows an AR(1) process. Because of this shock, the model
has a steady-state balanced-growth path, and all real variables have to be divided by the shock
to be stationary. In the following we describe the model equations by assuming that all real

variables are made stationary after dividing them by the productivity level.

Firm ¢ uses labor Ly ¢ (i) and capital Ky (i) supplied by domestic households, and energy
ENy . (i) supplied by firms in the domestic energy sector. The parameter {n > 0 Eya, > 0
measure the corresponding elasticities of substitution. The parameter 0 < ag,, < 1is the weight
of capital in the value added, the parameter 0 < ay < 1 the weight of energy. Firms producing
intermediate goods take the prices of labor, capital, and energy inputs as given when minimizing

their costs.

4030 firms sell fuel only domestically.
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FOCs: demand of inputs Denoting W; the nominal wage index and R the nominal rental

price of capital, cost minimization implies that

—&n
Le i) = (1= o) (Gr—gg) VA, (A.18)
and i e
Ky (i) = axy (J\M) VA (i), (A.19)

where MCy 4, 1 (n) is the nominal marginal cost of the value added:

1

. _ 1— T

MCyay (i) = ((1 —agey) Wi T +aky, (RE) SN) ey (A.20)
The demands of value added and energy inputs are respectively equal to
. MCyayu () ™ s .

VA =(1- x N, Z A.21
v = (=) (gramadet ) NS ) zrpone, ()
ENNJg (Z) =y < P,EN7t )_gN Nts (Z) /ZTECH t (A22)

MCn . (i) /ZrECH, ’

where M Cy (n) is the nominal marginal cost of producing the intermediate non-tradable good:

MCy, (i) = (1= an) MCyaya (i)'~ +an Ppaty ) . (A.23)

The production of each Home tradable good, T (h), is similarly characterized.

FOCs: supply of intermediate tradables Firms operating in the Home intermediate trad-
able sector solve a similar problem. We assume that there is market segmentation because
nominal prices are invoiced and sticky in the currency of the destination market (local cur-
rency pricing) and because of local distribution services intensive in non-tradable goods of the

destination markets.

The (generic) Home firm producing the brand h chooses the optimal (wholesale) prices P; (h)
in the Home market, the price Py (h) in the US, and the price P;* (h) in the RW to maximize

the expected flow of profits (in terms of domestic consumption units),

o Pe(h) () () 4 SEPE0) (g () 4 SEPE0) s
EtZBT)\t,-r P, ( ) P, 7—( ) Sx* Py T ( ) , (A.24)
T=t

MCu,,(F * o
— MO Q. (h) + Q3 () + Q1 ()
where the term FE; denotes the expectation operator conditional on the information set at time

t, \i,r is the appropriate discount rate, and MCr, (h) is the nominal marginal cost, S* and S**

are the nominal exchange rates of the Home currency vis-a-vis the US dollar and of the RW
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currency vis-a-vis the US dollar, respectively.

The maximization is subject to the demand of the destination market and (destination-

specific) quadratic price adjustment costs.

The demand curves for the generic Home intermediate good h depend on local demand for all
Home goods and on relative prices. The latter are the relative prices at consumer level (not at
the border/wholesale level) and are affected by the local distribution services. Thus, the demand

curves in Home country, US, and RW are

_ —0n
Py ~(h) +nPx
Q- () = (DI ) gy (4.2
H,7
By (h)+nP5 \ "
Q; <h>=< . N’T) e (A.26)
H,7
p** (h)+ P* —0n
o <h>=< e N”) i (a21)
H,t

respectively.

The country-specific adjustment costs paid by the generic firm h are

_ _ 2 _
~ _ K% [ Py (h)/Pur-1(h Py,
ACZ,T (i) = TH ( ”Edh),/ 1—de( ) -1 ?TQH,T, (A.28)

TrH,‘rfl/]Ttarget

2
wh | Phig (h) /Pi i (h) S; Py
ACY (h) =& T -1 =20; A2
CH,T( ) 9 . ”Ld*H 17'Lnd*H P: QH,T7 ( 9)
(TrH;r—l) 7Tta7'get*
2
bt | Py (h) [Py (h) Sy Py
ACYT (i)=& — 1| =—==Q3 A.30
H,t (Z) 2 . de 1_1,"(1;; S:*P:* H,m» ( )
(ﬂ-H,Tfl) ﬂ-target**

in the domestic, US, and RW markets, respectively. The parameters H%,H%*,H%** > 0 measure

the degree of nominal rigidity in the Home country, in the US, and in the RW, respectively,
whereas indg, indy; and indj; are the corresponding indexation parameters. Moreover, Tiqrget,
Tiarget* and Tigrget=+ denote the long-run (consumer-price) inflation targets set by the central
bank in EA, US and RW, respectively.

