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Abstr act

The central bank’s optima reaction to foreign and domestic shocks is andyzed in an inflation
targeting model alowing for incomplete exchange rate pass-through. Limited pass-through is
incorporated through nominal rigidities in an aggregate supply-aggregate demand model derived from
some microfoundations. Three main results are obtained. First, the results suggest that the interest rate
response to foreign shocks is smaler when passthrough is low. Second, the inflation—output
variability trade-off becomes more favourable as pass-through decreases. Third, lower pass-through,
that is larger nomina rigidity, leads to higher exchange rate volatility. With exogenous nominal price
dtickiness, part of the required relative price adjustment is provided through larger movements in the
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1 Introduction

In order for a centra bank to conduct monetary policy efficiently, and to respond adequately to
different shocks, it is absolutely essential to understand the workings of the economy and the
transmission mechanisms of monetary policy. In a small open economy, the exchange rate implies an
additional transmission channel for monetary policy apart from the standard aggregate demand
channel. Consumer price (CPI) inflation is affected directly by changes in the exchange rate through
the effect on import prices. Inflation is aso affected indirectly through aggregate demand. Exchange
rate changes typically affect the relative price between domestic and foreign goods, thereby
influencing aggregate demand. Aggregate demand in turn affects inflation through the aggregate
supply (or Phillips curve) relation. In an open economy, inflation is thus greatly influenced by how its

determinants adjust to exchange rate movements.

Prior work on open economy inflation targeting models has predominantly included open economy
aspects by incorporating a foreign good, and thereby the real exchange rate, based on the assumption
of a complete and immediate effect of exchange rate movements on import prices (see eg. Gali and
Monacelli (1999), McCallum and Nelson (1999), and Svensson (2000))." However, the empirical
evidence for, large and small, open economies seems to suggest that there are systematic deviations
from the law of one price, and that the exchange rate pass-through is incomplete both for export and
import prices (see e.g. Adolfson (2001), Alexius and Vredin (1999), and Naug and Nymoen (1996)).

Consder a foreign firm sdlling goods to the domestic market and setting its price in the domestic
(buyer’s) currency. If prices denoted in domestic currency are sticky, as a consequence of firms facing
costs of changing prices, the domestic currency (import) price will not be fully atered even if
exchange rate changes affect margina cost. This implies that import prices do not move immediately
and in a one-to-one relation with the exchange rate (i.e. incomplete exchange rate pass-through).”
Nominal rigidities thus imply that exchange rate movements have a minor immediate effect on
consumer price inflation. In addition, nominal rigidities imply that expectations about future exchange
rates as well as expectations about future inflation are important for the inflation—output relation.

Given that the exchange rate pass-through is allowed to be incomplete, the effect of exchange rate
movements on CPI inflation is expected to be more limited in the short run but prolonged. In this case,

1 An exception is Monacelli (1999) who permitslocal importers to price discriminate, thereby allowing an incomplete pass-
through. Leitemo (2000) obtains a limited and gradual pass-through via an error correction mechanism for the import prices,
making them adjust sluggishly to exchange rate fluctuations. Also Batini and Haldane (1999), and Bharucha and Kent (1998)
alow for alimited pass-through but only as sensitivity checks to their full-pass through models.

2 A related cause for incomplete exchange rate pass-through is pricing to market, which implies deliberate price
discrimination, where the destination specific markup may be adjusted to absorb part of an exchange rate movement. This
does, however, require either a specific functional form of the demand curve (i.e. less convex than the constant elasticity
case) or strategic pricing, which is not analyzed in this paper.



a pass-through adjusted aggregate supply relation will perhaps imply a different optimal monetary
policy response to a shock, compared to a full pass-through Phillips curve. Monacdlli’s (1999) results
suggest that the performance of monetary policy (in terms of inflation stabilization) can be improved
by a smple instrument rule including a direct feedback from the nomina exchange rate (compared to
arule where the interest rate reacts solely to inflation and output). An explicit interest rate response to
changes in the exchange rate reduces the volatility of inflation because of the direct control of the

exchange rate channel feeding into inflation.

The purpose of this paper is to examine the monetary policy implications of allowing an incomplete
pass-through in an inflation targeting framework. The optimal policy responses to both domestic and
foreign shocks are analyzed under various assumptions about the degree of pass-through. The optimal
policy reaction is directly derived from the central bank’s loss function, in contrast to a Taylor rule
(i.e. a smple instrumenta rule linking the nominal interest to, for example, inflation and output).
Moreover, the concept of exchange rate pass-through is studied in detail. A microfounded small open
economy aggregate supply—aggregate demand model, adjusted for incomplete (and gradual) exchange
rate pass-through, is derived and used in the analysis. The paper deals with questions such as; is the
optimal policy response dependent on the degree of pass-through? How is the trade-off between
inflation and output variability affected by the degree of pass-through? Further, how is the degree of
pass-through and exchange rate volatility related?

Three main results are obtained in the paper. Firdt, the results show how the monetary policy response,
to both foreign and domestic shocks, depends on the degree of pass-through. In contrast to the
complete pass-through case, the exchange rate channel has less impact when pass-through is low,
which for example implies that foreign shocks require smaler interest rate adjustments. Second,
incomplete pass-through implies less conflict between inflation and output variability because of the
lower exposure to, exogenous as well as policy induced, exchange rate fluctuations. This moves the
trade-off frontier closer to the origin as pass-through decreases. Third, the results suggest that the
volatility of the nomina exchange rate increases as pass-through decreases. A low pass-through is, in
this model, induced by a large exogenous import price stickiness, which in turn implies that prices can
not costlessly absorb a country specific shock. The required relative price adjustment is therefore
generated through larger movements in the endogenoudy determined exchange rate. Lastly, the
exchange rate pass-through is, in turn, varying with the degree of shock persistence. Transitory
movements influence expectations about future prices and exchange rates less, and accordingly yield

lower pass-through.

In Section 2 the aggregate supply—aggregate demand model, adjusted for incomplete pass-through, is
derived and parameterized, and the centra bank’s loss function is set up. Section 3 contains the



optimal policy responses, and its implications, to various foreign and domestic shocks under different
degrees of pass-through. Conclusions are provided in Section 4.

2 Themodd

The theoretical specification is a forward-looking aggregate supply—aggregate demand model
modified to alow for incomplete exchange rate pass-through. To determine the effect of incomplete
pass-through in this small open economy, the commodity market is primarily considered. Supply and
demand relations are explicitly derived from the agents optimization problems. A loca currency
pricing framework is considered, along the lines of for example Betts and Devereux (2000), where the
elasticity of demand is assumed to be constant (and thus independent of the exchange rate, the
competitors prices and other underlying conditions of competition).® Markets are segmented such that
different prices can be charged in different markets. However, the constant elastic demand implies that
there will not be any ‘genuine pricing to market, or deliberate price discrimination, in terms of a
varying markup that responds to exchange rate changes (see Bergin and Feenstra (1999)). Incomplete
pass-through occurs in this paper due to nominal rigidities, arising from convex costs of adjusting
prices (Rotemberg (1982)), and there are no long-run deviations from the law of one price’

21 Agoregatesupply

Consider an open economy with consumption of two different types of goods; domestic C,°) and
foreign import goods (C") supplied by domestic and foreign producers, respectively. The domestic
economy is assumed to be small such that conditions in the rest of the world (the foreign economy) are
exogenoudy given. The producers sell their goods in both the domestic and foreign markets. The
foreign market outcome is however not explicitly modeled why the setting, in al its essentials, is a one
market—two goods framework.

The two product categories are imperfect substitutes, thus rendering the domestic and foreign
producers some market power when setting their prices (i.e. each representative producer supplies a

differentiated product il {D , M}). However, because of physical costs of changing the price (menu

% Note that Friberg (1998) shows that a sufficient condition for an exporter to set price in the local currency under uncertainty
isthat demand is not too convex in the local currency price (i.e. less convex than the constant elasticity case). Most studies
nevertheless disregard this problem and assume alocal currency pricing framework in combination with the constant elastic
substitution function (CES) for convenience reasons (see e.g. Betts and Devereux (2000), Devereux and Engel (1998),
Monacelli (1999), and Tille (1998)).

4 The term pricing to market has been commonly used also in such a setting, somewhat misleadingly since that framework
only produces an exchange rate driven price discrimination in the presence of nominal rigidities. On the other hand, different
degrees of nominal price stickiness across destination markets do imply deviations from the law of one price (aswell as
inducing different degrees of pass-through). Once the producers are free to adjust their prices, the law of one price will
though be re-established. For a discussion of these matters, and a survey of recent research on open economy dynamic
genera equilibrium models, see Lane (1999).



costs) and the producers concern for a stable price path (reputation), due to imperfectly informed
consumers and brand-switching costs in the domestic market, there is a negative effect of changing
domestic currency prices. It is assumed that these costs of adjusting the price are quadratic.’ The
notation throughout the paper is as follows, lower case letters represent logarithmic values, a hat
denotes flexible prices (i.e. prices charged in the absence of adjustment costs), a superindex denotes
whether it is domestic or imported goods that are considered, and variables belonging to the foreign
market are represented by an asterisk. An asterisk thus labels a price denoted in foreign currency. The
monopolistic producers minimize the cost of being away from the optimal price chosen in the absence
of adjustment costs:®

¥ o . ) . . N .
(l) { rlnrl Eté. b Sgphs - F’5t|+s)2 *0; (p|t+s - pt|+s- 1)25 il {D' M} !
Pt+sfs=0 =0

where E; denotes the rational expectations as of period t, b is a discount factor, and p; is the price

(denoted in the buyer’ s currency) of good i while p} is the equilibrium price charged in the absence of
adjustment costs. g is a parameter measuring the ratio of costs of changing the price to costs of being
away from the equilibrium price, such that g equa to zero implies a fully flexible environment. The

first order condition yields

i i 1 i
(2) P: = b Etpt+1 +g_-(pt - Py ),

where p! = p! - p;., denotes domestic currency inflation of good i. This specification, with convex
costs of adjustment, will thus lead to gradua changesin the individua (and aggregate) prices implying
that the producers dter the price charged in this (and every) period, in the direction of the expected
optimal price in future periods.’

