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1. I ntroduction

Over the last six years a large literature (the so-called “New Open Economy Macroeconomics, NOEM™)
has developed examining the optimal conduct of monetary policy in a class of opepreconomy dynamic
general equilibrium models that feature imperfect competition and nominal rigidities.” One of the models
that recently has attracted a lot of attention is the one of Gali and Monacelli (2000). This model
combines the open economy features of the NOEM, with the elegance of the benchmark New-Keynesian
closed economy model as, for example, analysed in Woodford (1999). In this model, one of the striking
findings is that the welfare results obtained in the basic New-Keynesian model carry over to its open
economy counterpart: Welfare optimising monetary policy results in a complete stabilisation of the
domestic price level. In particular, there is no trade off between output gap stabili&atiljn and domestic
price stability and there is no need for an explicit consideration of the exchange rate.” This result has
proven to be relatively robust with respect to certain extensions of the model. For example, in a two-
country set-up Benigno and Benigno (2001) have shown that a policy pursuing domestic price stability
can be considered as the optimal outcome in a Nash game between the monetary authorities in two
countries. Similarly, Obstfeld and Rogoff (2000) have rejected the necessity of a new international
compact on the basis of the argument that policies geared at domestic price stability deliver outcomes
that are close to the first best. In another extension, Benigno (2001) shows that achieving domestic price
stability continues to characterise the optimal monetary policy when international financial markets are
incomplete.

One feature that characterises all the models discussed above is the assumption of perfect exchange rate
pass-through. There is, however, a lot of empirical evidence that changes in nomina exchange rates
affect import prices only gradualy. Recently, Campa and Goldberg (2001) estimated pass-through
equations for 25 OECD countries over the period 1975 to 1999. They find that they can reject the
hypothesis of complete short-run pass-through in 22 of the 25 countries. In contrast, long-run elasiticities
are generally closer t(ﬁone; Campa and Goldberg (2001) reject long-run pass-through equal to one in only
9 of the 25 countries.” Based on an empirical analysis of international prices for two magazines, Ghosh
and Wolf (2001) argue that sticky prices or menu costs are a better explanation for imperfect pass-
through than strategic pricing or international product differentiation. Consistently with the findings of
Goldberg and Campa (2001), these find complete long-run pass-through, which typically holds in
theories based on sticky prices, but does not hold in theories of international product differentiation.

2 The seminal publications in the area are Obstfeld and Rogoff (1995, 1996). Other notable contributions include Betts and
Devereux (1997,1998), Kollmann (2000a,b), Gali and Monacelli (2000), Ghironi (1999), Benigno and Benigno (2000),
Chari, Kehoe and McGrattan (2000), McCallum and Nelson (1999), Corsetti and Pesenti (2000, 2001). This literature
paralels an abundant literature on optima monetary policy in closed economy dynamic general equilibrium models. See, for
example, the volume edited by Taylor (1999).

See Woodford (1999) for a clear and thorough analysis of this result. The semina papers are King and Wolman (1999),
Goodfriend and King (1997) and Rotemberg and Woodford (1997).
4 Other recent evidence on imperfect pass through can be found in McCarthy (1999).
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In this paper, we explore the implications of sticky import prices and imperfect exchange rate pass-
through for optimal monetary policy. This is done in three steps. In the first step, we develop a
completely micro-founded model for an open economy with sticky domestic and import prices, which
takes the international interest rate, prices and output as given. This model differs from the benchmark
model in Gali and Monacelli (2000) in two important ways. First, asin Monacelli (1999), we introduce a
monopolistically competitive import goods sector with sticky prices. Firms in this sector import a
homogenous foreign good at a given world price and produce a differentiated import good for the
domestic market. Following Calvo (1983) and capturing the presence of menu costs, import firms are
only allowed to change their price when they receive a random price signal. In line with the empirical
evidence discussed above, the assumption of sticky import prices implies a gradual adjustment of import
prices to the level implied by the law of one price. In addition, following the suggestion by McCallum
and Nelson (2001), we alow imported goods to be used both in consumption and production. Second,
following Ghironi (2000), we introduce Blanchard-Y aari-type overlapping generations into the Gali and
Monacelli (2000) model.” This alows us to derive a well-defined stationary steady-state for
consumption, the terms of trade and net foreign assets, around which the model can be linearised. It also
allows for apotentially important role of the current accqunt and net foreign assets in the dynamics of the
economy, which we do not further explore in this paper.

In the second step, we calibrate a linearised version of the model using euro area data. As our analysis
focuses on the implications of imperfect pass-through for optimal monetary policy, our calibration
exercise concentrates on estimating the degree of price stickiness in the domestic and imported goods
sectors. In order to do so, we use a new estimation methodology. Using a VAR on euro area data, we
estimate the effects of amonetary policy shock on domestic and import prices and the three variables that
drive those prices. output, net exports and the exchange rate. Conditional on the response of output, net
exports and the exchange rate to the monetary policy shock and other structural parameters of the model,
we can then estimate the degree of price stickiness in the domestic and imported goods sector by
minimising a measure of the distance between the empirical and the model-based impulse responses of
domestic and import price inflation to the policy shock. The results of this exercise suggest two
conclusions. First, there is a considerable degree of price stickiness in euro areaimport prices, consistent
with the findings mentioned above. Second, the degree of stickiness in import prices is not significantly
different from that in domestic prices.

In the third and final step, we then analyse the implications of sticky import prices for optima monetary
policy in the calibrated model. We assume that the central bank’s mandate is to minimise the distortions
that arise from staggered price setting in the domestic and imported goods sector. Following Woodford
(1999), we show that the output cost of these distortions is proportional to the relative price variability in
the respective sectors, which in turn is proportional to the variance of price inflation in that sector. The

5 More specifically, we use the discrete-time version developed in Frenkel and Razin (1989).

For athorough discussion of this point, see Ghironi (2000).
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resulting loss function can therefore be written as a weighted average of the variance of domestic and
import price inflation, where the relative weight depends on the degree of openness of the economy (or
the relative importance of both sectors in consumption and production) and the relative degree of price
stickiness. As import price inflation will depend on the gap between the sticky import price and the
foreign price denominated in local currency, one important implication of this analysisis the introduction
of an explicit reason for the stabilisation of the nominal exchange rate in response to other shocks than
those that affect foreign prices. The reason is that such movements in the nomina exchange rate create
relative price distortions in the imported goods sector. Another important implication is that the
combination of sticky domestic and import prices makes the achievement of the flexible price outcome
no longer feasible, even if the central bank only cares about domestic inflation stabilisation. The reason
is that imperfect exchange rate pass-through makes the exchange rate channel less effective. As a result
more of the adjustment needs to be born by the domestic interest rate channel which primarily affects
domestic demand. These findings echo the analysis in Erceg, Henderson and Levin (2000), who come to
similar conclusions focusing on the trade-off between the stabilisation of sticky price and wage inflation
in a closed economy. We discuss the optimal policy response to a domestic productivity shock, a world
demand shock and an exchange rate shock. Overall, the results show that an exclusive focus on the
stabilisation of domestic pricesis no longer optimal, when import prices are sticky and the exchange rate
pass-through is gradual .

A number of papers have analysed monetary policy behaviour in the presence of imperfect exchange rate
pass-through. For example, Devereux and Engel (2000) examine the implications of local currency
pricing in the context of the Obstfeld-Rogoff model and argue that in contrast to the findings of Obstfeld
and Rogoff (2000) in this case optimal monetary policy in response to real shocksis fully consistent with
fixed exchange rates. Other papers are Monacelli (1999), Batini, Harrison and Millard (2000), Devereux
(2000) and Adolfson (2001). Those papers analyse the performance of simple monetary policy rules in
the presence of imperfect exchange rate pass-through. However, they do not consider the costs of
imperfect pass-through and as such ignore the explicit role for exchange rate stabilisation that it implies.
This partly explains why the conclusions are sometimes different. For example, Devereux (2000) finds
that a rule that stabilises non-traded goods price inflation performs the best, in particular when pass-
through is limited. However, the welfare judgement is based on an ad hoc examination of the volatility of
output, consumption and inflation. As we show in this paper, in the presence of sticky prices in both the
domestic and the import goods sector, the response of output and consumption will indeed be less than in
the flexible price outcome when a productivity shock hits. However, this response is sub-optimal.
Another example is Adolfson (2001), who analyses the impact of incomplete exchange rate pass-through
when the central bank minimises a standard loss function in inflation, the output gap and interest rate
changes. Adolfson (2001) finds that lower passthrough leads to higher exchange rate volatility.
However, also this result depends on the fact that exchange rate stabilisation does not explicitly enter the
loss function.

Our results are most similar to those obtained by Corsetti and Pesenti (2000). In a model with
predetermined domestic and foreign prices based on Corsetti and Pesenti (2001), they show that the
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optimal policy is to minimise the expected value of a CPI-weighted average of mark-ups charged in the
domestic market by domestic and foreign producers. The reasons for doing so are different from those in
our model. In Corsetti and Pesenti (2000), risk-averse producers respond to the variability of profits from
a specific market by increasing the ex-ante price charge in that market. Policy makers can defend
domestic consumers welfare by committing to stabilise producers’ profits around their equilibrium flex-
price level. Corsetti and Pesenti (2000) also find that a low degree of pass-through severely constrains
the ability of monetary policy to move the economy towards the flexible price allocation.