First order condition with respect to the domestic wholesale price of the Home

tradable good. The first order condition with respect to the Home (wholesale) price set in
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the domestic market, P, (h), is:

—0y
At [ Pyi(h P,
0= M ( Ht( )+ N,t> Qi

P, Py
A Py +(h) +nP, Ou—1  _

749}[( Pr.o(h) 7791“) (Pri(h) — MChy (h) Que
Py PH,tH

Qm,

zndH 1—indy indy _1—indy
Ht 17Tta7"get H,t—lﬂ-target

G 1/Py -1 (h) (PHi(h)/PH’t_l (h)1> Pr,
tRpr

Bt By | gy Dttt () /Pave () (PH,tH (h) /Prs (k) _1> Pir i1

indH lfindH indH 17indH
H,t Trtarget H,t 7T-target PtJrl

QH,t+1] , (A.31)

where 0 > 1 is the elasticity of substitution among intermediate tradable brands, is a cost-push
shock, common to all Home firms, that affect their supply in the Home country, while the terms

multiplied by %, are related to the presence of price adjustment costs.

In symmetric equilibrium (i.e.,PHﬁt (h) = PH¢ for every h) and dividing all terms by \Qm ¢,
the FOC becomes

0— i <PH,t+77PN,t>_9H

P, Py
1 (pH,t + 7]PN7t)_9H_1 _
_EHH PI;:?H (PHﬂg(h) — MC’H,t)

indyg 1—indyg
7THt 17Tta'rget

o Y Puia Prt/Pr -1 | Pae
Ku indg _1—indg P,
7THt 17Ttarget t

+ﬁ:‘€1[){Et

(A.32)

A1 Prii1/Phy ( Pryi1/Puy B 1) P i1 QH,tﬂ] .

MldH 1—indy indg __1—indg
A Ht Trtarget Ht Trtarget Pt+1 QHvt

using the relation Py = PH,t +nPp+, the definition 7y, = PH,t/PH,tq and rearranging terms
we get

+PH,t » TH,t TH,t 1
P Kp —zndH 1—indy —indy _l1—indy
t Ht 17Tta7get 7TH,t—17Tta7'get

» Pri M1 Thig TH, 11 QH.t+1
—BKE By : 1 . (A.33)
P, by —indyg _l—indg —indy _1—indgy QH
t+1 t 7TH t Trtarqet H,t Trtarget it
The equation, in real terms (i.e., in units of domestic consumption) becomes
¢ =08 (Pt —ment) + Ant + cpm i, (A.34)
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where pp ¢ = P/ P; (similar expressions hold for other relative prices), Ap, is defined as

A, = WP THt TH, 1
Hit =PHIRH —5ay —1—indy | —indg _1—indg
7-‘—H,tfl/]rtarget 7TH,tflﬂ—target

) _
» 1 Ay 1 THt+1 TH t+1 QH t+1
—priBry By N, AS, . mwmdn Tindy \ mindn Ty L 0 : (A.35)
t+1 t t+1 //TH,t Trtarget H,t 7Ttarget Hit

and cpp: is an AR(1) cost-push shock that we add to the pricing equation when we take the
model to the data.

First order condition with respect to the wholesale price of the Home tradable good
in the US market. The FOC with respect to (wholesale) price of the Home good in the US
Py (h) is