5 The specific adjustment-cost technology is not modelled explicitly, why these costs can arise in any currency. That the price
stickiness occurs in the currency of the buyer is however a necessary assumption for obtaining an incomplete pass-through.
8 Thisisthe dual problem of maximizing the present discounted profits in the absence of adjustment costs, subtracting the
cost of deviating from this equilibrium price and subtracting the cost of changing prices:
¥ e N
o . s A i A2 j i 2U,
m¥Etabg°(p )-(p, - B, ) -g(p, -, )

{p', 0 t+s t+s t+s t+s-1 g
+sls=0 s=
In reality the adjustment costs (g, ) are presumably endogenously related to, for example, the functional form of the demand

curve, and the rate of inflation. However, the adjustment costs are assumed to be constant to make the equilibrium tractable.
For the underlying structure to the approximation of the producer’ s optimization problem, see Rotemberg (1982).

" The purpose of the nominal rigidities in this paper, apart from incorporating an incompl ete exchange rate pass-through, isto
introduce forward-looking behaviour in the aggregate supply relation. Using the Calvo (1983) formulation (see e.g.

Monacelli (1999) and Svensson (2000)) renders staggeredness in the individual prices, in contrast to Rotemberg (1982). The
two formulations though yield a similar behaviour, or path, of aggregate prices (Roberts (1995)). Besides, the Calvo



211 Imported products

The import good's price charged in the domestic market is here established in two steps. Firdt, the
flexible import price, in the absence of any nominad rigidities, is determined. Secondly, this flexible
price is combined with the adjustment costs the foreign producer is actualy facing, and accordingly
the optimal ‘sticky’ import price is resolved.

The imported foreign product’s equilibrium flexible price (pM) is, by assumption, the price charged
by a profit maximizing foreign firm, in an imperfectly competitive framework, setting the price in the
buyer's currency. The consumers aggregate demand follows a constant elasticity of substitution
(CES) function (see Appendix A), such that the foreign producer sets his price as a constant markup
over margina cost (which is assumed to be equal across the producer’s two different destination
markets). The foreign producer faces the following optimization problem in a flexible price
environment:®

max. R'CM +RMEC! - Hy (€ +C RT)E

RM pM
® M
* ap™ o P [0} .
st cM+cM =k, &~ C +¢—L— C,
R g gR 5

where PM (denoted in domestic currency) and PM* (denoted in foreign currency) are the prices
charged in the domestic and foreign markets, respectively. G is the demand for the foreign good in
the domestic market, and CM" is the demand for the foreign good in the foreign market. E; is the
exchange rate (domestic currency per unit of foreign currency), Hy, is the foreign producer’s total cost

function, and R*" isthe price of inputs (denoted in foreign currency). ky is the domestic import share
of consumption, h isthe (positive) constant price elasticity of demand, I5t is the aggregate price index

in the domestic market, and C; is the aggregate domestic consumption (a star denotes the foreign
market counterparts). The foreign economy is large in the respect that the foreign import share is
assumed to be negligible in the foreign aggregate price index. This implies that the world market price

for domestic import goods is equa to the foreign aggregate price level (I5t'v'* = I5t* ). The producer’s

profit maximization yields the following first order condition with respect to the price charged in the
domestic market:

representation has an exogenously given price adjustment-probability, which is fixed and independent of both the size of the
deviation from the equilibrium flex price and the size of for example an exchange rate shock.

8 Whether the producer maximizes profitsin his own currency, or in the buyers’ currency, does not affect the first order
conditions, given the constant elastic demand.
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where MC'(.)denotes foreign currency margina cost, and h, the price elasticity of demand,

determines the constant markup. The producer’s equilibrium price in the domestic market is smply

the price charged in the foreign market ( Ist*) corrected for the exchange rate (E;), which in logarithms

can beexpressed as ' = P +e€, (Where p, captures the marginal cost (denoted in foreign currency)
and the constant markup). Given that the foreign producer faces identical demand eadticities across
the two destinations he is selling to, there are no incentives for the exporter to deviate from the law of
one price (i.e. no deliberate price discrimination) although markets are segmented. This implies that
prices (denoted in the producer’s own currency), in a flexible price setting, would be the same in both
markets, and maintained equal irrespectively of any exchange rate changes’ The markup is constant,
which in this case would imply that any exchange rate movement is completely reflected in the loca
currency price, that is a complete pass-through. Hence, with entirely flexible prices, the long run
inflation rate of import goods would be the imported foreign inflation rate corrected for changesin the

nominal exchange rate, pM =p, +(e, - e_,). However, due to nomina rigidities in the domestic

market, there may be short run deviations from the full pass-through equilibrium price, and deviations
from the law of one price could occur.

The foreign producer faces price adjustment costs in the domestic market, such that the price actualy
charged differs from the price that would prevail in aflexible price setting (i.e. pM * pM).* Inserting
the equilibrium price (p = p; +e,) into the adjustment cost minimization in equation (2) yields the

following relation:

1 ~ %k
G pM=b Etpt“ﬂﬁg—(pt +g - DIM),

M

where pM = pM - pY, denotes domestic currency inflation of import goods. The present price
change of imports is dependent on the expectation about future import price changes, and the
contemporaneous difference between the foreign producer’s equilibrium price (in the absence of price

rigidities) and the price actualy charged. Exchange rate movements will, due to the costly price

9 Anidentical foreign currency price across destinations could also arise if the product is homogenous without any
possihilities for price discrimination, such that the world market priceis taken as given.

1% For simplicity, the price setting in the foreign market is assumed to be completely flexible (i.e. p: = p: ). Theforeign
producer isthus, in contrast to the domestic market, able to charge the equilibrium flex price there.



adjustment, create a wedge between the price charged in the domestic market (p") and the price

charged in the foreign market (p, ). Consequently, the last term captures deviations from the law of
one price. The degree of pass-through is highly dependent on gy (i.e. the ratio of costs of changing the
price to costs of staying away from the equilibrium price). As gy increases, i.e. a greater nominal
rigidity, pass-through decreases. Price discrimination is thus generated by these nomind rigidities. In
this framework price stickiness can render price differentials across destinations, and deviations from
the law of one price, both ex ante and ex post an exchange rate change, depending on whether the
change is expected to be permanent or transitory, or is entirely unexpected.™

212 Domestically produced products

Now consider the domestically produced goods sold in the domestic and foreign markets. Given the
constant markup, implied by the CES function, the exchange rate will affect the price charged in the
domestic market only through its effect on the domestic producer’s margina codts (i.e. viaits effect on
imported intermediate inputs). The domestic producer faces an optimization problem equivaent to the
foreign producer’s (see also equation (A8) in Appendix A), which yields a standard monopolist’s first
order condition with respect to the price charged in the domestic market:

~p &h 0
) F’tD=ngMC(\G,F’tZ),

where h is the (positive) constant price elasticity of demand and the elasticity of substitution between

domestic and foreign goods. MC(.) is margind cost, Y, =CP° +C"" is the demand for domestic

products (domestic and foreign demand), and R“is the price of inputs (denoted in the domestic

currency). There are decreasing returns to scae such that the cost function is convex in quantity
produced. Furthermore, margina costs are aso affected by exchange rate movements, via their effect
on the price of imported inputs.

The price of domestic products on the foreign market will just be the price on the domestic market
corrected for the exchange rate (R =PRP/E,), given identicadl demand elasticities (ee equation

1 The producer sets his price based on exchange rate expectations, due to the quadratic adjustment costs, which can be seen
explicitly by solving equation (5) forward (following Rotemberg (1982)):

O ¥ Ak
p =rply +JJ(rng b )Et a 5:0(1/ rz)s(pus + et+s)v
wherer, and r, are the stable and unstable roots, respectively.



(A8) in Appendix A). For simplicity, the domestic producer is thus assumed to follow the law of one
price such that thereis a full pass-through to her export market.*?

Taking logarithms of equation (6), and using a first order Taylor approximation around steady-state,
yields the following expression for the equilibrium flexible price:

(7) ﬁtD :Xth"'sztz,

where y; is total demand for domestically produced goods, and x, is a constant measuring how

margina cost is affected by variable X in steady-state. Recognizing that the input price partly consists
of imported products as well as domestically produced goods (see equation A7), it evolves according
to p” = (1-kw) p° + kw p", where p?° is the price of domestically produced goods, p;* is the price of
imported products (denoted in the buyer's currency), and ky is the share of imported inputs.
Furthermore, assume for smplicity that the input prices enter multiplicatively in the cost function (i.e.

X ,=1). Assuming that the domestic producers aso face quadratic price adjustment costs, equation (2)
holds. Using the above, and inserting (7) into equation (2), yields

1
® pP=b Etpt'31+g—(xyyt +ky (P - pP))+e{’ :

D

where inflation of domestically produced goods (p ) responds positively to both aggregate output
and the relative price of imports (p - pP), the latter which can be interpreted as a direct rea

exchange rate effect on domestic inflation. ** Recall, however, that the foreign price (pM ) is subject to
a limited pass-through, via the nomina rigidities in the foreign producer’s optimization problem so
that pM * P, +e in the short run. As mentioned above, an increase in the price of import goods,
induced by an exchange rate depreciation, feeds back into domestic prices directly through the
marginal cost (originating in intermediate foreign inputs) but also indirectly through the effect of

relative price changes on aggregate demand. In addition, expectations about future inflation will be
modified when the exchange rate changes. An explicit shock to domestic inflation, e,°, has been added

as an iid zero mean disturbance. This supply shock enters through shocks to the marginal cost, and

consists of a productivity disturbance or a cost push shock (e.g. in terms of wages).

12 Differing rates of nominal price stickiness across the domestic producer’ s two marketswould, analogous to the foreign
producer, render an incomplete exchange rate pass-through also in domestic exports. It is straightforward to extend the model
to alow for this.

1% See e.g. Hallsten (1999) for empirical evidence, where both the output gap and the real exchange rate enters positively in
the supply relation, however with alag.