The remainder of the paper is organised as follows. In Section 2 we develop the theoretical model, derive
its steady state and a log-linearised version. In Section 3, we derive and discuss the loss function of the
central bank, which is based on a minimisation of the resource cost of inefficient relative price variability
in the domestic and imported goods sector. Section 4 presents the calibration of the model. We first
estimate a VAR using synthetic euro area data over the period 1977-1999. This VAR is used to derive the
empirical impulse response function of a monetary policy shock and an exchange rate shock on the euro
area economy (Section 4.1). In Section 4.2 the structural parameters of the price setting processes are
estimated. Section 5 analyses the optimal monetary policy response under commitment and discretion to
a productivity, world demand and exchange rate shock. Finally, we make some concluding remarks in
Section 6.

2. An open-economy model with sticky domestic and imported goods
prices

In this section, we develop a dynamic sticky-price model for an open economy. This model brings
together two strands of the literature. The domestic monopolistically competitive goods market is
modelled as in the closed-economy models of Rotemberg and Woodford (1997) and Clarida, Gali and
Gertler (1999). The consumption and savings decisions, on the other hand, are derived along the lines of
the discrete-time \ﬁersi on of the Blanchard-Y aari overlapping-generations model as developed by Frenkel
and Razin (1989)." Using an overlapping-generations framework allows us to derive a stationary steady-
state for consumption,the terms of trade and net foreign assets in an economy which takes the world real
interest rate as given.” Imperfect exchange rate pass through is modelled as the result of sticky import
price setting rather than from an explicit model of optimal price differentiation. The introduction of
sticky prices introduces a meaningful role for monetary policy in such a model, which through its
influence on the nominal interest rate can stabilise the economy in the face of exogenous shocks. It also
provides a rationale for inflation stabilisation, which is discussed in the next section. As a result, the
model allows usto examine the implications of openness for optimal monetary policy in the next section.

" SeeBlanchard (1985).

8  See, for example, Ghironi (1999) for an application of the Blanchard-Yaari framework to an open economy with price
rigidities.
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2.1 Consumption and labour supply decisions

211 Thehouseholds consumption and labour supply decisions

The objective of the representative household of generation i is to maximise the expected utility flow
derived from consumption and from providing labour services:

@ éﬁmh%k%?“ Kﬁhwﬂ

ltw

where [ is the discount factor,  is the constant probability of households to survive, Cit is the
consumption of the aggregate consumption basket by household i, |_it is the labour services provided by

the household i, (1/0) is the intertempora easticity of substitution in consumption and ¢« is the
elasticity of marginal disutility with respect to labour supply. As in Frenkel and Razin (1989),
households have afinite life expectation. A perfect insurance market inherits consumers' financial wealth

contingent on their death and redistributes this in proportion to financial wealth. As a result the effective
cost of borrowing or returns on savings relevant for individual decisionsis multiplied by 1/3.

Household i’ sintertemporal budget constraint is given by:
eFt , Bt _1

R a+m)—ﬂQFL¢+ﬂﬂ+N¢P¢nd+DwP+mﬁiTﬂ

)

where B, represent the holdings of domestic one-period government bonds issued on a discount basis
with an interest rate Ry, F; denote the holdings of one-period bonds issued by the rest of the world in

foreign currency with an interest rate, Ry, Dive® and Div{ are respectively the dividends distributed
by the domestic goods producers and the import sector, Tit is a government transfer. It is assumed that
international markets are incomplete, i.e. there is no perfect international risk sharing.

Maximising the household’s expected utility flow with respect to Ct' , Lit, Bt' and Fti subject to this

budget constraint, gives the familiar first-order conditions which can be expressed as the uncovered
interest r@te parity (UIRP) condition and generation i’s consumption Euler equation and labour supply

function:

© ﬁ;:tl

(@ {Ch}azﬁgﬁﬂﬁ
Ct R+/R

o f =1l H

® Aswewill eventually linearise the model, we analyse the model under the assumption of certainty equivalence and leave out

the expectations operators from the start.
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Using the UIRP condition (3) and the following expressions for financial wealth ( At' ), and human wealth
(H),
(6) Al=eFl_1+Bl_;,
M Hi=h{+Zf,9] (n&;%,;] hl vy
1+ Rt+k)
where h[' istotal household non-interest income and defined as h[' :V\/tLit + DivtD + DivtF —Tti ,
the budget constraint can be written as
®  Aa=""Rl-Aci+a]
Solving equation (8) forward and using equation (4), consumption of household i can also be written asa
fraction of total wealth:
@ PCh=o|Hi+ Al

where the propensity to consume out of wealth, defined as
A l-o
(10) o =|1+35 9189 NEHE+RRu) o ||

is constant over generations and RR, is the ex-ante real interest rate, given by:

1)  RR =—g+;g

For logarithmic preferences the propensity to consume is constant and equals 1— 3. For more general

iso-elastic preferencesit is also afunction of the expected real return on financial wealth.

2.1.2  Aggregation

Aggregating equations (8) and (9-over the generations alive at time t, yields the macro-economic
consumption and wealth equations:

(12) RC, = ®y[H; + Al
(13)  Au=@+R)h -RC +A],

from which the following macro-economic consumption function can be derived

(o] . .
1 Anaggregate variable, Xy ,isdefinedas X = (1-29) oA th , Where i refers to the generation born at period t-i.
i=0
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1 1-9 A
(14) Ct= —M{Ctﬂﬂ' ( ) D41 t+ ,
(,BRRt) J Pt+1

Equation (14) shows that due to the overlapping-generations nature of our model, aggregate consumption
isafunction not only of expected consumption, but also of the real stock of financial wealth. The interest
rate effect remains nevertheless unchanged. In the remainder of the paper, we will assume that the
government debt B; aways equals zero in equilibrium. This also implies that in every period the

government expenditures on subsidies to firms equal net transfers.

Aggregation of the labour supply equation (5) yields the following relationship:

w

ag
(15) (Lt)“’:l(1—:9)zz9i(cti)'B s
K i=0 R

In general, aggregate labour supply will depend on the distribution of consumption over the different
generations and thus on the wealth distribution. However, as in the steady state that we will describe

below all generations have zero net foreign assets and as a result the same steady state consumption, the
linearised version of this expression will only depend on aggregate variables (see section 2.4).

2.1.3 Thedemand for domestic and imported goods

The overall consumption basket is a CES aggregate of the domestic and import good bundles:
-

PO e S W e e

(16) Ct = (1‘0’C),7(CD,t) n "'O'Cf](CF,t n

1

with 77 is the elasticity of substitution between domestic and foreign goods and ac determines the
steady state share of imported goodsin total consumption.

The demEHd for the domestic and imported composite good derived from expenditure minimisation is
given by:

Ppt)| 7 PEt]™?
(17) Cpt= (1_%)(—) Ct and (18)  Cpgt= C’c(—J Ct
Pt Pt
where the aggregate price index is defined as:

1

1-n|1-n
+tac (PF,t) }

Each composite good isitself a bundle of differentiated goods:

1-n
(19 P = {(1_0'C)(PD,t)

' Here we suppress theindex i since theindividual and aggregate demand equations are identical.
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6-1 o 671 l6-1
(2)  Cpy :{JCP(z) 6 dz} and (22 Crt {ICIF(Z) 6 dZ]

The elasticity of substitution between any two differentiated goods, 8 , is assumed to be greater than one.

The demand for each differentiated good is then given by:

;N\l ;N7
| _ F)D,'{ | F)F,t
(23) Cpt = 5 Cpt ad (24) Crt= CFt

D,t PFt

where

1

(25 R = {J (R, )l_edf}l'g

and Hi,t is the price of the differentiated good for k=D,F.

2.2 Production and price-setting decisions

221  Firmsproducing domestic goods

In the domestic good producing sector, firm / traﬁlorms homogenous labour and the import good

bundle into a differentiated domestic output good.™ Following a Leontief-technology, the imported
intermediate good is used in afixed proportion, avy , of output:

[
(26) YID = mi n(Ut—L{[’lF_’t)
’ 1- ay day

where p¢ is an aggregate productivity shock and | - ; is an index over differentiated imported goods

used in production:
1

0 g
@7) |F't:@é(| an,t)l dm}1 6

Cost minimisation implies that:

/ /
vl _TEt

1—O'Y Oy

28  Ypp=

Nominal profits of firm 1 are then given by:

(29) =ht=(Pbt -~ MCi) Y ¢

2 For a thorough discussion of the importance of allowing for intermediate imported inputs in open economy models, see
McCallum and Nelson (2001).
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where the marginal cost is a function of aggregate productivity and the factor costs, the wage and the
import price. Moreover, the marginal cost isidentical across firms:

W,
(30) MCt = (1—ay)—+ayPe ;.

Ut
The demand for good / isthe sum of demand by domestic consumers and the demand by the competitive
export sector which bundles the differentiated into a homogenous export good:

/
PD.t

g
B)  Yp=Chr+ Chy = [CD,t + CTD,t]

PD.t
Following Calvo (1983), firms are not allowed to change their prices unless they receive a random
“price-change signal”. The probability that a given price can be re-optimised in any particular period is
constant and is given by (1—£&p ). Following Christiano et a (2001), prices of firms that do not receive a

price signal are imperfectly indexed to last period’ s inflation rate in domestic good prices. The degree of
indexation is given by the parameter yp .