_ —0*
N [ P (h) +nPi "
0_t< H,t( ) +n N,t) Q}i“St*

- *
Py PH,t
% * —0%,—1
A ge Firet) £ 0P )T s e ) 0% S0
5B YH 9~ ( H,t( )_ H,t( )) QH,t t
Pt Pr H
H,t
D% D* D% D%
A Hp * 1/PH,t—l (h’) PH,t (h) /P Hit—1 (h) 1 PH7t Q* S*
TANVH ind, 1—ind: * ind, _« 1—ind%, H,t*t
71—H,tfl Hﬂ—target " 7TH,iffl Hﬂ—target H Pt
D% D% 2 D% D% D%
g, Iy Pt 0P Py 00 /Py )\ P,
K Bt |\ M ae o d—indy, \ —x indm_x  1—indy P H, 419141
Tt Tiarget 7TH,t target t+1
(A.36)
In symmetric equilibrium, the previous equation becomes
* * —x% * * *
Pt =0n (pH7t - mcHyt) + Af e + Py (A.37)
* e
where AH’t is
. ok
=gt P TH,t TH,t 1
Ht = PHt™H indy, _x 1—ind? * indt, _x 1—ind%,
71-H,t—l H7Tta7‘get " 7TH,t—l Hﬂ'turget H
—2 — %k *
B2 B, | 1 M TH +1 TH, t+1 1 Q41 i
- H™t H,t o o N o
Tt+1 )\t Tr;l,tzndHﬂ-rargetl lndH s anHﬂ-zkargetl anH Q*Iil,t ZK
(A.38)

First order condition with respect to the wholesale price of the Home tradable good
in the RW. Similar equations hold for the price P;* (h) set in the RW market.
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First order condition with respect to the price of the Home non-tradable good.
Each firm 7 sets the price Py (4) in the Home intermediate non-tradable sector to maximize the

present discounted value of profits

Eti B [QNJ(Z.)( Prp) _ MOy )} 7 (A.39)

T=t

where the term FE; denotes the expectation operator conditional on the information set at time

t, A, is the appropriate discount rate, and M Cy ¢ (h) is the nominal marginal cost.

The maximization is subject to the demand constraint

Qw.. (i) = (1> (PN’T(“)_GN Qnr (A40)

n PN,T

and the quadratic adjustment cost,

P (i) /PNqr-1(i) 1>2 Py - Onr- (A.41)

K/p

P BN
ACy, () = 5 indy _1—indx P
TN, 7—1Ttarget T

The adjustment cost is paid in unit of sector-specific product Q.+, where 4, > 0 is a parameter
that measures the degree of price stickiness, 7wy +—1 is the previous-period gross inflation rate of
nontradable goods (7n+ = Pn+/Pnt—1) , 7 is the long-run (consumer-price) inflation target set
by the central bank, and 0 < indy < 1 is a parameter that measures indexation to previous-

period inflation.

The FOC with respect to Py (i) is

M Py (i)~ At , Pny (i)~ .
0= E(l - 9N> PN,tieNiQN’t - EQNWMCN,t (Z) QMt
1/Pny—1(3) P (i) Py 4—1(i) Py
7)\1",{6)\/' ind : —ind zYnd Jind -1 7 QNvt
TrN,tflﬂ-gargetN N,tflﬂ-i}argetN Pt

B2 B, )\t+1pN,t+1(i)/P]%/,t(i) <PN,t+1(i)/PN,t(i) B 1) Py 141

indy _1—indx indy _1—indx P QN1 (A.42)
N,t Trtarget N,t Trtarget t+1

which becomes

On ANt
— — ) A 43
DNt O — [meN O — 1 + PNt ( )

where cpn ¢ is a sector-specific cost-push shock (thus, common to all firms in the sector) and
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An+ contains terms related to the presence of price adjustment costs

N,t— lﬂ-target N,tflﬂ-target

1 My1 T < TN t+1 - 1) QN,tﬂ]

A TN, TN, 1
Nt = pNtKN 7_‘_zndN —l1—indn 7—TindN 1—indn

_6’f€vEt

(A.44)

PNt - —
T —indNy _1—indy —indy _l1—indy QN,t

t+1 /\t 7TNt 71—target N,t 7rtarget

Wholesale (dock) price of EA imports from the US The US producer of the tradable

brand f solves the following profit maximization problem (similar to the one solved by the EA

exporter):
S 2Q. () + 5L0: () + =2 ()
EY B \r PS pro=T PrrS: . (A.45)
ol l MO Q. () + @3 (D) + Q5 ()
The demand curve in Home country for US goods is
Pr.. Py, "
Q- (f) = (F(f]l:nlv) Qr.rs (A.46)

while the (country-specific) adjustment costs paid by the generic firm f in the Home country,

invoiced in the currency of the Home country, are

_ _ 2 _
p
D :Hi PFT()/PF,Tfl(f) o PF,T

ACF,T (f) - 2 (ﬂ_;;ngFl (ﬂ_tm,get)l—indls 1 P'r QF,T' (A47)