The foreign and domestic producers may face different costs of changing their prices such that g, * gy,
for example originating in some bias for one good over the other. Differing nominal price stickiness
implies that the effect of an exchange rate movement on the relative price between foreign and
domestic goods could be even stronger. Hence, this could possibly render consequences for the
optimal policy as well as the inflation—output variability trade-off (see e.g. Walsh (1999)). Moreover,
the exposure to the transmission channels of monetary policy differs between the domestic and foreign
producers. In the model used in this paper, domestic inflation responds to interest rate changes through
the aggregate demand channel and (to some degree) through the exchange rate channel, while inflation
of imported products only responds to exchange rate changes (see equations (8) and (5),
respectively).'*

Total, or CPI, inflation is by assumption composed of a convex combination of domestic inflation
(p?) and import goods inflation (pM ), following p, = (- k,, )p. +k,p", wherek ,, denotesthe
import share of aggregate consumption. This is an approximation motivated by the underlying CES

function, and a log-linearization of the corresponding aggregate price index (see Appendix A).
Combining equation (5) and (8) yields

(9) pt =b Etpt+1+aYyt +aw(ptM - ptD)+aM(f)t* +et - ptM)"'(l' kM)e? ’

where ay =(1- k)X, /dp, ay =@- ky )ky /9p, ad a, =k,, /g, . Note that e” only captures
disturbances specific to the domestic market that do not originate in shocks to the inflation of import
goods. The underlying foreign inflation shock, and disturbances to the exchange rate, will however

feed into the aggregate supply relation implicitly, through the variables p, and e, respectively.

The short-run deviations from the law of one price, captured in the last term (p, +¢e, - p" ), is the

major difference between the aggregate supply relation in equation (9) and a standard open economy
supply relation (see e.g. Svensson (2000)). As a result exchange rate movements have an incomplete
pass-through effect on total inflation. *°

4 |In the case of a‘genuing’ pricing to market model, where the markup endogenously responds to exchange rate movements,
there would be an effect of aggregate demand also on the price of imports (see e.g. Naug and Nymoen (1996)).
5 A complete pass-through supply relation is retrieved by assuming afully flexible environment, gy = 0, such that
pt'VI = [f)t +¢, holdsalso in the short run, which implies that the last term in equation (9) would disappear. In addition, the

last term seemingly vanishesif the domestic currency inflation of import goods does not contribute directly to total (CPI)
inflation (i.e. kyy = 0). However, if import goods enter domestic production as intermediate inputs (ky, > 0), the price of
imports, which is subject to alimited pass-though, affects marginal costs and consequently also domestic inflation. The
difference between the equilibrium price and the price actually charged (i.e. f)t +e - pt'v' ) isstill fundamental for the
foreign producer’ s price setting (see equation (5)), why the corresponding aggregate supply curve accordingly must be
different from afull pass-through relation.

10



2.2 Aggregate demand

Aggregate domestic consumption (c,) consists of consumption of domestically produced goods (c;°)
and consumption of imported goods (c;") following a CES function (see equation (A1) in Appendix
A). From the CES function follows that the domestic consumption of domestic goods must be given
by (see also equation (A3) in Appendix A)

(10) CtD :Ct - h(ptD - pt) :Ct +hkM (ptM - ptD)1

using p, = (1- k,,)p> +k,, p (which is alog-linearization of equation (A2) in Appendix A).

The representative domestic consumer’s intertemporal utility function is assumed to take the fornt®

1-L
s

mex ta bU(C,.CMY) = Eta bs—(c“;) -
(11) {Ct+s'a+s'E!+s}¥s=0 s=0 s
1 1 *
st RPC, + B, + " BE=P(Y,P )+B,_,+B,. )
t=t 1+1, t L+ 1] )(1+f ) t =t tr 't t-1 15

where C; is the CES aggregate of consumption of domestic and imported goods. s is the constant
intertemporal elasticity of substitution, B; denotes (end of period t) bond holdings denominated in
domestic currency units, and I, isthe nomina domestic interest rate implying that 1/(1+ I,) is the price
of a domestic bond. B, represents (the domestic consumers') foreign currency bond holdings, which
are sold to a risk-adjusted price, V[(1+ 1,)(1+f )], where f, is a risk premium that will reflect
temporary deviations from uncovered interest rate parity (see McCallum and Nelson (1999)), and |, is
the nominal foreign interest rate. P (Y;, P,°) are profits from production with Y, denoting aggregate
output (which is equal to total demand for domestically produced goods). Government transfers and
money holdings are disregarded, and the domestic producers are assumed to follow the law of one
price on their export markets implying a complete pass-through.'” The first order condition with

respect to consumption implies an Euler equation of the form

(12) C = EtCt+l -S (it - Etpt+1) )

where i; is the (log) short term nominal interest rate, which is assumed to be the monetary policy
instrument. Inserting (10) into (12) yields

16 Assuming the function to be separable in consumption and leisure, the marginal utility of consumption is only dependent
on the level of consumption, thereby making any disutility of production (or labor) superfluous for the purposes here.
17 Changing any of these assumptions would not alter the consumers’ Euler equation.

11



(13) CtD = Etct?rl - hk M (Etpt'\ﬂl - Etptlil) -S (it - Etpt+1) .

Since the domestic goods are traded, aggregate demand (Y, ) for domestically produced goods is given

by the sum of domestic demand (C° ) and foreign demand (C°"). A log-linear approximation around
steady-state yields, 'y, = (1- k)cP +k ¢, where kp is the export (steady-state) share of total
demand for the domestic good. The foreign demand for domestic goods follows,
¢ =-h(pd - & - pr)+a,y; , wherea, denotes the income elasticity of foreign consumption (see
also equation (A8) in Appendix A). Inserting this and equation (13) into the aggregate demand relation

implies

(14) Yi = Etyt+1 +(1' k D)(' kM hEt(pxl' pt?rl)' S (it - Etpt+1))' k D(EtCBr?L - CtD* )+ ety
=E( Y141~ bgEy (Dt'\fl - ptl-Di-l)' b; (it - Ep t+l)+ be(EtptEl - (Ei&s1-€)- Etﬁt:l)

- b;(Etyfﬂ - Y )"' e,

where b, =k yh(1- kp), b, =s (1- k), b, =kph,and b, =k pa, . e} has been added as an iid
zero mean disturbance to domestic demand. This could be motivated by a shock to domestic
preferences that shifts aggregate demand. The difference between this demand relation and a full pass-

through demand curve is the implicit deviation from the law of one price (i.e. pM * p; + &), which
makes the relative price of imports (pM - pP) diverge from the (inverse) relative price of exports

(p° - e - P, ). Due to different degrees of price stickiness across markets, an exchange rate change
affects demand differently in the domestic and foreign markets. At first glance, some of the
coefficients signs might appear surprising. For example, a future expected depreciation affects
today’ s output negatively. However, some intertempora substitution is at hand, but also expectations
about future output and about future inflation rates change why the effect on today’s output is
ambiguous. Recall furthermore that the complete model consists of a simultaneous system of

equations why analyzing separate coefficients in one equation might be of limited interest.'®

18 Note that the relative price level affects the intratemporal allocation between consumption of imports and domestic goods,
while the change in relative price affects the intertemporal consumption decision (see equations (10) and (13), respectively).
However, observe additionally that all difference terms disappear when solving equation (14) forward;

¥ o . . ¥
yt = bq(ptM - ptD)' bi é—OEt (It+s - pt+s+1)_ be(ptD - et - pt)+byyt + %OEtet{-s !

using the appropriate transversality conditions.



2.3 Parity and foreign conditions

Combining the first order conditions for domestic and foreign currency bond holdings (see equation
(12)), assuming perfect capital mobility, implies that the exchange rate fulfills a modified uncovered
interest rate parity (UIP) condition:

(15) it - it* = Etel+l -8 +ft’

where f is the risk premium that creates deviations from UIP. Since anything that influences this
interest rate differential aso affects the exchange rate (such as foreign interest rate disturbances, e.g.
originating in foreign inflation and output shocks, or disturbances to the domestic interest rate), it is
hard to distinguish a ‘genuine’ exchange rate shock that is not a reaction to some other underlying
disturbance in the model. A shock to the risk premium could however be interpreted as capturing an
autonomous disturbance to expectations about future exchange rate changes (e.g. due to some

exogenous change in perceived risk) resulting in a‘pure’ exchange rate shock.

Moreover, the domestic economy is assumed to be smal relative to the rest of the world so that
foreign output (working as a demand shifter), and inflation of foreign products (that is the change in
marginal cost; see equation (4)) are taken as exogenoudy given. These variables are assumed to follow
AR(1) processes.