Yo
PpDt-1
(32) P’D,t=( 2] Pb.t-1

Profit optimisation by producers that are “alowed” to re-optimise their prices at time t results in the
following first-order condition:

o [ 5
oN = O Ul = R
Dt (1-1)6-1)

)JEH)YID,H]' MCt+j

33
(33) v
1 PD t-1+ ]

290: — \ EJ Y/ il
o il 8700

Equation (33) shows that the price set by firm 7, at timet, is a mark-up over the expected future marginal

costs. If prices are perfectly flexible (& =0), the mark-up is a constant and equal to —(1 )9(3 1)
-7 —_

We will assume that firms are subsidised in such a way that in steady state the mark-up is zero. With
sticky prices the mark-up becomes variable over time when the economy is hit by exogenous shocks. A
positive demand shock lowers the mark-up and stimulates employment and output.

The definition of the price index in equation (25) implies that itslaw of motion is given by:
y 1-6
-6 _ PDjt-1]| " N -6
) (Pouff=¢6p PD,t—l[ 5 ] + (1‘5D)(pD,t)1

D,t-2
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Aggregating equation (31) over the monopolistic domestic goods producers and using equation (17) and
the equivalent equation for exported goods yields the overall domestic goods market equilibrium

equation:
- =1
Po ) Pp t *
(35  Ypit =0p; (TJ (1-ac)C +[P— Ci |,
t F.t
. -0
PD .t .
where 5Pt =] P— di is a measure of relative price dispersion in the domestic good sector.
’ D,t

Equation (35) illustrates the real resource cost of relative price dispersion in the domestic goods sector.
As the measure of relative price dispersion will always be greater than one (which is its steady-state
value when all prices of the differentiated goods are equal) and rise with the variance of domestic prices,
it shows that higher variability implies that for given aggregate output there will be less aggregate
consumption.

2.2.2  Firmsimporting foreign goods

The import sector consists of firms that import a homogenous good produced abroad and turn it into a
differentiated import good for the home market using a linear production technology. Asin the domestic
good sector, import firms are only allowed to change their price in response to a change in the exchange
rate or the foreign price when they receive a random price-change signal. The constant probability of
receiving such a signal is (1— ¢ ). As before, we aso assume that prices of import firms that do not

receive aprice signal are indexed to last period’ sinflation rate in import goods prices.

When an importing firm m is alowed to change its import price, it does so to optimise the present
discounted value of its profit flow subject to the demand constraint:

-6 -6
m m
PF t PF t
@)  YEPiS| | YRtT| (CF,t+|F,t)
PFt PFt

For simplicity, we assume the same elasticity of substitution between differentiated goods in the
domestic good and import sector.

Asin the case of the domestic good producers, this results in an expression for the optimal setting of the
new import price:

1 I *
P 1 VLYY '[PF,t+'et ]
@ pN .= OF JO(HL%(“RM)J s a

Pt @-r)6-1

Ve
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Again we assume that the subsidy rate is set such that the mark-up is zero in steady state. With flexible
import prices ({g =0), the importing firms simply sets the domestic sales price equal to the marginal

cost, which in turn equals the foreign currency price tranglated in domestic currency:
(38) Pr,t= PE e

This situation is equivalent to the traditional assumption of Producer Currency Pricing (PCP). Sticky
import prices lead to an imperfect pass-through of changes in the exchange rate and the foreign output
price on import prices.

The aggregate domestic import price becomes:

1-6

o PF -1 Ve N 1-6
(39) (PF,t) =¢p| Prt-1 ' +(1‘5F)(|0F,t)
Prt-2

2.3 The steady-state analysis

In this section, we analyse the non-stochastic steady-state of the model in which domestic and import
prices are stabilised. It is easy to show that this steady-state is also the flexible price non-stochastic
steady state. Below we will use this steady state as the point around which to linearise the model.

First, assuming that the foreign rea interest rate equals the inverse of the rate of time preference
(B= ]/Rﬁ) and that inflation is stabilised at zero, the propensity to consume out of wealth is given by:

1 1-o

(40) D®=1-989RR ¢ =1-98
Using the aggregate consumption equation (14), the definition of wealth and the law of motion for human

wedlth, steady-state consumpEjn can be derived as a function of the steady-state terms of trade
(TOT =Pp/Pr ) and outpui:

4) - (-9)® R (1—aYE—F P—_D\?z(l—aYii)i\?,
1 1 1RR-9 P’ P Pb' P

H_

1p°
1-989RRY 1-9B9RRY

The second equality follows from the fact that in steady state non-interest income equals the steady state

wage bill, which in turn equals the steady state value of output minus the value of imported intermediate
goods. The last equality follows from the assumption that S = ]/ RR. In steady state, higher potential

output and an improved terms of trade increase consumption. The assumption that [ =]/ RR aso

implies that the real trade balance and the real net foreign asset position are equal to zero in steady state.

Next, we examine the steady state relationship between output and the terms of trade from the demand
side. From equation (35), the following steady-state rel ationship can be derived:

8 Notethat Ppy /P isamonotonic positive function of the terms of trade. When 7 =1, Pp /P =TOT e
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- -n_,

PN N
(42) Y-5 1 O/C)c:+ﬁF c .

Using equation (41), a negative relationship between the steady-state terms of trade and steady-state
output follows:

)
43  v= s c’

_ B\
1-(1-ac)(1-ayTOT ‘1)(9]

P

Finaly, in order to characterise the steady-state output and terms-of-trade, we also need to consider the
supply side. In a steady state with constant prices, no stochastic shocks and an appropriate subsidy to

production, all prices set domestically will equal marginal cost. Moreover, the assumption that
B = :I/ RR also implies that consumption will be equal across generations. As a result, in steady state

the labour supply equation (15) will equal:
(44 W =kPL“CY.
Combining this with the aggregate production function derived from (28), the steady state versions of

equations (30) and (33), the expression for steady state consumption derived above, gives the following
steady-state supply equation:

_ \Htw = \1-o
(46) K\?‘”‘":( v j (Ql—aYTﬁT_l)%] :

1—O’Y

In this open economy there are three effects of an increase in the terms of trade on the supply of domestic
output. First, an increase in the price of domestic goods versus foreign goods has a direct negative impact
on the marginal cost as imported intermediate goods become cheaper. This has a positive impact on
steady-state output. Second, an increase in the price of domestic goods relative to imported goods will
also reduce producer wages for given consumption wages and thereby reduce the real marginal cost. Also
this effect on output is positive. Third, an improvement in the terms of trade also leads to increased
consumption through its positive effect on real wealth. This reduces the marginal utility of an additional
unit of consumption and leads workers to reduce their supply of labour. This has a positive effect on the
marginal cost and a negative one on output. The overal terms-of-trade effect will depend on the
coefficient of relativerisk aversion. If g >1, then the supply curve will have a negative slope. However,
it can also be shown that the slope of the steady-state supply curve will be steeper than that of the steady-
state demand curve. Also note that an increase in productivity (i.e. arisein U ) shifts the supply curve to
theright.

Graph 1 summarises the steady state analysis for g =1, in which case the supply curve is vertical. A
permanent increase in world demand leads to an improvement of the terms of trade, while output remains
constant. A permanent increase in productivity leadsto arisein output and afall in the terms of trade.
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Insert Graph 1
Steady-state analysis

The steady-state discussed in this section characterises both the steady state under flexible prices and the
one under sticky prices when inflation is completely stabilised. In what follows we will analyse small
deviations around this steady state.

24 The linearised open-economy model

In this section we linearise the model discussed in Section 2.1-2.2 around the steady state discussed in
Section 2.3. In addition, we normalise the steady state terms of trade to be one.

Linearisation of equation (3) yields the following uncovered interest rate parity condition:

Ak

49 §=8n+R-R,

where the last term captures stochastic deviations around the world real interest rate. In the rest of the
paper, this shock will be interpreted as a temporary change in the risk premium on domestic currency
assets.

Linearisation of equation (11) yields a version of the Fisher equation:

@) RR=R-[R.-R

Around a steady state with SRR =1 and zero net wealth, the linearisation of the consumption function
yields:

1-9)

A 1 _~ =& —
(50) Ct = _; RRt +Ct+1+ q)at+1,
where & = d(A[/Pt)/C_J is the deviation of real net foreign assets from steady state as a percentage of

steady state consumption. Variations in the propensity to consume are of second order around this steady
state and can therefore be neglected. The corresponding net foreign asset accumulation equation is given

by:

(51) Fra1= (1+ ﬁﬁ)[é’t +Y; - C +(ac + 9y ](lﬁDt + et)]

1—0’Y

Linearisation of the domestic price setting equations result in the following expression for domestic price
inflation (ﬂD,t = PD,I - PD,I—l):

YD
1+ Byp

[lf)D,t —(L-ay)W—ay PE+(L-ay) vy

ot = ot D t-1

1+ Byp
(- B&H)A-&p)
(1+ Byp }ép

Domestic inflation depends on past and expected future inflation and the current real margina cost,

(52)

which itself is a function of the wage and the price of imported inputs relative to the price of domestic
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goods and the productivity shock. When yp =0, this equation reverts to the standard purely forward-

looking Phillips curve. In other words, the degree of indexation determines how backward looking the

inflation process is. The elagticity of inflation with respect to changes in the marginal cost depends
mainly on the degree of price stickiness. When all prices are flexible (ép = 0), this equation reduces to

the normal condition that in aflexible price economy the real marginal cost should equal one.

Similarly, import priceinflation (77g { = ISF,I - |5F,t—1) is determined by:

VE 4 1 (A-BE)A-SE)[xA A
1+ By TR 1+ By 4= [PF’t+e[]’

where we have assumed that the foreign price level is constant.