The FOC with respect to (wholesale) Pr; (f) is
0— At (PF,t(f) + 7]PN,t>_9F O
== \|\—F t
P, Pr ’
A P +nPyn) 0r1 .
g, Bl EPNIT (B () - M C, (1) S) Qe
P PFJF

thp ’L’ndp 1 indp indp _l—indp
Ft 1 target Tpt— 17Ttarget

AP 1/Pri—1 (f) (PFt( f) /Pr— () )PFtQFtSt

P P P P P
+6K1};‘E )\t+1 Fttngp )1/ f;;: ) < Ft;rnldg* )1/ 15{1);( ) - 1) PF)‘thFl QF,t+1St+1 (A48)
Ft ﬂ-target 71—Fif Trtarget t+1
In the symmetric equilibrium, the previous equation becomes
prt = 0p (Drt — mcpSt) + Ape + cpr. (A.49)

where ¢pp, is a sector-specific cost-push shock (thus, common to all firms in the sector) and Ap;
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contains terms related to the presence of price adjustment costs

A, = WP TF¢t TEt 1
Fit = PFtNF —ndr —1—indy | —indr _1—indr
7-‘—F,iff17-(-ta'rget 7rF,tflﬂ—ifarget

—2 _
» 1 M1 TEi4 TFt4+1 QFt+1 St+1
—BrpEy Pre N, ~indp _1—indp \ —indp_l—indp 1 Q S, | (A.50)
t+1 t ’/TF,t //Ttarget Fit Trtarget Fit t

Labor bundle In the case of the generic firm 4 operating in the intermediate non-tradable
sector, the labor input Ly (¢) is a CES combination of differentiated labor inputs supplied by

domestic agents and defined over a continuum of mass equal to the country size (j € [0,n]):

Ly (i) = (1>L Uon Lo Gy j) 5 dj} Tﬁ (A.51)

n

where L (i, j) is the demand of the labor input of type j by the producer of good ¢ and o, > 1

is the elasticity of substitution among labor inputs. Cost minimization implies that

Ly (i.j) = (i) (Wt (j))_“ Lna (), (A.52)

where W (j) is the nominal wage of labor input j and the wage index W is

W, = Ki) /On W, (j)Ler dj} . (A.53)

Similar equations hold for firms producing intermediate tradable goods. Each household is the

monopolistic supplier of a labor input j and sets the nominal wage facing a downward-sloping

demand obtained by aggregating demand across domestic firms.

A.3 Households

In the Home country there is a countinuum of households of mass j € [0,n]. Each household j
maximizes its lifetime expected utility subject to the budget constraint. The lifetime utility, in

consumption C' and labor L, is

> Cy_
E; Zﬂt <ZPR7t log (Ct(j) - bcgtrtl) 1 i CLt (j)HC) ) (A.54)

T=t

where Zppr; is a consumption preference shock following an AR(1) process, 0 < § < 1 is the
discount factor, b, € (0,1) is the external habit parameter, ¢ > 0 is the reciprocal of the Frisch
elasticity of labor supply, and L; is the demand of the household-specific labor type by domestic
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firms,

L (j) = (W;éj) > - Ly, (A.55)

where the parameter o, > 1 measures the elasticity of substitution among different labor brands

supplied by different households. The budget constraint is

. . . Bri_1(9
By (j) + S:Bri(j) < (1+ Zt—l)ZDOMRP,t—1w
t

o . thfl(j) . .

+(1+14_1)Zusrpi—1[1 = T'Bpi-1] SeBri—1(j) + Ry T + Wi(4) L (5)
t
2
Kw W(])QT /Wfl(.j) rof /. . .
D) ( tmdw;l—z‘tndw — 1| WiL,+1I} f(]) — Pc Ci(j) — Prdi(j), (A.56)
Wit Tt

where the parameter ky > 0 measures the degree of nominal wage rigidity and L, is the total
amount of labor in the Home economy. By ; is the end-of-period t position in a nominal bond
denominated in the Home currency, B is the end-of period position in a nominal bond denom-
inated in US dollars. The two bonds respectively pay the domestic (1+14;) and US (1+44}) (gross
nominal) policy rates at the beginning of period ¢ + 1. The interest rates are known at time ¢
(consistent with the riskless bond assumption). The variable S; is the bilateral nominal exchange
rate of the domestic currency vis-a-vis the US dollar, defined as number of Home currency units
per unit of US dollar. The variable Zpomgrp is a risk premium shock to the bond denominated
in euro held by Home (i.e., EA) households. The variable Zysgp is a risk premium shock to
the bond denominated in US dollars held by Home households. Both shocks follow an AR(1)
process. A shock similar to Zysgrp holds in the RW.