(16) y:+1 =r ;y: + Uty+*1,

(17 Bra =r,B; +ufy,

where the coefficients are non-negative and less than unity. The shocks are uncorrelated zero mean iid
disturbances with variance s 3 and s p2 , respectively. The foreign interest rate is assumed to follow a

smple Taylor rule with some persistence added, that is a linear function of foreign inflation, output
and the lagged interest rate (see e.g. Clarida et a. (1998)):

(18) i =(1- r)(BP; +byy) riig Ul

where the coefficients are constant and positive, and r;” specifies the degree of interest rate smoothing.

u," isazero mean iid shock, with variance s 2 , capturing foreign monetary policy disturbances.
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The exogenous shocks, to domestic inflation and output (added to equations (8) and (14)) and to the
exchange rate (i.e. the risk premium shock in equation (15)), are assumed to follow

(193.) e{)+1 =t p etp + utp+1 )
(19) e’y =tye) +uly,

(190) oy =tef +uly,

where the disturbances are zero mean iid shocks with variance s?, s 7, and s 7, respectively. Al

coefficients are positive and less than one. The shocks that enter the economy are thus not permanent,
but persistent. Since there are no backward looking components in the aggregate supply or the
aggregate demand curves, the persistence in inflation and output is thus entirely due to the serialy

correlated exogenous shocks™
24  Thecentral bank’sloss function

The central bank’s objective is to stabilize both inflation and output (as in eg. Svensson (2000)). It
chooses a path for the policy instrument, the short-term interest rate i;, in order to minimize its
intertemporal loss function, which is quadratic in the deviations of inflation and output from their
constant targets (here normalized to zero for simplicity).?® The centra bank assumes the output target
to be equal to the natura output level such that there is no inflation bias (i.e. no deviation of average
inflation from the constant inflation target). The central bank’s optimization problem is

¥
(20 min E ad°Lys,

lt+sfs=0 S=

(200) L =[p2+1 (v)2 +n,G, - is)?],

where L is the period loss function. | measures the relative weight on output stabilization, n;
corresponds to the weight on interest rate smoothing, and d is a discount factor. | > 0 implies that the

central bank does not immediately force the inflation rate back to the long run target after a given

1% Endogenous persistence in the inflation of foreign and domestic goods could though be justified by simply assigning an
adjustment cost to the speed of changing price (i.e. including a cost of changing inflation in equation (1)). However, Hallsten
(1999) shows that this backward looking component in the inflation relation lacks significance for Swedish data. For the
aggregate demand relation, the consumer’ s utility function does not motivate any endogenous persistence without an
assumption of either some sort of adjustment costs or habit formation (see e.g. Svensson (2000), and McCallum and Nelson
1999)).

go Note that the Rotemberg (1982), as well as the Calvo (1983), pricing framework per seimplies that monetary policy can
affect the mean of output. However, the objective function of the central bank stabilizes the model. Thisyields a stationary
inflation rate, implying that the policy maker does not influence the average output level.
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shock, but adjusts the instrument less and hence gradualy brings the inflation rate into line with the
targeted level. The higher | is, the dower isthe adjustment of the inflation rate.

Even if the central bank’s objective only is to stabilize inflation and output, interest rate smoothing can
be optima due to data and model uncertainty, i.e. measurement errors in the data, and uncertainty
about the economic structure and the transmission of monetary policy, respectively, (see e.g. Sack and
Wieland (1999)). Another mativation is the central bank’s concern for financia stability. Furthermore,
with forward-looking behaviour, a gradual and persistent adjustment of the short interest rate induces
expectations about future interest rate changes. This implies a greater effect on the long rates and
thereby also yielding a substantial impact on aggregate demand, without sizeable short interest rate
variability (Woodford (1999)). In that case, interest rate smoothing (n;, > 0) can be interpreted as a
way to bring the discretionary outcome closer to the outcome under commitment, where expectations

of future policy matters.

The state-space representation of the model (i.e. equations (5), (8), (9) and (14)—(19); see also
Appendix B) follows

ae 0 -0
(21) g 1,t+1 +— g ' >+ Bi +U:+11
EiXoru g Xo1 g

. * Lx Ak A K q

X1t :(It-l ye ir B el el e (pi-pl) (Pratec:- pt'\-/ll))a
(¢
Xot :(yt pe p Det) )

Jpuq = i* * f ¢
ut+1—(0 Ut)fl Uts1 uf+1 Utp+1 Uiy ut¥+1 0 00O0OO O),

where X, is a 9 1 vector of predetermined state variables, x,; is a 4 1 vector of forward-looking
variables, and U,,, is a 13 1 vector of disturbances. This implies that the intertemporal control

problem can be expressed as a stochagtic linear quadratic regulator problem:
(2 30x) = min{xQx +d EJ ()}

Consider the discretionary case where the policy maker reoptimizes every period, taking expectations
about future policy outcomes as given (i.e. independent of the current choice of the short interest rate).
The centra bank thus lacks commitment mechanisms. Since the objective function is quadratic and the

congtraint linear, the value function in the Bellman equation will be quadratic in the predetermined

state variables, x,,V,x, +w,, and the forward-looking variables will be a linear function of the
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predetermined variables, x,, = Hx,, (see eg. Soderlind (1999)). In that case, the central bank’s

optimal reaction function will be to set the short interest rate as a linear function of the predetermined
State variables (see Appendix B)*

(23) it =- Fxlt ,

where the policy reaction coefficients ) are determined by iterating on the value function. The
optimal policy is certainty equivalent such that it is independent of the distribution of the disturbances,
and thus only the expected value of the state variables matter (see e.g. Currie and Levine (1993)).

A policy change in the nominal interest rate is transmitted into the model economy through two
channels, viathe redl interest rate and via the exchange rate, which is affected by al (nominal) interest
rate changes. Both channels affect aggregate demand, and thereby influence inflation indirectly, but
the exchange rate aso affects inflation directly through changes in the price of imports (see equations
(14) and (9), respectively). The degree of pass-through will hence influence how monetary policy is
transmitted via the exchange rate channel.

The modd is solved using numerical methods, and consequently it needs to be parameterized. The
values for the model parameters shown in Table 1 are selected aong the lines of Svensson (2000),

without any attempt to calibrate or estimate the model.

Table 1; Parameterization

Central bank loss Supply relations Demand relation Foreign Shock Shock
function Taylor rule persistence variance
| =05 price stickiness: consumer utility function: bp* =15 t,=0.8 sz =1
ni=0.1 gv ={0.01, 0.5, 2, 100} h=6 by =05 t;=08 s2=1
d=0.99 @ =10 s=05 ri =0.8 t,=08 s2=1
foreign influence: b =0.99 S yz -1
ky=0.3 foreign economy elements: sk =1
kw=0.1 kp=03 s2=1
Production function: a, =09
X, =0.8 ry =08
producer discount rate: r, =08
b =0.99

2L In the commitment case, the optimal policy additionally depends on the shadow prices of the forward-looking variables.
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These parameters imply a discount factor that yields an annual interest rate of 4% (assuming a
quarterly model), a price dasticity of demand that generates 20 % markup over margina cost, an
import share consisting of 30 % of total consumption, and an export share of 30 % of aggregate
demand. The rate of nominal rigidity (gu), or import price stickiness, is chosen such that the degree of
pass-through captures the standard open economy case of amost full pass-through, two intermediate
cases of incomplete pass-through, and one case with gpproximately no pass-through, hence basicaly
approaching a closed economy setting. The intermediate pass-through cases appear most relevant for
small open economies since the empirical evidence typicaly suggest that the degree of exchange rate
pass-through is in the range of 20-80% (see e.g. Menon (1996) for a survey of the empirica
literature).”* The domestic price stickiness (gb) in turn, is chosen to obtain a reasonable output

eladticity in the aggregate supply relation.

3 Policy responses under different degrees of pass-through

The optima discretionary policy is examined, under different degrees of pass-through, in terms of
reaction functions, the inflation—output variability trade-off, and the overal variation in some key
variables. To describe the effects of incomplete exchange rate pass-through on the central bank’s
reaction, and its implications, smple impulse response exercises are carried out when foreign and

domestic disturbances hit the economy.
3.1 Exchangerate passthrough

The term ‘exchange rate pass-through’ is generally used to characterize the percentage change in
import prices caused by an unidentified shock to the exchange rate. However, the degree of pass-
through possibly depends on whether this exchange rate movement is caused by a ‘genuine exchange
rate shock, or whether some other disturbance to the economy generates an implicit exchange rate
change. If, for example, different shocks have different degrees of persistence this will affect the
resulting degree of pass-through. The pass-through is also dependent on whether one defines it as
partia—only measuring the direct effect on the price relation, excluding the effect on other
variables—or total—determining the entire effect an exchange rate change causes, working through
every interaction of the price determination.”®> Moreover, in the model used here incomplete pass-

22 Even though all pass-through coefficients resulting from the chosen gy* s seem reasonable, some reservation could possibly
be raised regarding the largest structural parameter, gy = 100. Roberts (1995) reports estimates of 0.25 to 0.36 for (b / g),

where b denotes the supply elasticity of the product, using survey datafor the US. A structural parameter of gy, = 100, would
in that case require asupply elasticity of 25-36, which seems rather far-fetched.

2 Apart from the exchange rate, the import price in this model is dependent only on the exogenously given foreign price
( f)t ), which is not affected by any exchange rate changes. However, a movement in the exchange rate might additionally
17



through is caused by nominal rigidities, why the pass-through additionally depends on the structural
parameter governing the price stickiness (i.e. gv).

Table2: Partid and total pass-through under different degrees of price stickiness,

(contemporaneous responses, Dp,” / De, )

Structural Partial pass- Total pass-through derived from a

price through,

stickiness unspecified De, risk premium foreign foreign domestic cost- domestic
shock inflation shock | demand shock push shock demand shock

9 T ug u’ W uf uy

0.01 0.99 0.987 -0.624 0.991 0.998 0.989

05 0.66 0.675 —-0.556 0.742 0.929 0.682

2 0.33 0.402 -0.461 0.498 0.811 0.411

100 0.01 0.034 -0.098 0.065 0.237 0.035

Note: The partial pass-through, caused by an unspecified exchange rate movement, is constructed from equation (5) by
solving for the price level of import goods, assuming that the expectations of future inflation is zero (i.e. the partial derivative
with respect to the exchange rate). The total pass-through is derived from simulations of the entire model under identified
shocksto the system.

The degree of pass-through is thus contingent upon a row of factors and assumptions. In Table 2 the
resulting contemporaneous pass-through, for different choices of the structural import price stickiness
(gv), and dternative sources of exchange rate movements, are displayed. Pass-throughs caused by
identified structural shocks, as well as initiated by unspecified exchange rate movements, are
presented. The latter, ‘unspecified’, (partial) pass-through category is derived directly from the price
setting relation in equation (5), while the ‘identified” (total) pass-through characterization is derived
from smulations of the entire model and the actual responses, of the import price level and the
exchange rate, when different types of shocks enter the economy. As the nominal rigidity increases
(larger gu), the exchange rate pass-through becomes smaller, no matter what type of shock hits the
economy (see Table 2). Consequently, although the import price stickiness parameter @) directly
determines only the partid pass-through, the relation between the nomind rigidity and the tota (as
well as partial) pass-through is monotonic. The unspecified, or partial, pass-through is somewhat
smaller than the total pass-through caused by identified shocks. This difference is most evident when
the nominal rigidity is large, or equivaently when pass-through is small. Risk premium shocks (i.e.
exchange rate shocks) and domestic demand shocks imply a total pass-through fairly similar to the

unspecified partia pass-through, while domestic cost push shocks, in contrast, appear to render a

affect expectations about future import prices, why the partial and total pass-through need not be equivalent;

M /e, * do” /de =" /e + (1o /10, )ldpM, /de ), see equation (5).
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much larger total pass-through. The reason is that the domestic cost push disturbance is the most
costly shock in terms of the size and persistence of the inflationary impulse. Since the price adjustment
is gradual this also induces higher expectations about future inflation, which in turn increases the total
exchange rate pass-through. Further, the total pass-through is negative for the foreign cost push shock
since it yields an import price increase at the same time as the foreign policy reaction induces an
exchange rate appreciation.