(53) fIF = fIF t+1 7t

1+ Byr

The linearisation of the aggregate labour supply function (15) and the production function (28) yields:
(54) W =R+ +0C; -l

Linearisation of the goods market equilibrium equation yields:
Yy = (1= (1-ac)*@-ay))(Por — B ) + (- ac)(L-ay)C;

(55) .
+(1-A-ac)d-ay))Cy

Finally, the consumer price level is given by:

(56) R :(1—0’c)|5H,t +0’c|5F,t

Adding a policy reaction function for the nominal interest rate closes the system. The linear model
containing equations (48) to (56) can be further reduced to a dynamic system in six variables: the rea
exchange rate, the terms of trade, consumption, net foreign assets, domestic price inflation and imported
price inflation. The stochastics depends on three exogenous shocks: a productivity shock, a foreign
demand shock and arisk premium or foreign interest rate shock.

Before discussing optimal monetary policy in the calibrated open economy model of Section 4, it may be
worth discussing the various transmission channels of monetary policy in this economy. In the closed
economy model of Rotemberg and Woodford (1997) the only channel of monetary policy is the
intertemporal substitution effect of changes in the interest rate on spending. In the open-economy model
discussed in this section, there are additional transmission channels that work through the effects of
changes in the exchange rate on the terms of trade. Combining equations (52) and (54), one can show
that changes in the terms of trade have two important effects on real marginal cost and thus inflation.
First, an appreciation of the terms of trade will reduce both domestic and foreign demand for
domestically produced goods. This will have a negative impact on domestic output and reduce the
marginal cost of producing an additional unit of output. The reduction in marginal cost will be reflected
inafall in domestic inflation. Second, an improvement in the terms of trade has a direct negative effect
on the real marginal cost through the price of imported intermediate goods and because it increases
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producer prices relative to consumption prices which affect the nominal cost of producing an additional
unit. The size of this effect will of course depend on the degree of openness of the economy. It is easy to
show that this effect is similar whether imported goods are used as intermediate or final consumption
goods.

Finally, changes in the terms of trade also have a wealth effect on consumption which is enhanced
through the effect on net foreign assets. As can be seen from equation (51), an improvement in the terms
of trade will lead to an accumulation of net foreign assets which enter the consumption function because
of the overlapping generations structure. Higher consumption will in turn have a positive impact on
prices both through its direct impact on labour supply and through its impact on the demand for domestic
products. When the intertemporal elasticity of substitution is small enough (or sigma large enough), this
effect may dominate the other negative terms of trade effects.

3. The central bank”sloss function

In this section we discuss the central bank’s objective function that we will use to analyse optimal
monetary policy. Rather than assuming the standard quadratic loss function in inflation and the output
gap asis donein alarge part of the literature on optimal monetary policy, we want to relate the central
bank’s objective function to the underlying model and the welfare of the consumers. One of the
interesting questions to be addressed is indeed whether the standard loss function is appropriate for an
open economy. First, in an open economy it is not clear which inflation rate, domestic or consumer price
inflation, should be targeted. Second, the notion of the output gap is not straightforward. As discussed
below, in an open economy, the flexible pric[li.llevel of output will be affected by changes in the terms of
trade and shocks that originate from abroad.™ Finally, while the standard quadratic loss function can be
derived in a specific purely forward-looking model as discussed in Woodford (1999), changes in the
nature of the inflation process, such as the presence of indexation, will also alter the form of the loss
function.

However, because of the overlapping generations structure a full-blown derivation of the central bank’s
loss function from consumers’ utility as in Rotemberg and Woodford (1997) is rather complicated.™ In
the following, we will therefore assume a more limited, but arguably more realistic mandate for the
central bank. In our model with staggered prices in both sectors, both domestic and imported price
inflation give rise to resource misallocation across monopolistic competitive sectors that are otherwise
similar. We will assume that the central bank aims at minimising those distortions that arise from
inflation. Such a mandate is arguably more consistent with the real world practice that most central bank
mandates focus on price stability. Another reason for focusing on the costs of inflation is that in
calibrations of the standard loss function derived in Woodford (1999) the weight on the output gap is

14 See, for example, the discussion in McCallum and Nelson (2001) on thisissue.

¥ For aderivation of awelfare based loss function in a similar OLG model without sticky prices, see Ghironi (2000). Benigno
(2001) is an example of afull-blown welfare analysis in a two-country model.
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usually very small compared to the weight on the variance of inflation. This would aso hold in our
model. Finally, focusing on the inflation terms also makes the welfare function more robust to different
specifications of the real sector and in particular the interpretation of the various shocks.

To derive the loss function of the central bank we proceed in three steps. First, we first derive a measure
of the resource cost that is due to relative price variability. Then we show that these resource costs are
proportional to the variability of prices in the monopolistic domestic and import good sector. Finally, we
relate the variability of prices to the variance of inflation and the change in inflation as in Woodford
(1999), Steinson (2001) and Amato and Laubach (2000).

In order to illustrate the resource cost of relative price variability in the monopolistic domestic good and
import sector, it is useful to start form expression (16) for the aggregate consumption bundle and relate
the consumption bundle to the real resource cost in terms of units of output and net imports that are
needed to produce it. This can be done by substituting the aggregation of equation (31) and (36) into
equation (16). Thisyields:

"/
1 n-1 1 n=11np-1
nl Y n = M n
60) Cr=|@-ac)?| =X | +ach| —-lgy
9Dt OF t
i 779 i 17
POt | PEt| N
where Jp t = | P_ di and Op; =] P_ di denote the resource cost of relative price
Dt F.t

variability in the domestic and imported goods sector. Both measures are one in steady state, when all
prices are stabilised and equal to the average price in the sector, and become greater than one when
individual prices deviate from the average price. Equation (60) illustrates that for given units of output
produced at home and foreign goods imported, aggregate consumption will be higher, the lower these
measures of relative price variability.

In what follows, we will assume that the central bank tries to minimise a weighted average of the
resource costs due to relative price variability in the domestic and the imported good sector. The relative
weight is assumed to be proportional to the relative elasticity of aggregate consumption with respect to a
change in the two resource costs (9 ). Taking the derivatives of equation (60) with respect to 5D,t and

5,: ¢ and evaluating them at the steady state, the following elasticities are derived:

ay

62 Wph =1and wg =ae + .
(62) D F=dac T+ay

The weights depend solely on the parameters characterising the openness of the economy. The higher the
share of imported goods in consumption and in production, the greater the weight on relative price
variability in the imported goods sector in the central bank’ s loss function.
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In the next step, we can link the resource cost J to the variability of relative prices in the monopolistic
sector by taking a second-order Taylor expansion. Thisyields:

6) Oy =%(1+92) VaiBl; fork=D,F.

A higher relative price variability increases the resource cost; by how much depends on the degree of
monopolistic competition. The higher the degree of competition or the lower the market power of firms
(the lower the mark-up), the higher the resource cost. The intuitive reason for this is that the higher the
degree of substitutability between differentiated goods, the more demand and output will respond to
changes in relative prices that arise from inflation. As the efficient alocation is one where equal
guantities of the differentiated goods are produced and consumed, this is indicative of a worse resource
misallocation. However, as we have assumed the same degree of substitutability between differentiated
goods in the domestic and import sector, the degree of monopolistic competition will not feature in the
weights at the end of this section.

Finally, following Woodford (1999), Amato and Laubach (2000) and Steinsson (2001), we can relate the
unconditional variance of relative pricesin both sectors to the unconditional variance of the inflation rate
and its change, asfollows:

i _ Sk@-p)@ =) Sk (S =D +19) _
(63)  VarR= VarArm ; for k=D,F
N (L-&) (L-&) “

Equation (63) shows that the weight on inflation in the domestic and imported goods sector will depend
on the degree of price stickiness (&) and the degree of price indexation (). A higher degree of price

Var ﬂk,t +

stickiness will increase the weight on inflation in that sector.™ The degree of price indexation primarily

determines the relative weight of the level of inflation as opposed to the change in the inflation rate.
Without indexation, yj = 0, only the variance of inflation matters:

i ¢
(64) Var| Fﬂ’t = —kZVar ﬂk,t .
(1-4)
With perfect indexation to past inflation, yj =1, only the change in inflation needs to be stabilised:
o - Sk
(65) Var| H(,t = > VarAﬂk,t .
(1-&)

In summary, in the rest of this paper we will assume that the central bank minimises the following
weighted average of the variance in inflation and the change in inflation in both domestic price and
import price inflation:

' This result was highlighted by Benigno (1999), who argued that targeting a weighted average of sectoral inflation where the
weights depend on the degree of price stickiness came close to achieving the first-best outcome. See also Benigno and
Lopez-Salido (2001) for an empirical application to the euro area.
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where the weights are determined by those in equation (63).