The function I'p, ; captures the costs of undertaking positions in the international asset

market and pins down a well-defined steady-state. It has the following functional form:

StBFt StBFt
” = _ > 0.
PP )= (n (B ) ez

The parameter ¢ controls the speed of convergence to the non-stochastic steady state@ The
payment of this cost is rebated in a lump-sum fashion to foreign agents.

The sources of the household income are physical capital K:(j), which is rent to domestic
intermediate firms at the net rate R¥, labor L;(j), which is supplied to domestic firms and earns
the nominal wage W, (j), and IT?"°/ (), which represents profits from ownership of domestic firms

(the profits are rebated in a lump-sum way to households).

The variable I;(j) is investment in physical capital. The latter is accumulated according to

41 The function ® (.) depends on real holdings of the foreign assets in the entire Home economy. Hence,
domestic households take it as given when deciding on the optimal holding of the foreign bond. We require that
®(0) =1 and that ®(.) =1 only if S¢Bp /P = b, where b is the steady state real holdings of the foreign assets
in the entire home economy. The function ®(.) is assumed to be differentiable and decreasing at least in the
neighborhood of the steady state. See Turnovsky (1985) and Schmitt-Grohé and Uribe (2003).
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the following law:

V(L) ? ,
Ty <It_1(j) _9”> Zlﬂt(])} ) (A.57)

where 0 < 6 < 1 is the depreciation rate and investment is subject to a quadratic adjustment

Ki(j) < (1= 0)Ki—1(j) +

cost. The variable Z;; is an AR(1) investment-specific technology shock.

A.3.1 First-order conditions

Household maximizes the intertemporal utility with respect to consumption Ci(j), Bm,:(j),
Br(j), Wi(j), subject to the budget constraint, the capital accumulation law, and the ad-

justment costs.

The corresponding FOCs in the generic period ¢ are:

e with respect to domestic bond C;(j)
M (5) = Zpr (Co(j) = beCo1) (A.58)
e with respect to domestic euro-denominated bond By .(j)

. A j N
Ae(d) = BEtL(j)ZDO]VIRP,t(l + )T (A.59)
gri+1

e with respect to US-dollar bonds B (j)

. A j o AS
A (j) = BEtL(”(l +i7)(1 = Tp4) Zusrps —t (A.60)
gri+1 Tt41
e with respect to the end-of-period capital K(j)
. ri ~(1=9
Qi) = 881 [ 4 Qua() U= (A61)
gTt+1 gTt+1

where Q(j) is the Tobin’s Q (i.e., the multiplier of the capital accumulation law),
e with respect to investment I;(j)

Ae(J)pre = Qe()) [Zl,t - % (ItItEJ&) - grt> Zrg— (Itlt(lj&) - 97"t> AR ItIt(j&.)
U )] , (A.62)

Tiy1(5) ) I
= —gr V4 .
It(]) gri4+i It+1 Itg(])

+BEQt41(5)¢ K
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e with respect to nominal wage W;(j)

Wi (i) Trarot W, (7)) "* Wie(5) /W1 (4 Wi /Wi_1(g
Wt L Wt ﬂW,tlilﬂ-l_anw 7TW,tI—17Tl_mdw

+ CPL.t, (A63)

—BAt+1Ew (WtJrl(j)/Wt(j) - 1) Wi 1 Wi (5)/We () Lt

indw 1 —ind indy ,_1—ind
Ty T w Ty T w [y

where ¢pr, ¢ is an AR(1) cost-push shock that affects the labor supply.

A.4 Monetary policy

The Home central bank set the policy rate according to the following Taylor rule:

1414 14,1\ (1—=p14i)pr DP (1—p1yi)paDP
+ i :( +i 1) (m) + ( GDP; ) (14 Z1s). (As4)

1+i 1+i T GDP;,_,
where 1 + 4; is the gross monetary policy rate (i; is the net policy rate). The parameter piy;
(0 < p14; < 1) captures inertia in interest rate setting, while the parameter R represents the
steady-state gross nominal policy rate. The parameters p, and pgpp are respectively the weights
of Home consumer price index (CPI) inflation rate (m;) (taken as a deviation from its long-run
constant target 7) and GDP (GDP;). The term Zp4; is an i.i.d. monetary policy shock.
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