It is believed that price setters respond differently to temporary and permanent exchange rate
movements (see e.g. Froot and Klemperer (1989)). Transitory exchange rate movements are expected
to result in low pass-through, or no pass-through at al, while permanent exchange rate changes are
believed to yield larger import price responses. In the model used here this can be examined using
different degrees of persistence in the risk premium disturbance (t;). A highly persistent risk

premium shock will induce larger and more persistent exchange rate movements. Figure 1 displays the
total exchange rate pass-through under varying assumptions about the risk premium persistence. The
total pass-through seems to be increasing in the degree of persistence, irrespectively of the amount of
price stickiness. Consequently, transitory exchange rate changes yield lower import price responses
than more persistent movements in the exchange rate do. This occurs because the costly price
adjustment implies gradual price changes based on expectations about the future development of the
exchange rate (see Footnote 11). With transitory exchange rate movements, the incentives for a
gradual price adjustment, towards the new short-lived equilibrium price, will thus be smaller.*
However, the range in which the degree of pass-through fluctuates, appears to be predominantly
contingent upon the degree of import price stickiness. With low nomina rigidity also a temporary
exchange rate change induces quite large pass-through, while the opposite is true for large price

stickiness and permanent exchange rate changes (cf. Figures 1a and 1d).

3.2 Passthrough and exchangeratevolatility

Prior empirica literature has related evidence of incomplete exchange rate pass-through to, for
example, the considerable amount of observed short-run nomina exchange rate volatility and costs of
changing prices. In contrast to these studies, where exchange rate movements are trested as
exogenous, the nomina exchange rate is in this model determined endogenously. Moreover, by here
treating the degree of price stickiness as exogenously given, the causality between pass-through and
the nomina exchange rate volatility can be examined more closdly.

24 Note, however, that also theinitial exchange rate movement becomes smaller when the risk premium persistenceis low. A
smaller exchange rate movement implies, per se, that the price adjustment is relatively more expensive, since the deviation
from the equilibrium flex price is small, thereby inducing lower pass-through.
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Given the centra bank’s objective of targeting inflation (as well as some output and interest rate
stabilization) the price levels, of domestic and foreign goods, are not controlled in this type of modd. %
As long as the inflation rate is stabilized the price levels are assumed to be irrelevant to the policy
maker, whatever they happen to be. Consequently, the exchange rate level is non-stationary within this
system. The interest rate parity condition governing the exchange rate's development in equation (15)
only pins down the expected exchange rate change, disregarding the level of the exchange rate.
Consider for example a positive risk premium shock. Although the shock eventudly expires, it
depreciates the exchange rate permanently (see Figure 2d). The law of one price for imported goods is
satisfied in the long run, which implies that a cointegrating relation between the foreign and domestic

prices determines the limit of the exchange rate. The exchange rate must balance the difference

between the import price denoted in domestic currency (p," ), that is permanently affected (i.e. raised)

by the shock, and the foreign currency price (p, ), which is exogenoudy determined and thus not

reacting to the risk premium shock.”® Consequently the exchange rate stays permanently depreciated,
and as this new steady-state level of the exchange rate does not induce any further inflationary
impulses the policy maker must be indifferent to such a movement.

In addition, the exchange rate responds more to the risk premium shock when the degree of pass-
through is low, and the initial depreciation is hence larger. For al shocks except foreign cost push
shocks, the common feature seems to be that the initial movement in the exchange rate becomes larger
as passthrough decreases (see eg. Figure 4d). Furthermore, the unconditional variance of the
exchange rate difference clearly increases when pass-through decreases (see Table 3). The voldtility in
the exchange rate is thus negatively related to the degree of pass-through. The reason is that the prices
of foreign and domestic products are exogenously rigid in this model and can not costlessly absorb a
shock. This implies that a large exchange rate response is required when there is a country specific
shock, in order to create the necessary adjustment of the relative price between foreign and domestic
products.>” Hence, since the exchange rate is endogenously determined the structural pass-through
parameter (gu) will affect the development of the exchange rate. In that case, as pass-through
decreases, that is as the nomind rigidity increases, the exchange rate is expected to fluctuate more
because part of the relative price adjustment is accomplished through the exchange rate (as in Betts
and Devereux (2000)).?®

3 Thisis thus not specific to the setting used here, but typical for all inflation targeting models.
% The law of one price states in this model that, (p" +e - p™) ~1(0) - This cointegrating relation enters through equation (5),

given that pM ~ 1(0) . Together with the unaltered foreign currency price thisimplies that |im E.6.s = limE, pt“fs.
W ¥ S®¥

27 Given the quadratic adjustment costs, alarger exchange rate movement implies that the producer is further away from the
equilibrium flex price, which makes the price adjustment relatively cheaper (see equation (1)).

2 gtill, the relative price of imports moves less as the nominal rigidity increases (see e.g. Figure 2g). However, if the
exchange rate did not fluctuate more in those cases, the relative price adjustment would perhaps be even smaller.



Table3: Unconditional variances

Partid | var( p ) var(p®) vap™) | var(y) | va(De) | va(p“-p°) | va(i)
pass-

through

0.99 54.649 54,717 56.685 2.088 58.556 9.662 41.585
0.66 54.415 54.926 54.637 1.745 60.505 8.824 40.984
0.33 53.17 54.621 50.824 1.393 63.229 9.803 40.255
0.01 24.996 34.731 11.342 0.246 66.778 379.86 34.611

Note: See Appendix B for the varlance—covariance matrix, and calculation of the asymptotic variances.

A larger degree of nominal import price stickiness (i.e. lower pass-through) does not necessarily imply
a larger red voldtility in this model. Rather, the unconditiona variance of output appears to be
increasing in the degree of pass-through (see Table 3). The reason behind this somewhat surprising
result is probably the fact that output is directly affected by the degree of pass-through. Larger price
rigidity induces lower pass-through, which in turn implies less exposure to foreign shocks through the
exchange rate channel. Consequently, output is less sensitive to such disturbances when pass-through
islow. Besides, if prices are less affected by the shock, the smaller is the required output adjustment.”
Moreover, this induces fewer interest rate adjustments overdl, and the interest rate volatility is
therefore increasing in the degree of pass-through.

3.3 Policy reaction function

The policy reaction function is explicitly derived from the centra bank’s objective function in
equation (20). This implies that the policy maker does not restrict her use of information, but acts
optimally and responds directly to inflationary impulses, like for example a risk premium shock. This
yields a policy rule, or reaction function, that does not resemble a simple Taylor rule. A ssimple Taylor
rule implies that the central bank reacts on certain variables, like inflation and output, in contrast to
responding to direct shocks. Consequently, the Taylor policy maker adjusts the interest rate merely
indirectly to adisturbance, asit is reflected in inflation or output.

Consider once more a shock to the exchange rate through a positive risk premium disturbance. As
expected, less price stickiness (larger pass-through) results in stronger inflationary impulses, and
thereby aso larger interest rate responses (see Figures 2a and 2¢). This follows from the central bank’s

reaction function, where the response coefficient on the risk premium shock becomes larger as pass-

2 Then again, this result is consistent with the findings of De Long and Summers (1986). They show that an increased price
flexibility may increase the steady-state variance of output as long as the current price level and expectations about future
price changes affect output in different directions.
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through increases (see Table 4). Hence, this implies the largest policy adjustment when the effect of
the exchange rate shock is the greatedt, that is, in the full pass-through case. Recall, on the other hand,
that the exchange rate volatility decreases as pass-through increases. However, since the policy maker
reacts on the risk premium (f ), and not on the exchange rate (&) per se, this does not affect the interest

rate response directly.

Note furthermore that the reaction on the lagged interest rate is decreasing in the degree of pass-
through (see Table 4). This reflects that a smaller pass-through requires a more persistent interest rate
response, since the effect of an exchange rate movement is more prolonged in this case. Nevertheless,
the interest rate persistence is aso implicitly incorporated in the reaction function through the
persistence in other variables, and the policy maker’s response to these variables. Take for example

the lagged relative price of imports (pY, - pg,), which enters with a positive coefficient. Since a high

lagged relative price indicates that the lagged inflation, and thereby aso the lagged interest rate, is
large, some of the interest rate smoothing is induced in this way.

Table4: Reaction function of the policy maker; coefficientsin - F (i, =- Fx)

Partial iy y, i N e ef e’ (Y- p2y) (Fitg.- P
pass-

through

0.99 0.015 0.034 0.913 —0.660 3.523 0.913 0.192 -0.024 0

0.66 0.025 0.025 0.842 -0.655 3.503 0.842 0.360 0.067 0

0.33 0.033 0.022 0.797 -0.647 3.529 0.797 0.460 0.120 0

0.01 0.038 0.029 0.796 -0.623 3.688 0.796 0.446 0.109 0

The reaction coefficients on the risk premium shock, on foreign output, inflation, and interest rate, are
al increasing in the degree of pass-through. As pass-through increases the inflationary impulses
become larger, which in turn require larger interest rate adjustments. In contrast to these foreign
variables, the response coefficients on the domestic demand and cost push disturbances (i.e. ¢’ and e,")
are decreasing in the degree of pass-through (see Table 4). The interest rate adjustment to domestic
shocks is thus larger when pass-through is low (see e.g. Figure 5c). The reason for this is the effect
working through the exchange rate channel, which transmits monetary policy to a greater extent the
larger pass-through is. Consider for example a positive domestic demand shock. To counter this
demand disturbance the interest rate is raised, implying a concurrent appreciation of the exchange rate,

which in turn induces lower inflation of imported goods (p ™) (see Figure 5). As pass-through
increases the appreciation feeds into import prices to a greater extent. Consequently, this counteracts
the demand disturbance more, which requires less adjustment of the interest rate when pass-through is
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complete. In this case, the exchange rate thus work as a shock absorber, with larger impact the larger
pass-through is. Overdl, the flipside is a larger exposure to foreign disturbances when the exchange
rate pass-through becomes more complete®

That the direct reaction on the wedge term (P, , +€,., - p{,) is zero should not be interpreted as the

nonexistence of a policy response to deviations from the law of one price (see Table 4). Rather than
responding directly to the wedge term, recall that the centra bank reacts to the underlying
components, such as foreign inflation (9, ), and the risk premium € ). Note additionally that the

central bank responds to al disturbances, permanent as well as temporary, in the absence of
transmission lags of monetary policy.