4. Empirical calibration of the open-economy model

In order to analyse the optimal policy response to the shocks affecting the economy, we need to calibrate
the parameters of the model. Given that the weights in the objective function of the central bank are
crucially dependent on the parameters governing the domestic and import inflation process, we
concentrate the empirical calibration of the model on these parameters. This calibration is done on the
basis of euro area macro-economic data

In the literature, there are basically two ways of estimating the parameters of price stickiness and
indexation featuring in equations (52) and (53). One way is due to Rotemberg and Woodford (1997) and
Christiano et a (2001) and consists of estimating the effects of a monetary policy shock using an
empirical methodology such as identified VARS and estimating/calibrating a subset of the structural
parameters such that the theoretical impulse responses match as closely as possible the empirical ones.
For example, using this methodol ogy, Rotemberg and Woodford (1997) calibrate the Calvo parameter of
price stickiness to be 0.66 in US data.™" One problem with this methodology is that the estimation of the
parameters of interest will depend on the full structure of the model. This point is highlighted by
Christiano et al (2001).” These authors show that the estimated degree of price stickiness crucialy
depends on how the real economy and in particular the marginal cost is modelled. They show that the
estimated degree of price stickiness falls quite considerably and is not significantly different from zero if
nominal wages are modelled as being sticky. Even allowing for sticky wages, the estimated degree of
price stickiness varies from 0.34 to 0.54 depending on how the rest of the economy is modelled regarding
habit formation in consumption, adjustment costs in investment and variable capital utilisation. As
combining the open economy features of the model in this paper with a realistic modelling of the
persistence in the rest of the economy is beyond the scope of this paper, using this methodology in the
current model would naturally bias our estimates upward.

A second way of estimating the price parameters is to estimate equations (52) and (53) directly using
instrumental variable techniques as in Gali and Gertler (2000) and Sbordone (1998). For example, using
GMM methods, Gali, Gertler and Lopez-Salido (2001) find that the degree of price stickiness in the euro
area lies between 0.79 and 0.92 depending on the specification of technology. This methodology works
quite well for the pricing equation estimated in those papers because under the assumptions of the model
the real margina cost can be measured by the wage share and is therefore directly observable. However,
under more general conditions this may not be the case. Moreover, for other prices such as wages or

" In a previous version of this paper, we applied the same methodology to an open economy model for the euro area. See
Smets and Wouters (2000).

8 See dso Dotsey and King (2001).
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import prices, such a straightforward empirical counterpart to the driving factors may not easily be found.
In such a case, one needs to take a stand on how to measure the unobservable variables that enter the
driving variables, such as, for example, preference shocks. For example, Sbordone (2001) assumes that
preference shocks follow a random walk and then proceeds to filter them out using a standard filter. Such
an assumption regarding the nature of the preference shock appears to be quite arbitrary and is likely to
affect the results considerably.

In this paper we use a methodology to calibrate the price parameters, which combines features of both
methods. As in Rotemberg and Woodford (1997) and Christiano et a (2001), we use empirical impulse
response functions of domestic and import price inflation to a monetary policy shock to calibrate the
stickiness parameters. However, as in Sbordone (2001) we take the process driving the fundamental
factors entering the pricing equations as given. That is, in estimating the stickiness parameters we take
the response of output, net trade and the exchange rate as given and minimise the difference between the
implied theoretical response of domestic and import price inflation to the shock and its empirical
counterpart. This methodology alleviates the criticism of the first methodology that the estimated
stickiness will depend crucialy on how the real side of the economy is modelled, by taking the response
of the driving factors as given. It aso aleviates the difficulties of the second methodology with the
identification and measurement of unobserved shocks, by doing the analysis conditional on an identified
structural shock (in our case a monetary policy shock).

Of course, this methodology does not solve al problems. First, the results may depend on the
identification of the monetary policy shock. To check the sensitivity we also examine the sensitivity of
the results to an aternative exchange rate shock. Second, the form of the error-correction term that
appears in equations (52) and (53) does depend on certain assumptions regarding technologies and
preferences.

The rest of this section reports the results of this calibration exercise. In the next subsection, we estimate
an unrestricted VAR and discuss the identification method for obtaining the impulse response functions
of the two structural shocks: a monetary policy shock and an exchange rate shock. In Section 4.2. we
calibrate the model of Section 2 and estimate the price stickiness parameters using the methodol ogy
discussed above.

4.1. A VAR modd estimated on synthetic euro area data

For convenience, below we repeat the three pricing equations of interest:

YD _(1-5p)A-¢p) .,

67) TID t =—1+ ﬁVD 7TD,t+1+1+ ﬁVD 71D, t-1 (1+ ﬁVD)fD
[Boi~(@-ay)(B +(@+ oW +0 (% ~Co)) ~ay B +(A-ay )L+ @)py
. __ B . YE . 1 (A-B)A-S) [ -
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(68) fIF t 1+ By; TF t+1 1+ Bye TF t-1 1+ Bye f [PF,t et]

(69) R =(@-ac)Pyt+achke
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From these equationsit is clear that three variables are driving the vector of prices. output, net trade and
the exchange rate.

In order to estimate the stickiness parameters, in afirst step we therefore estimate a 6x6 VAR system for
the euro area over the period 1977:1 to 1999:4 containing real GDP, net trade as a percentage of GDP,
domestic CPI inflati OE;] a short-term nominal interest rate, the real effective exchange rate (re) and

import price inflation.”™ The US-dollar 3-month interest rate (Rys)), the US-GDP and CPl-inflation rate
and world commodity-prices R ; enter the VAR as exogenous variables in order to control for world

conditions.

I \2 ] Yi-1 ey ]
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Asin much of the literature on the effects of monetary policy using VARS (see, for example, Christiano,
Eichenbaum and Evans (1999)), the impulse-response of the endogenous variables to a monetary policy
shock and an exchange rate shock are identified by using a Choleski decomposition. The implicit
identifying assumption is that changes in monetary policy have only a lagged effect on output and
domestic prices, but may have an immediate impact on the exchange rate and therefore import prices.
The immediate impact effect of a monetary policy shock through import prices on CPI-inflation is
assumed to be negligible. The exchange rate shock is identified as the shock to the exchange rate
equation.

Insert Graph 2
Estimated response to a monetary policy shock
(Euro areadata: 1977-1998)

The empirical impulse responses for a monetary policy and exchange rate shock are given by the solid
lines in Graph 2. The bounds represent two times the standard error of a bootstrap exercise. The
estimated impulse response functions appear to broadly conform with expectations. First, the monetary
policy shock leads to an immediate increase in the short-term interest rate of about 36 basis points. The
interest rate response is hump-shaped and remains significantly positive for about two years. Second, the
real exchange rate appreciates significantly following atightening of monetary policy. The exchange rate

1 The synthetic euro are variables are constructed in Fagan et a (2000).

® The VAR is estimated with quarterly dummies, but without a time trend. Two lags appear to be sufficient to make the
residuals white noise.
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further appreciates in the two subsequent periods and then starts depreciating. Note that the continued
appreciation during the second and third quarter is at odds with the typical adjustment path one would
expect on the basis of the uncovered interest rate parity condition which holds in the model. The hump-
shaped response of the exchange rate has also been noted in estimated VAR for the US (Eichenbaum
and Evans, 1995). The exchange rate response to a monetary policy shock especially at its peak value, is
stronger than one would expect on the basis of uncovered interest rate parity condition that holds in the
theoretica model. Following the exchange rate appreciation, import price inflation declines on impact,
but then further drops during three subsequent quarters.

Third, as aresult of the tightening of monetary conditions, output starts falling in the second period and
obtains its trough after ten quarters. The maximum impact is around 15 basis points. It then slowly
returns to its original level. Following a short negative, but insignificant response, the trade balance
improves in line with afall in imports. Finaly, domestic CPl-inflation starts falling the period following
the shock. The maximum impact of about 0.15% on an annual basisisin the third quarter after which it
slowly returns to zero. Ovetall, these responses are consistent with other evidence on the transmission
mechanism in the euro area.

Insert Graph 3
Estimated response to an exchange rate shock
(Euro area data: 1977-1998)

The effects of the exchange rate shock are shown in Graph 3. A typical exchange rate shock is
represented by a 1.5 to 2 percent appreciation of the real exchange rate during the first four quarters and
than the shock is reversed and shows some overshooting during the third year. Net exports as a
percentage of GDP fall quite rapidly and significantly by more than 10 basis points. The negative
response of output is much more sluggish and not significant, which reflects the positive response of
consumption to the improvement of the terms of trade and the associated wealth effect. The impact on
import price inflation is strong and immediate, but rather short-lived. CPI inflation also declines with a
peak in the quarter following the shock.

Both impulse responses contain significant information on how inflation in import prices and consumer
prices reacts to the two shocks. This information alows us to estimate the relative stickiness in the
theoretical price equations, using the impul ses of the other macro-economic variables that were identified
by the model, as the driving forces behind the price dynamics.

2L See, for example, Peerman and Smets (2001).
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4.2. Estimating the price stickiness parameters

As mentioned before, as the main focus in this paper is to get an idea of the relative weight on domestic
and imported price inflation in the objective function of the central bank, we develop our estimation
method specific for that purpose. The structural equations that are estimated are the domestic price
setting equation (67) and the import price setting equation (68). As we use CPI inflation in the VAR, we
use the definition (69) to infer the response of domestic prices.

By concentrating the estimation approach on the pricing equations, our estimation approach is less
dependent on the specification of the whole model structure. Furthermore, by only considering the
impul se response functions for two identified shocks, the estimation procedure does not need any further
interpretations of the shocks that influence the price setting behaviour such as the productivity or
preference shocks that may appear in the domestic price setting equation, or foreign price shocks that
may appear in the imported price inflation equation.

Equations (67) to (69) show that in addition to the parameters that determine the stickiness of domestic

and imported prices({D <F YD .VF ), the inflation response will depend on the labour supply elasticity
(@), the intertemporal elasticity of substitution (o), the share of intermediate imports in production
(ay ), the share of imports in final consumption (ac) and the rate of time preference (3). Before
estimating the price parameters, we therefore first have to calibrate those parameters. Below we will then
examine the sensitivity of the stickiness parameters to these calibrations.