34 Policy trade-offs

In a closed economy the policy maker can, in generd, entirely wipe out a domestic demand shock by
smply raising the interest rate, without affecting output and inflation.®" In contrast, for the open
economy case here, the policy maker can not counter a demand shock by raising the interest rate
without also affecting the exchange rate and thereby inflation. Consequently, the demand shock can
not be completely neutralized, and the central bank is forced to trade off output variability for reduced
inflation variability (see Walsh (1999) for a discussion of these matters). Hence, the policy maker
faces a trade-off not only when the economy is hit by cost push shocks but aso by, for example,
demand and exchange rate disturbances (see Figure 7). However, exchange rate disturbances,
domestic demand shocks, as well as foreign demand and inflation shocks, generate much less variance
in both inflation and output, for equa shock magnitudes, compared to the domestic cost push shocks.
As the economy is hit by a combination of shocks, most of the unconditional variance in inflation and
output therefore originates from the domestic cost push disturbances®** Nevertheless, the policy
maker still faces a trade-off between inflation and output variability for the other shocks, but in a
different scale than for the domestic cost push shock. If the variance of, for example, an exchange rate
disturbance were larger, the trade-off curve would be located further away from the origin. Still, in the
model used here the exchange rate disturbance (or any other of the ‘minor’ shocks) must be outsized

by orders of magnitude, so as to generate the same dimension of inflation and output variability as is

%0 In contrast, for domestic cost push shocks the exchange rate, surprisingly, counteracts the policy maker’ s objective of
bringing down inflation, since it depreciates and thus adds to the inflationary impulse.

%1 Note that thisis not the case if the policy maker’s objective function penalizes interest rate changes.

%2 See Appendix B for the variance-covariance matrix. The variances of all shocks are, by assumption, identical and set to

one, making the shock vector equal to; u, =(0 1 (1+(1-r,),+5)) 1111 0 0 0 0 0 0). Theassumption

that all structural shocks have the same variance might be excessively restrictive in ‘reality’ . However, the domestic cost
push shock is the primary source of inflation and output variability, also when allowing for different variancesin the
disturbances.
33 Recall that only the magnitude of the loss function, and the inflation-output trade-off, are affected by the size of the shocks.
The policy maker’s reaction function is certainty equivalent and thus independent of the disturbances' covariance matrix.
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caused by a domestic cost push shock. These results consequently imply that cost push shocks are not
the only shocks that should be offset by the central bank (in contrast to the closed economy; see
Clarida et a. (1999)). Nonetheless the cost push shocks appear to be the most ‘costly’ disturbances,

which requires firmer interest rate responses.

How is the inflation—output variance trade-off affected by the exchange rate pass-through? As pass-
through decreases, the exchange rate channel becomes less important in transmitting policy, implying
that for example a domestic demand shock involves a less severe conflict between stabilizing inflation
or output. An interest rate change still yields an exchange rate movement but this movement does not
pass-through to prices to the same extent. An open economy with incomplete pass-through thus
obtains some of the characteristics of a closed economy setting, and this makes the trade-off between
inflation and output variability less considerable. Furthermore, when pass-through is smal,
autonomous exchange rate disturbances will have less impact on the economy, which makes both
inflation and output variances smaller. These effects, running through the exchange rate—the less
serious conflict between policy objectives, and the lower exposure to foreign shocks—together imply
that also the inflation—output variability trade-off in the face of a combination of shocks, will be
located closer to the origin (see Figure 8). For a given output variability the inflation variance is thus
smaler when the exchange rate pass-through is low. However, quantitatively the degree of pass-
through seems to have a rather small effect on the inflation—output variability frontier. The difference
in centra bank loss is for example less than 3% between the case with 99% partia pass-through and

the case with 33% partia pass-through (not shown).

3.5 Robustnessissues

How is monetary policy affected by the degree of openness in the economy, and what does this imply
in terms of, for example, inflation and output variability? A more open economy implies that the
exposure to foreign disturbances increases, and that the exchange rate channel plays a more important
role in the monetary policy transmission. Recall that a larger exchange rate pass-through has similar
implications, why openness and pass-through are somewhat related questions athough their specific
mechanisms work differently. In this model the degree of openness is captured through three different

parameters, the import and export shares k,, and k ,, respectively), and the share of imported
intermediate inputs in production (k,, ). For instance, increasing the import share of consumption
(k,, ) implies that deviations from the law of one price more significantly affect total (CPI) inflation,

asisthe case when pass-through becomes larger. However, a more open economy aso implies that the
real exchange rate directly influences both inflation and output to a greater extent (see e.g. equation

(9)).
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The results discussed above mostly appear to be qualitatively robust to changing the degree of
openness. For example, the exchange rate volatility is decreasing in the degree of pass-through, and
the policy reaction to a risk premium disturbance decreases as pass-through decreases, irrespectively
of the degree of openness™® Note, however, that the size of the reaction coefficients and the resulting
variability change as the degree of openness changes (see Tables C1 and C2 in Appendix C). In
analogy with the complete pass-through case, a more open economy implies larger policy reactions to
foreign disturbances, since their impact on inflation and output is larger in this case. In contrast, the
policy response to domestic disturbances appears to decrease when the economy becomes more open.
This dso affects the variability in the economy. The exchange rate volatility becomes lower as the
degree of openness increases. Given that foreign shocks influence, for example, domestic prices to a
greater extent in this case, there is less need for exchange rate induced relative price adjustments.®
Conseguently, the variability in nomina and real exchange rates is smaller when the economy is more
open. Nonetheless, the output volatility is, in contrast, increasing in the degree of openness. This
occurs because the impact of foreign shocks is larger when the economy is more open, with greater
influence on prices, which aso requires larger adjustments in output. Stabilization is thus provided

through output rather than viarea exchange rate movements.

4 Conclusions

A small open economy aggregate supply—aggregate demand model, allowing for incomplete exchange
rate pass-through, has been developed to analyze the effects of limited exchange rate pass-through on
monetary policy. Solving for the endogenous policy response to foreign and domestic shocks,
indicates that the optimal policy reaction, and its implications, is dependent on the degree of pass-
through. Exchange rate pass-through, in turn, is contingent upon many factors and assumptions. In this
model incomplete pass-through is incorporated through the exogenoudy imposed nomina import
price stickiness. However, pass-through is additionally dependent on what type of shock enters the
economy. The results suggest that transitory exchange rate movements yield lower import price
responses than persistent movements do. Consequently, pass-through is increasing in the degree of
shock persistence. Nonetheless, the predominant source for incomplete pass-through appears to be the

degree of price stickiness, rather than the degree of shock persistence.

In contrast to the full passthrough case, exchange rate movements do not induce large inflationary
impulses under incomplete pass-through, when for example foreign disturbances hit the economy.
Consequently, the optimal policy reaction to risk premium changes (i.e. exchange rate shocks), foreign

% The results are al'so robust to changes in other parameters, such as, for example, the degree of substitutability between
goods and the amount of exogenous persistence in the disturbances. Changing the variance-covariance matrix, for instance to
dlow for different variances in the disturbances, neither affects the main results.
35 Compare with the complete pass-through case, where the same mechanism is at work (see Section 3.2).
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interest rate changes, and foreign demand changes, decreases as pass-through becomes lower. The
impact on the domestic economy, both on prices and on output, appears to be smaler when pass-
through is low, which implies that the short interest rate adjustment will be smaller.

Contrary to this, the optimal response to domestic disturbances, such as demand and cost push shocks,
increases as pass-through decreases. With complete pass-through the policy induced exchange rate
movement has a larger effect on prices, implying that the exchange rate channe of transmitting policy
has a more sizeable influence. Consequently, some of the stabilization is provided through the
resultant exchange rate change, and the policy maker does not need to adjust the interest rate as much.

The exchange rate channel of monetary transmission also implies that the policy maker faces a trade-
off between inflation and output variability, not only in presence of cost push shocks, but aso for
demand shocks and foreign disturbances. The trade-off frontier is located closer to the origin as pass-
through decreases, because of the lower exposure to foreign shocks and to policy induced exchange
rate fluctuations.

In models where exchange rate changes are exogenoudly given and prices not very responsive to these
changes, monetary policy makers can not rely on exchange rates to provide the necessary adjustments
to read shocks (Devereux and Engd (2000)). In the model used here, the exchange rate is
endogenoudy determined and its development is dependent, among other things, on the exogenoudly
given import price stickiness. In order to induce the necessary relative price adjustment, the exchange
rate response is required to be larger as the price rigidity increases, since nominal prices are sticky and
can not costlessly absorb a shock. The results also indicate that the exchange rate volatility increases

as the nominal rigidity increases, or in other words, it is decreasing in the degree of pass-through.
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Appendix A

A.1 Theconsumers preferences

Domestic consumers

The domestic consumption follows a CES function, such that the aggregate consumption index (C, )

consgists of consumption of imported goods (C* ) and consumption of domestic goods (C?P ), in the

following form:

(D Co=gi k) @)+ ey

7

where ky, denotes the total import share of consumption in the domestic country. The corresponding

aggregate price index (CPI) is
02 R=[a k)@ Ky RO

A log-linearization of (A2), taking first differences, yields the following simplified expression for
aggregate (CPl) inflation, p, = (@- k,)p> +k,pM.* For smplicity, it is assumed that al products
within a category are alike such that issues of substitution between different types of goods within a
category are disregarded. Equation (A1) implies that the demand for domestic and imported goods
follow, respectively,

-h

aPP o
(A38) CP =(1-ky)&=—% C,
t Mé?té t

h

C,.

M e
(A3b) CM =k, aa% '

(SR Fe]

t

The relative consumption alocation is then given by

C® _(-k,)ERP§"

(Ad) .
CtM kM PtM b
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Foreign consumers

The conditions in the foreign economy is assumed to be exogenoudy given, and the domestic
economy is smal in that the domestic export good plays a negligible part in the foreign aggregate
consumption and price indices. This is modelled through a CES (Dixit-Stiglitz) aggregator over
foreign consumption of a continuum (with unit mass) of differentiated goods, assuming the elasticity
of subgtitution between them to be h (i.e. the same easticity of substitution as between domestic and
foreign goods). This implies that the foreign demand for the domestic export good, and the foreigners
demand for their own good (i.e. domestic import good), respectively, follows

..-h
&P /E 0

(A5 C” =hT C,
P @

(ASb) CM" = gp :

A.2 Thedomestic producer’s optimization problem

The domestic producer is assumed to use a composite (Cobb-Douglas) input ( Z, ), consisting of

domestic intermediate goods (Z°) and foreign import goods (Z*), in her production (Y, ) such that

the production function follows
A6 Y =z} =[zeyr 0£q<1.
The compound intermediate input price, in domestic currency units, is given by

z _ (R (RM)
(1' kW)I_kW kaW

(A7) R

where k,,, denotes the share of imported inputs in the domestic production. The profit maximization

problem of this firm, in an imperfectly competitive setting with flexible prices, is given by

 max IE}DCID + ﬁ)tD* EtCtD* _ PtZZt

R°.R”"Z,
(A8) 50 g 507
. apP 0 &P o
st Y, =(Z)scP+Cc =1k )T C +—— C,
&R 5 &R 5

% The share of import goodsin CPI inflation is constant for small deviations around the steady-state, and hence equal to k M
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where the domestic and foreign aggregate consumption follow CES functions. The producer satisfies
the demand for domestic products, which isequal to Y, =C.° +CP" (domestic and foreign demand).
E: is the exchange rate (domestic currency per unit foreign currency), C, is the aggregate (domestic)

consumption index consisting of a composite bundle of domestic and foreign goods, I3t is the
corresponding price index, and ky is the import share of consumption (a star denotes the foreign

counterparts). The goods are well differentiated such that the domestic producer disregards her own
effect on aggregate prices, as well as takes the competitor’s price (i.e. the price of import goods, F}M )
as fixed, implying that any strategic interaction is absent.

Thefirst order conditions, with respect to the (flex) prices charged in the domestic and foreign markets

( If}D and I%D* , denoted in domestic and foreign currency, respectively) are given by

(A%) B°=E1 ez, R,
h-1p

agp) B” =1 Sucz,.ph+

(A%b) b1z )E

where h is the (postive) constant price elagticity of demand, and MC is marginad cost;

MC= RZ/((l- q)Zt'q): RZ/((l- q)Yﬁ'). The equilibrium prices of the domestic good, in a flexible

price environment, hence consist of a constant and identical markup over marginal costs.



Appendix B

B.1 Thecentral banker’soptimization problem

The central bank’s period loss function can be stated as L, = (z,Kz) where z, = (p,, VY, - i,,))’
denotes a vector of god variables composed of z, =T, x, +T;i,, such that T, is a 3 13 matrix mapping

the goa variables to the state variables, T, is a 31 matrix, and K is a 3 3 diagona matrix with
diagona (1,1, n),

20 000000O0GO0O0 (-k,) k, 08
T,=¢0 000000001 0 0 O
&1 000000000 O 0 0y
29
o
&y

Thisimplies that the intertemporal control problem can be expressed as:

¥ . N
. o . ) U @, 0
J(x) = min EtadS(xt+s IHSEJQ' : .t+s:

lt+sfs=0 s=0 R |t+S %)
(B1) v
R S(y S A
= mn E @ d°(X+sQrs + 2% 4sUites +iasRites)
lt+sfs=0 s=0

whereQ = T,KT,, U = T,KT,and R= T;KT,.

The modd, i.e. the system of equations (5), (8), (9), and (14)—<19), can be rewritten in state-space
form:

0 ~
(B2) ’%g T _Agxlt—+8| +0,,
E.Xx 214 g Xot g
_(- ; ¥ p f y M D a* M )(]
Xyt =\lt-1 Yt 't Pt et e € (Pi1- Pi1) (Pro1*€c1- Pi1))

X2,t:(yt pe P Det)q1

. f ¢
Uy = (0 ul, ufy uly uby ul, ufy 00O0O0O O),

where x;; is a 9 1 vector of predetermined state variables, x,; is a 4 1 vector of forward-looking

variablesand U,,, isa13" 1 vector of disturbances,



aa 0

0 - b r’
90 b r;)

*

- b;(l' rl)

Q)
o
o
-
O O OO0 Oo oo
O O OO O o oo
7

0 0 0+
(- Kp)6 - k(s -h))*+kgh) (@-Kplky (s -h) O
; 0 o
0 b, 0.

0 0 15

OCooocoo0oooocoor oo
OCoo0oo0oo0oocoo0oor OO OO
O o oocooocookr ooo oo
OO0 o0oo0o0oor OO OO OO
coffoorooooo oo
off o or OO0 oo oo oo
OO0 OoOr OO0 OO oo oo

Q)

o
O O O OO0 O o oo
O O O OO0 O o oo

Q) O

S°%
", o
o o
o o

ﬂ
« O

I

<
O O O o

=

o
o O O o o

o
[}
oo oo o o
'O oo o oo o
=
W PO OOOOoOOoOo
e o

S0 -kpayd-r}) -

>

-

o
x =, O O O OO O O o o

5]

oo oooooo

—
O O O OO Fr OO 0O O O o o
'
O e

O o0 o X~ kP OO oo

OO0 O OFr OO OO0 O OO0 O
|

oo r OO

oOr O O
9

o

®
o

B=(L 0 00 00O0O0O0 (-kp)s +kph 0 0 1)°.

The predetermined state vector is defined from stationary variables only, in order to avoid problems
with the numerical algorithm used to capture the discretionary solution. If the number of stable
eigenvalues of the solution, or trangtion, matrix (see equation (B13)) equals the number of
predetermined variables’, the system has a stable solution, which is captured by the numerical
algorithm. In contrast, if the state vector contains non-stationary variables, yieding unstable roots, it is
unclear whether the algorithm captures the solution to the policy maker’s problem. Hence, the system
is written such that the non-stationary variables like the price level and the exchange rate, enters the

state-space representation only in relative or difference forms®

Premultiplying equation (B2) with Eb'l yields:

37 |n the case of commitment, thisis a necessary condition for a stable solution (Blanchard and Kahn (1980)).
38 Consequently, the following identities are also used to put up the state space representation;
(P - p7)=(RY1- P2 +pi - Py ad (] +e - p')=(p,, +e.,- P") +P; +De - p "
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where A=A, A, B=A "B andu,,, = A, ;.

In the discretionary case, where the central banker reoptimizes every period, the forward-looking

variables can be expressed as alinear function of the predetermined variables, x,, = Hx,. Using this,

partitioning equation (B3), according to the predetermined state variables and forward-looking
variables, and taking expectations:

ak X1t+10 ;A e 9
GO S TV S éB

35‘13139EX _ay A 0 aB 0.

B5 . .
®9) §H4'135 i §A21 Azz%thg ngﬂ
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Xor =(Agp - HAL ) (HAL - Agy) Xqq + (A - HAL) (HB, - B,)i,
(B7) ~ .

=Dx; +Giy,

EiXpt1 = AunXer +AXor + By =/ Dxqy +Giy /

(B8) = (A11 + A12D)X2Lt +(Bl + AlZD)it
= A'x,, +Bi,.

Rewriting the central banker’s period loss function (see equation (B1)) in terms of the predetermined
variables, using equation (B7), yields

' - . Quage X, 5
L = D'xyy +Glig g +i(Ri
t (Xlt X1t G'I)EéQQZl QZZ%DX +G|tﬂ %DX +G _UI "R
(B9) = X'Lt (Q11+ D'Q, +Q;,D+D'Qy,D )XLt +2Xl,t (leG+ D’ Q22G+U1 +D‘U2)it

+i, (G‘QZZG+G‘U2 +U,G+ R)

=X, Q Xgp +2% U iy +ig Ry

Using equations (B8) and (B9) implies that the Bellman equation of the optimization problem,

considering the discretionary case, can be written
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J(Xqt) = X Vi Xy +Wy

B10) = minfL, +0E [ Vs Xy e

= min{x'LtQ* X +2xU iy +iR'i; +dE, [(A* Xy +Bi¢)'Via (A % +B'iy) +wt+1]},
Iy

where V, is a negative semidefinite matrix and w; is a scalar, both yet to be determined by iterating on
the value function. The first order condition yields,2(R" +dB™'V,,,B")i, +2(U " "+dB™"V,,;A")x, =0,

implying that the interest rate is equal to

- (R +dB 'V, B") HU +dB™ 'V AT X

®B11) "
- Fexy

The forward-looking variables and the predetermined state variables can, by combining (B11) with
(B7) and (B3) respectively, be written as:

(B12) x, =(D- GF)xy,

Xit41 = (A + A (D - GF) - BiF )X +Upyg
= MXy +Ugg.

(B13)
Using (B11) in equation (B7) and inserting in (B10) yields
J(%,) =%, (Q - U'F - RU*+FR R F +d(A - B'F)V,, (A - B'F))x, +dw,,,

implying that the value function (the so called Ricatti equation) is equal to:

(B14) V,=Q -U'F - F'U*+F'R'F, +d(A - BF,)V,,,(A - B'F)).