As in many other papers, we calibrate the rate of time preference to be equal to 0.99, which implies a 4
percent steady state real interest rate given the assumed quarterly frequency of the model. The share of
total importsin GDP (= ac +ay ?;ils calibrated to be approximately equal to its historical average for
the euro area, which is about 15%.“ In a recent paper, McCalum and Nelson (2001) have argued that
treating imports as intermediate inputs rather than final consumption goods improves the empirical fit (in
particular regarding the cross-correlations between the exchange rate and prices) of open economy
models. As we do not have input/output data that allow us to determine how much of the importsis used
as an intermediate good in production and how much is used for consumption, we take the assumption
that all imports are used in intermediate production as our benchmark (i.e. ac =0). Below it will turn
out that also using our methodology this appears to give the best fit. However, we aso examine the
sensitivity of the results to changes in this assumption.

For the intertemporal easticity of substitution, we assume log utility, which implies an elasticity of one.
This elagticity is close to the O@j estimated by Casares (2000) on euro area data on the basis of a
structural consumption equation.” The most difficult parameter to calibrate is the elasticity of labour
supply. It is well known that in models without sticky wages or other frictions that cause a ow and
gradual response of the marginal cost to output, the labour supply elasticity has to be quite small in order

2 Thisisalso close to the number that is obtained when we include this parameter in the estimation.

2 Casares (2001) estimates an inverse elasticity of substitution of 1.25.
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to match the variability of real wages and their correlation to changes in economic activity. Here, we
assume an elagticity of 0.25 which is in between the very low estimate that we obtained in a previous
paper (0.05) (Smets and Wouters, 2000) and the estimate obtained for the United States by Rotemberg
and Woodford (1997) (0.47). Again, below we will examine the sensitivity of our results to these
calibrations.

Given the calibrated parameters discussed above, we estimate the four price parameters by minimising
the distance between the impulse-response functions of consumer and import price inflation to a
monetary policy shock implied by equations (57) to (59) and their empirical impulse-response functions.
More formally, we follow Christiano et a (2001) in minimising the following distance function:

70 I(W)=[vec(@) - vec(c(w)]) wL[vec(é) - vec(c(w)]

where W = [fD e Vb y,:] is the vector of structural parameters to be estimated, ¢(W) is the

matrix of impulse responses of the monetary policy (exchange rate) shock generated by the structural
model for consumer and imported price inflation given the response of the driving variables (output, net
trade and the exchange rate) and the calibrated parameters, ¢ is the corresponding matrix of the
estimated empirical impuﬁ response functions and W is a weighting matrix with the variance of these

estimates on the diagonal .“" Twelve quarters of the impul se response functions are used in the estimation.

Table 1 reports the results for the monetary policy shock and the exchange rate shock separately under
the benchmark calibration of the other parameters discussed above. The implied impulse response
functions are shown in Graphs 1 and 2 (dashed lines), together with the empirical estimates. Table 2
provides a sensitivity analysis of the results with respect to different calibrations for the intertemporal
elagticity of substitution, the labour supply elasticity and the share of imported intermediate goods in
production.

A number of observations can be made. First, as can be seen from the third row in Graphs 1 and 2, the
model seems to be able to track the response of consumer and import price inflation quite well. The
theoretical responses expected on the basis of the behaviour of the driving factors (given by the dashed
lines) generally lie quite close to the empirical responses and fall well within the confidence band of the
empirical impulse response functions. The last row in Graphs 1 and 2 plot the domestic and foreign price
gap together with predicted domestic and import inflation. Clearly, the foreign price gap responds
quickly and strongly to both shocks reflecting the significant exchange rate response in both cases. In
contrast, the response of the domestic price gap is much slower, but more persistent reflecting the
persistent fall in outpuit.

2t f is normally distributed, J has a chi-squared distribution with N-m degrees of freedom with N the total number of

observations on the impulse-response functions (the number of elementsin VeC (ﬁ) ) and m the number of coefficients (the

number of elementsin W ): T*J(LP)=)(2(N -m) if \/?vec(c" -¢) o, N(O,W).
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Second, Table 1 shows that there seems to be considerable evidence of stickiness in both domestic and
import prices. More surprisingly, the degree of stickinessin import pricesisin most cases very similar to
that of domestic prices. In contrast, we do not find evidence in favour of strong indexation. While
inflation clearly responds in a very persistent way to both shocks, the persistence in the factors driving
those prices appears to be sufficient to explain that persistence. This evidence seems to be consistent
with recent findings of Gali and Gertler (1999) and Gali, Gertler and Lopez-Salido (2001). The latter
paper finds a very similar degree of price stickiness (with a Calvo parameter of 0.90) in area data,
when margina costs are assumed to be the same for al firms as we have assumed here.” Third, the
estimated degree of price stickiness depends to a considerable extent on which identified shock is used in
the estimation. Price stickiness is estimated to be much larger when a monetary policy shock is used
rather than the exchange rate shock. This points to a weakness of the methodology that_the reliability of
the estimates will depend on the reliability of the identification of the structural shocks.

Finally, regarding the sensitivity of these results with respect to the calibrated parameters, it appears from
Table 2 that the Calvo parameters turn out to be quite robust. In the case of the monetary policy shock
they vary between 0.85 and 0.94. In the case of the exchange rate shock, they vary between 0.69 and
0.87. Not surprisingly, it turns out that the larger sigma and omega, the higher the estimated degree of
stickiness. Moreover, increasing the share of imported goods that is used in consumption also has an
impact on the estimated degree of persistence. The higher the share in production, the smaller the
estimated degree of stickiness. In particular in response to an exchange rate shock, the model appears to
prefer a rather high share of imports in production. This result points to a more genera finding
highlighted by Huang and Liu (2001) that the combination of Calvo pricing and multi-stage production
can substantially increase the persistence of output and inflation in response to shocks.

In conclusion, the analysis in this section suggests three broad conclusions that are of interest for the
analysis of optimal monetary policy in the next section. First, there is evidence of considerable price
stickiness in import prices. This evidence is consistent with recent papers (Goldberg and Campa (2001),
Ghosh and Waoalf (2001)), that have documented the imperfect pass through of exchange rate changes into
domestic prices for many countries. Second, in general we find that the degree of price stickiness in
import pricesis very similar to that found in domestic prices, suggesting that differencesin the degree of
stickiness are not a dominant reason for putting different weights put on domestic versus import price
inflation in the central bank’sloss function. Finally, the degree of indexation to past inflation is relatively
limited. The calibration of the price parametersin Table 3 reflects these conclusions.

Table 3 also reports the calibrated values of the additional parameters that we have not yet discussed.
The probability of survival is calibrated to be 0.99. The substitution elasticity between domestic and
foreign goodsis calibrated to be 1.5. Thisis aso the parameter used by Gali and Monacelli (2000).

% Gali, Gertler and Lopez-Salido (2001) show that when one allows for upward-sloping marginal cost curves, the estimated

Calvo-parameters will be lower.

% The higher stickiness in import prices following the monetary policy shock could be related to the unanticipated character

and/or the more uncertain response of the exchange rate following this shock.
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Insert Table 3

Cdlibrated parameters

5. Optimal monetary policy

51 The flexible price economy

Before analysing optimal monetary policy in the calibrated model, it is useful to discuss briefly the
flexible price analogue of the open-economy model. This provides a useful benchmark for the analysis of
optimal monetary policy with sticky pricesin the next section.

Assuming that, according to the calibration of Section 4, there is no indexation and that the share of
imports in consumption is zero, the open economy model can be reduced to the following five equations:

(71) fipt= B t+1~¢D ((ISD,t_ PE.t) ~aiCi ~axCy +a3l7t)
(7 fry=Bar & (Pe &)

(73 &§=8.4+R-R

(78) G =-L1RR+Cu+
g

(75)  Arsr=(A+ ﬁﬁ)[aﬁa\((é:‘ét) (UO'Y 1= ](PDt PF'[)

_(Q-pBép)A-ép)lay tnway(1-ay) . . _(A-B¢p)A- 5F)
$p $F
_ wry(l-ay) | _(-ay)(o+a(l-ay)). _ (1+w)(l-ay))
ay +nway(L-ay)' 2 ay +nway(l-ay) O ay +nway(L-ay)

where &p =

When domestic and import prices are flexible, equations (71) and (72) need to be replaced by the
condition that prices equal margina cost:

5 _pf Af L A% o
(76) Pt Ry =G +aoC —azt
(77) I:)|: t et

where the superscript f denotes a flexible price outcome. Together with equations (73) to (75) this can be
used to solve for the flexible price equilibrium. The response of the flexible price economy to each of the
three structural shocks is discussed in the next section.

Page 26 of 47



In analogy with the analysis in Erceg, Henderson and Levin (2000), who focus on the trade off between
the stabilisation of price and wage inflation in a closed economy, one can easily see that, when either the
domestic goods or the import goods sector has flexible prices, the central bank can achieve the flexible
price equilibrium by targeting inflation in the sticky price sector. To see this, note that if the central bank
only targets the domestic inflation rate, it will be able to stabilise domestic prices perfectly by setting the
interest rate in such a way that domestic prices always equal marginal cost. In this case, equation (76)
will always hold. If imported prices are flexible, also equation (77) will hold, and as a result the flexible
price economy will be replicated. In this case, there is no conflict between domestic inflation stabilisation
and stabilising output, consumption or the terms of trade around their flexible price outcome. Similarly,
if domestic prices are flexible, then according to equation (64) it is optimal for the central bank to
stabilise import price inflation. The central bank can do so perfectly by setting the interest rate in such a
way that the import prices aways equal marginal cost (equation (77) holds). In the absence of foreign
price shocks, the central bank could achieve this by perfectly stabilising the nominal exchange rate. Also
in this case the central bank will replicate the flexible-price equilibrium.

These two extreme cases illustrate that when both domestic and import prices are sticky, there will be a
trade-off between stabilising domestic inflation by stabilising the domestic real marginal cost and
stabilising imported price inflation by stabilising the nominal exchange rate. In general, the flexible price
outcome can no longer be replicated. The reason is simple. Take, for example, the effect of a positive
productivity shock. In order to stabilise domestic inflation in the presence of sticky domestic prices, the
central bank will want to easy monetary policy so as to accommodate the rise in supply with a
depreciation of the exchange rate. Sticky import prices then have two consequences. First, movementsin
the exchange rate will create import price inflation and distortions in the imported goods sector. Second,
agiven change in the exchange rate will no longer have the same effects on the equilibrium outcome if it
only gradually leads to changes in imported goods prices. As a result the flexible price outcome is no
longer feasible. The exchange rate will have to fall by more to achieve the same effect on the domestic
gap and as aresult, the alocation of demand between domestic consumption and world demand will have
to be different. In the following section, we systematically compare the response of the flexible price
economy with the response when both domestic and import prices are sticky and the central bank aims at
stabilising inflation. Of course, in the previous discussion we have abstracted from the question whether
the flexible price outcome is Pareto-efficient. If this is not the case due to the presence of other
distortions (such as the monopolistic competition distortion or distortions arising from incomplete
markets), there may still be a trade-off between stabilising sticky prices and alleviating those distortions
even in the case where there is only one source of price stickiness.
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5.2 Theresponse of the economy under optimal monetary policies

In this Section we discuss the response of the economy to each of the three structural shocks under the
assumptign that the central bank can commit to a policy which maximises the loss function derived in
Section 3. Under the calibrated parameters this loss function simplifies to:

(78  L=Varmp,+—2Y Varm,

gy :
We systematically compare this outcome with the outcome under flexible prices and the outcome under a
commitment to domestic inflation targeting.” The first comparison allows us to analyse the emergence of
an output, consumption or terms-of-trade gap when both domestic and import prices are sticky. The latter
comparison gives us an idea of the empirical importance of the trade off between stabilising domestic
and imported price inflation in our calibrated model.

5.2.1 Theresponseto anegative productivity shock

Graph 4a plots the responses of the economy to a 1% positive productivity shock which decays with an
autoregressive coefficient of 0.9. As a result, productivity is close to baseline towards the end of the
simulation period (i.e. after 5 years). The responses in the flexible-price economy are qualitatively very
similar to the responses derived in the model of Gali and Monacelli (2000). A positive productivity shock
leads to an easing of monetary conditions as indicated by afall in the real interest rate of about 35 basis
points and a depreciation of the real exchange rate by about 100 basis points. This easing of monetary
conditions is necessary in order to increase both consumption and output in response to the positive
productivity shock. The real margina cost is stabilised. Reflecting the sharp depreciation, the rise in
output is stronger than that in consumption. As in Gali and Monacelli (2000), the real trade balance
improves in response to a positive productivity shock. Exports rise by more than imports, due to the
expenditure switching effects of the sharp depreciation of the terms of trade. However, real net foreign
assets fall asthe terms-of-trade effects dominate the net import effect.

When domestic and import prices are sticky, the response of the terms of trade is much more gradua and
hump-shaped as noted by Monacelli (1999). As aresult, output and consumption rise by less and exhibit
a hump-shaped behaviour. Price stickiness leads to a negative output and consumption gap in response to
apositive productivity shock. As aresult, domestic inflation falls by 12 basis points.

From the graph, it is clear that the central bank faces a trade off between falling domestic prices and
rising import prices. This prevents her from easing monetary policy too much. This trade off is also clear
from the comparison with the domestic inflation targeting case. In that case, the central bank eases policy
by more, which leads to a smaller output gap and a stronger depreciation. Domestic prices are much
better stabilised, but import prices rise by more. However, perfect stabilisation is not possible, because

27 In order to avoid extreme interest rate movements in the optimal policy case, we also introduce a small relative weight of
0.01 on the variance of the nomind interest rate.

% See Soederlind (1999) for a discussion of solution methods,
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the different policy mix between the interest rate and the exchange rate channel leads to a different
composition of demand. In particular, because the exchange rate channel works only gradually the easing
works primarily through the interest rate channel and domestic demand, rather than through net exports.
As aresult, net foreign assets fall by more. It is interesting to note that in contrast to the flexible price
outcome, a positive productivity shock leads to an initial deterioration of the real trade balance, because
the expenditure switching effects take time to materialise, while imports rise immediately with increased
domestic demand.

Insert Graph 4a
The response to a positive productivity shock.

5.2.2 Theresponseto apositive demand shock in therest of theworld

Graph 4b shows the response to a 1% positive shock in world demand. Because of the relatively small
share of domestic goods in world consumption, this has a relatively small impact on the domestic
economy. In this case, a similar trade off arises between stabilising domestic and imported price
inflation. With flexible prices, output, consumption and net exports rise in response to a positive foreign
demand shock. Monetary conditions tighten as the real exchange rate and the real interest rate increase.
The gradual, but persistent rise in consumption is underpinned by arisein net foreign assets.

With sticky domestic and import prices, the terms of trade can adjust only gradually to dampen therisein
foreign demand and as a result a positive output gap emerges, domestic inflation rises, while import price
inflation falls. Somewhat surprisingly, under the optima monetary policy, the nominal and real interest
rate initialy falls in response to a positive foreign demand shock, boosting domestic demand even more
than in the flexible price outcome. The reason appears to be that a tighter monetary policy would lead to
an even stronger real exchange rate appreciation and greater distortions in the imported goods sector.
Again, this trade off can be easily seen when comparing the optimal monetary policy outcome with the
domestic inflation targeting case. In the latter case, the central bank can by tightening monetary policy,
stabilise domestic prices quite effectively. As a result, consumption falls initially before rising in the
medium-term and the output gap is more than halved. However, the cost is that the foreign price gap is
larger and the fall inimported price inflation is greater.

Insert Graph 4b
The response to a positive foreign demand shock.

5.2.3 Theresponseto an exchangerate appreciation

Finally, Graph 4c shows the response of a 0.2% reduction of the risk premium, which results in a 1.5%
appreciation of the real exchange rate. In the flexible price economy, the appreciation of the exchange
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rate is counteracted by a drop in the domestic rea rate of about 12 basis points. The terms of trade
improvement has a positive effect on consumption, but a negative effect on net exports. Overall, the latter
dominates, so that output falls.

Again, with sticky domestic and import prices, the terms of trade responds much more gradually. As a
result net exports fall by much less, whereas consumption increases by more. The latter effect dominates,
so that a positive output gap emerges which leads to domestic price inflation. The main reason for this
surprising result is that with an elasticity of substitution of one, the consumption effects of a terms-of-
trade improvement dominate the direct negative effects on the marginal cost. If the central bank only
cares about domestic inflation stabilisation, it pursue a relatively tighter monetary policy, thereby
considerably reducing the consumption boom and stabilising domestic inflation.

Insert Graph 6¢
Theresponseto afall in the exchange rate risk premium.

Overall, these impulse responses show that the introduction of sticky import prices has two important
effects. First, it makes the achievement of the flexible price outcome infeasible, even if the central bank
only cares about domestic inflation stabilisation. The reason is that imperfect exchange rate pass-through
makes the exchange rate channel less effective. As a result more of the adjustment needs to be born by
the domestic interest rate channel which primarily affects domestic demand. Second, stickiness in import
prices gives arationale for stabilising those prices and implicitly the exchange rate. This creates a trade-
off between domestic and imported price inflation in response to all shocks that affect the exchange rate.
Indeed, we find that the exchange responds stronger to each of the shocks when the central bank only
cares about domestic inflation stabilisation. These differences would be even clearer in a more open
economy for which the distortions in the import sector are relatively more important or if the degree of
price stickiness turned out to be stronger in the import sector.

Whether imperfect pass-through increases or reduces exchange rate volatility compared to the flexible
price economy is ambiguous and will depend on the type of shocks that hit the economy. In the case of
the three shocks we considered in this paper, there are two offsetting effects. On the one hand, imperfect
pass-through reduces the effectiveness of the exchange rate channel and thereby increases the need for
larger exchange rate movements to stabilise the economy. This is the effect emphasised by Adolfson
(2001). On the other hand, in the presence of imperfect pass-through, changes in the exchange rate carry
acost due to the relative price variability it creates in the import sector. This will reduce the incentive for
the central bank to actively use the exchange rate channel.

5.3 Commitment versusdiscretion

The optimal policy response discussed in Section 5.2 was derived under the assumption that the central
bank could commit to future policy actions. With such commitment, monetary policy can manipulate the
future path of the exchange rate by changing the expected profile of the short-term real interest rates.
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Given that import price setters are forward looking, but can adjust their prices only gradually over time,
the gap between the average import price and the exchange rate and therefore also the dispersion between
import prices, can be diminished if the necessary exchange rate movement can be spread over time. In
that case, price setters can gradually incorporate the exchange rate movement in the new prices. Under
commitment, the necessary exchange rate adjustments can therefore take place at alower cost in terms of
price dispersion. This shifts the trade-off problem between the domestic price gap and import price gap
in favour of domestic price stabilisation as the relative cost in terms of import price dispersion can be
better managed through gradual exchange rate adjustments.

Under discretion, monetary policy does not have the same flexibility to control the exchange rate
adjustment path as it cannot commit itself to future interest rate changes. Indeed, monetary policy will
deviate from the commitment path if it is allowed to re-optimise its behaviour at any period in a time
consistent way.

Graphs 5a, b and ¢ compare the response of the economy to each of the shocks under commitment and
discretion. The last row in these graphs shows the two gaps that drive the domestic and imported price
inflation process under commitment and discretion. Focusing on the productivity shock (Graph 5a), it is
clear that under commitment the central bank postpones the easing of monetary policy with about a year
compared to the discretionary policy. Doing so, the central bank can engineer a hump-shaped exchange
rate response which follows closer the adjustment path of import prices. However, it is unlikely that such
a high degree of control of the central bank over expectations is feasible in practice. In fact by first
increasing the short rate, the yield slope drives a gradual further appreciation so that the maximum
appreciation is postponed which gives price-setters the opportunity to better anticipate the price
adjustments over time. Without a commitment to future interest rate movements, such a path is not
feasible. Therefore under discretion, the interest rate has to decrease immediately and the appreciation
will realise instantaneously after which it returns gradually.

6. Conclusions

In this paper we have analysed the implications of imperfect exchange rate pass-through for optimal
monetary policy in a completely micro-founded open economy model in which foreign interest rates,
prices and output are assumed to be exogenous. The model used may be of interest by itself, as in
contrast to many of the existing open economy models, it has awell-defined steady state and incorporates
anon-trivial role for the current account and net foreign asset accumulation. The empirical evidence on
gradual exchange rate pass-through into import prices, is captured by assuming Calvo-type staggered
price setting in the imported goods sector, similar to that in the domestic goods sector. Using euro area
data, we show that import prices appear to exhibit the same degree of price stickiness as domestic prices.
As discussed in the introduction, a number of papers have recently examined monetary policy behaviour
with incomplete exchange rate pass-through and have noted that imperfect pass-through reduces the
effectiveness of the exchange rate channel. However, none of these papers have derived the policy
implications of the welfare costs that arise because of staggered import price setting. We show that the
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minimisation of those costs introduces a motive for exchange rate stabilisation in the central bank’s loss
function. Similar to the analysis in Benigno (1999), the weight on the stabilisation of imported price
inflation depends on the degree of openness and the relative degree of price stickiness in the imported
goods sector. This cost of exchange rate variability will provide a counterweight to attempts by the
central bank to engineer larger exchange rate movements in order to overcome the ineffectiveness of the
exchange rate channel.

In the light of the central bank’s loss function that we derived, it would be interesting to examine how
simple policy rules perform in the presence of imperfect exchange rate pass-through. Another interesting
issue is to see what the net effect is of imperfect pass-through on exchange rate volatility. For those
guestions we need to calibrate the processes driving each of the structural shocks. We leave that for
future research.
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Tablel

Estimation results of the price stickiness parameters

sigma = 1, omega = 0.25, share of intermediate inputs = 1.0

Monetary policy shock : min function value = 3.26 (prob = 0.99)®

estimate
1-domestic Calvo probabiblity 0.90
1-import Calvo probabiblity 0.90
domestic price indexation 0.00
import price indexation 0.45

Exchange rate shock : min function value = 14.00 (prob = 0.78)"*

estimate
1-domestic Calvo probabiblity 0.72
1-import Calvo probabiblity 0.73
domestic price indexation 0.00
import price indexation 0.03

@ Corresponding to a Chi-Square Distribution with (22-3) d..

@ standard errors are calculated as the square root of the diagonal elements of the inverted Hessian matrix

resulting from the optimisation of the objective function

st error @

0.01

0.03

0.37

st error

0.01

0.02

0.09
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Table2

Sensitivity analysis for the price stickiness parameters

Monetary policy Shock

Import goods treated as final consumption goods

sigma 0.25

omega 0.25 2 0.25 2

domestic price

[1-calvo probability , degree of indexation] [0.87, 0.42] [0.93, 0.34] [0.92, 0.34] [0.94, 0.33]

import price

[1-calvo probability , degree of indexation] [0.90, 0.37] [0.90, 0.37] [0.90, 0.36] [0.90, 0.37]

minimized function value 2.86 2.66 2.77 2.68

Import goods treated as intermediate input goods

sigma 0.25

omega 0.25 2 0.25 2

domestic price

[1-calvo probability , degree of indexation] [0.85, 0.01] [0.92, 0.00] [0.90, 0.01] [0.93, 0.04]

import price

[1-calvo probability , degree of indexation] [0.90, 0.44] [0.90, 0.46] [0.90, 0.45] [0.90, 0.46]

minimized function value 2.92 3.18 3.27 33
Exchange rate Shock

Import goods treated as final consumption goods

sigma 0.25

omega 0.25 2 0.25 2

domestic price

[1-calvo probability , degree of indexation] [0.79, 1.00] [0.86, 1.00] [0.82, 1.00] [0.87, 1.00]

import price

[1-calvo probability , degree of indexation] [0.80, 0.39] [0.78, 0.29] [0.81, 0.41] [0.78, 0.32]

minimized function value 36.77 24.38 44.41 30.15

Import goods treated as intermediate input goods

sigma 0.25

omega 0.25 2 0.25 2

domestic price

[1-calvo probability , degree of indexation] [0.69, 0.01] [0.78, 0.00] [0.72, 0.00] [0.80, 0.00]

import price [0.73, 0.01] [0.73, 0.00] [0.73, 0.00] [0.73, 0.02]

[1-calvo probability , degree of indexation]

minimized function value 6.94 10.72 14.05 17.48
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Table3

Benchmark parameter values

&o
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Graph 4b
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Graph 4c
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Graph 5b

EEETE
Dpiimal sastary pelicy spder loss fseciias jcossitessn . veress discreties 0

- -t - O ]
B
L] = ]
sl
BH v
i ‘H""m ]
"‘-\.\_\_H_\\h ]
wal X
EX
L H
TTOFEEEP Y FETHBEEE YRR 11 F F B E A RRBNIDSHAENEER
[y LR T
el LR
an ——
& [F]
-
£ am
i
- s
]
- 1'"“-—______ am
w4
= [
A4 0 i 8 @ 3 H A @G WA E D WA N R I N E T T
RLE T TE LS
== LE}
- W
. ",.-—-—-__1 I_,.-""-.-'_
- a3 _——
= Lo
<= T
w4
i [T
o L]
TI114FETEAENUNMEARNTAAR TI 1A YT R R RN pPEGETE AR
e
it [l
ux‘x‘ =
- i
= - .
=] \H\.\,
= M"\-\_\_\_ o
i —— -
M an
o &H
513148 8T A ENTOHEEDHER T 131488 A ENTOHEHED HEA R
A R gy e ] M mir g e i -
. - - b - e _l__l_.‘ﬁ.u.#'.'w-u.l
- + fee A mmrrAliAssssasas
L] B LT =
W
- [l
L] -
. = ""'\-\.\_\_\_\_\_
L] “
AT —_ o P —
am =1
TI T EEFAARNIEEEANT HIER 1134 ®TFEEENTIEERITESE

Page 46 of 47



Graph 5¢

FITHAHIE BRETE BEHarR
dprimsl mspsiary prlicy amdsr loss feeciias jcommitesst — eEreaw discretios 1

- e . R
in
LE ]
[}
[}
nt
L1
" i L ——
am R ——
i — —
L]
1 331488 T FBHNIEMEEETERD 1% 3 4 B & T B B W WO I E D S
i
¥ WF LR R
am ik
= w
A
=
am __'_'_,_,.,--"
o - L]
g =
T 1]
A
Rl ad i pR uaE A g R A L R R R
L]
]
(]
1
L
a1
amd A
LH 4
s
T O T I PR T PR T LT T T R EE R R E N EE YT
3 e
B
(158
1
LE]
T—— —
—
= HH""-\—\_,—:—_,_,—'—"'_'_
&l
P8 B b 4 B T B B B W ORE I 06 B OWE T BE 1B O3 1% 3 8 B B 7 @ B WM I3 HHE D HIEE
1 e T R 1] phoryar e dr= e
P i B e ) - P e B - el )
il TE.l
T -
& T ST T T T
L
art
'
a
ik

I 334 FFEF# FHENMTOIFHEHARIFrTA D

1 1 F &8 & TFr 8 FHAOWUEHHTHIFER

Page 47 of 47



	Abstract
	Introduction
	An open-economy model with sticky domestic and imported goods prices
	Consumption and labour supply decisions
	The households’ consumption and labour supply decisions
	Aggregation
	The demand for domestic and imported goods

	Production and price-setting decisions
	Firms producing domestic goods
	Firms importing foreign goods

	The steady-state analysis
	The linearised open-economy model

	The central bank´s loss function
	Empirical calibration of the open-economy model
	4.1.	A VAR model estimated on synthetic euro area data
	4.2.	Estimating the price stickiness parameters

	Optimal monetary policy
	The flexible price economy
	The response of the economy under optimal monetary policies
	The response to a negative productivity shock
	The response to a positive demand shock in the rest of the world
	The response to an exchange rate appreciation

	Commitment versus discretion

	Conclusions
	References