In contrast, if the central banker credibly can commit to a certain policy solution, the monetary policy
will also be transmitted through the private agents expectations about current central bank behaviour.
The commitment solution does not require a numerical agorithm (see Soderlind (1999) for the
different optimization procedures). The optimal reaction function is in that case determined from a
decomposition of the stable eigenvalues from the first order condition of the optimization problem (i.e.
the intertempora loss function (B1) subject to the transition equation (B3)).



B.2 Variance-CovarianceMatrices

The unconditional variance-covariance matrix of the disturbance vector, u,,, is given by

S, =(S,; 0g.), where S, is defined as

o) 0 0 0 0 0 0 0 0§
go s2 @-r)bjs 2 0 0 0 0 0 0+
€ (@ rbsi sZ+E-r)2sEi+bsZ) @-r)ysi 0 0 0 0 0%
¢o 0 @-r{)bs 2 S 5 0O 0 0 0 0%
8., =80 0 0 0 s2 0 0 0 o
go 0 0 0 0 s# 0 0 0
¢o 0 0 0 0 0 s2 0 0:
) 0 0 0 0 0 0 0 O
§o 0 0 0 0 0 0 Oy

The dynamics of the predetermined variables can be written as (B13), implying that the asymptotic

unconditional variance—-covariance matrix of x, is given by

(Bl5) &, =MAa M +&,,

(816) vedd o) =|1 .- (MAM)|*veda,,),

using vec (A+ B) = vec (A) +vec (B), and vec(ABC) = (C' A A)vec(B), (see Rudebusch and
Svensson (1999)). The variables of interest (z?) can be written as a function of the predetermined
variables (x; ),
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implying that the variance-covariance matrix of the interest variablesis:



Appendix C: Robustness

TableC1: Unconditiona variances, different degrees of openness

Patid | va(p ) | varp®) | vaM) | va(y) | va(De) |va(p"-p°)| va(i)
pass-
through

kM =0.15, kD: 0.15, kW =0.05
0.99 54.998 55.045 62.806 1.841 64.128 30.235 40.638
0.66 54.889 55.188 58.144 1.644 67.698 26.802 39.86
0.33 54.310 55.107 52.7 1434 72.704 24.458 39.212
0.01 37.194 43.145 15.833 0.552 91.102 477.697 40.176

kM = 06, kD: 06, kW =0.2

0.99 53.919 54.047 54.257 2477 56.614 3.06 41.847
0.66 53.220 54.245 52.833 1.875 57.67 3.05 41.496
0.33 50.275 53.199 48.677 1.295 58.237 5.535 40.463
0.01 10.148 23.597 5.611 0.052 39411 282.388 23.325

Note: See Appendix B for the variance—covariance matrix, and calculation of the asymptotic variances.

TableC2: Policy reaction function, different degrees of openness; coefficientsin - F (i, =- Fxy,)

Partid Iy A i B, ef C ey (1= P2 | (Blites- AN
pass-
through

kM =0.15, kD: 0.15, kW =0.05
0.99 0.038 0.037 0.793 —0.555 3.460 0.793 0.373 -0.016 0
0.66 0.058 0.013 0.67 -0.547 3.409 0.67 0.606 0.063 0
0.33 0.072 0.000 0.594 -0.534 3413 0.594 0.741 0.108 0
0.01 0.080 0.021 0.603 -0.475 3.812 0.603 0.696 0.078 0

kM = 06, kD: 06, kW =0.2

0.99 0.006 0.024 0.978 -0.734 3.525 0.978 0.071 -0.037 0
0.66 0.01 0.028 0.954 -0.732 3521 0.954 0.166 0.042 0
0.33 0.012 0.031 0.940 -0.729 3.525 0.940 0.22 0.086 0
0.01 0.014 0.031 0.932 -0.734 2.954 0.932 0.248 0.127 0




Figure 1: Exchange rate pass-through under varying degrees of risk premium persistence (7,,)

Note: Range of variation, r,= [0, 0.99]

a) yy =0.01

Discretion: Pass—through under different 74, yy=0.01

b) yu

0.5

Discretion: Pass—through under different 74, yy=0.5

@ o
3 =
& T T T T T T T T T Z
S
. L
ar 1 al
El S
=) L
Sk —— Pass—through 4
S 4

S

s g

> ar 1 = T

]

= < 3L
o S
I
| ]
IS L

o
@ Bl
ot 1 &
o L
500 01 02 03 04 05 06 07 08 09 1.0 S 0.0
To

Discretion: Pass—through

under different 74, yy=2

—— Pass—through

d) y,, =100

0.6

Discretion: Pass—through under different 74, y4=100

© °
S T T T T T T T T T <
S
~l | L
° o
L
S
L 1
= L
—— Pass—through
<
Qb
© 1 v O
N <
S St
o
3 1 S
S
©
3t
| c
- o
g . . . . . . . . . 8
00 041 02 03 04 05 06 07 08 09 10 S0.0
Te

—— Pass—through

36



Figure 2: Impulse responses under different degrees of pass-through, risk premium shock (v? =1)
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Figure 3: Impulse responses under different degrees of pass-through, foreign inflation shock (u™ =1)
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Figure 4: Impulse responses under different degrees of pass-through, foreign demand shock (u?” =1)
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Figure 5: Impulse responses under different degrees of pass-through, domestic demand shock

(v’ =1)
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Figure 6: Impulse responses under different degrees of pass-through, domestic cost push shock
(v"=1)
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Figure 7: Inflation—output variability trade-off under different degrees of pass-through, individual
shocks

a) Risk premium shock (uf) b) Foreign inflation shock (u;”")
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Figure 8: Inflation—output variability trade-off under different degrees of pass-through
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Note: The degree of output stabilization is altered such that A =[0,1], step 0.1. The y-axis is truncated to circumvent the

extreme case of A = 0, which makes the trade-off frontier skewed.

43



References

Adolfson, M. (2001), “Export Price Responses to Exogenous Exchange Rate Movements’, Economics
Letters, Vol. 71, No.1, 91-96.

Alexius, A. and Vredin, A. (1999), “Pricing-to-market in Swedish Exports’, Scandinavian Journal of
Economics, Val. 101, No. 2, 223-239.

Batini, N. and Haldane, A. (1999), “Forward-looking Rules for Monetary Policy”, in Taylor, J. (ed.),
Monetary Policy Rules, University of Chicago Press, 157-192.

Bergin, P. and Feenstra, R. (1999), “Pricing to Market, Staggered Contracts, and Real Exchange Rate
Persistence”, Working Paper No. 7026, NBER.

Betts, C. and Devereux, M. (2000), “ Exchange Rate Dynamicsin a Modd of Pricing-To-Market”,
Journal of International Economics, Val. 50, No. 1, 215-244.

Bharucha, N. and Kent, C. (1998), “Inflation Targeting in a Small Open Economy”, Research
Discussion Paper No. 9807, Reserve Bank of Australia.

Blanchard, O. and Kahn, C. (1980), “The Solution of Linear Difference Equations under Rationa
Expectations’, Econometrica, Vol. 48, No. 5, 1305-1311.

Calvo, G. (1983), “ Staggered Pricesin a Utility-Maximizing Framework”, Journal of Monetary
Economics, Val. 12, No. 3, 383-398.

Clarida, R., Gdli, J. and Gertler, M. (1998), “Monetary Policy Rules and Macroeconomic Stability:
Evidence and Some Theory”, Working Paper No. 6442, NBER.

Clarida, R., Gali, J. and Gertler, M. (1999), “The Science of Monetary Policy: A New Keynesian
Perspective’, Journal of Economic Literature, Vol. 37, No. 4, 1661-1707.

Currig, D. and Levine, P. (1993), Rules, Reputation and Macroeconomic Policy Coordination,
Cambridge University Press, Cambridge.

DeLong, B. and Summers, L. (1986), “Is Increased Price Flexibility Stabilizing?” American
Economic Review, Val. 76, No. 5, 1031-1044.



Devereux, M. and Engedl, C. (1998), “Fixed vs. Floating Exchange Rates. How Price Setting Affects
the Optimal Choice of Exchange-Rate Regime”, Working Paper No. 6867, NBER.

Devereux, M. and Engel, C. (2000), “Monetary Policy in the Open Economy Revisited: Price Setting
and Exchange Rate Flexibility”, Working Paper No. 7665, NBER.

Friberg, R. (1998), “In Which Currency Should Exporters Set Their Prices?’, Journal of International
Economics, Val. 45, No. 1, 59-76.

Froot, K. and Klemperer, P. (1989), “ Exchange Rate Pass-Through when Market Share Matters’,
American Economic Review, Val. 79, No. 4, 637-654.

Gali, J. and Monacelli, T. (1999), “Optimal Monetary Policy and Exchange Rate Volatility in a Small
Open Economy”, mimeo, Universitat Pompeu Fabra.

Hallsten, K. (1999), “Essays on the Effects of Monetary Policy”, Ph.D. Thes's, Stockholm University.

Lane, P. (1999), “The New Open Economy Macroeconomics. A Survey”, Discussion Paper No. 2115,
CEPR.

Leitemo, K. (2000), “ The Performance of Inflation Forecast Feedback Rulesin Small Open
Economies’, Working Paper 11/2000, Norges Bank.

McCallum, B. and Nelson, E. (1999), “Nominal income targeting in an open-economy optimizing
mode”, Journal of Monetary Economics, Val. 43, No. 3, 553-578.

Menon, J. (1996), “ Exchange Rates and Prices —The Case of Australian Manufactured Imports’,
Lecture Notes in Economics and Mathematical Systems, 433, Springer-Verlag.

Monacdlli, T. (1999), “Open Economy Policy Rules under Imperfect Pass-Through”, mimeo, Boston
College.

Naug, B. and Nymoen, R. (1996), “Pricing to Market in a Small Open Economy”, Scandinavian
Journal of Economics, Val. 98, No. 3, 329-350.

Roberts, J. (1995), “New Keynesian Economics and the Phillips Curve’, Journal of Money, Credit and

Banking, Val. 27, No. 4, 975-984.
45



Rotemberg, J. (1982), “Monopoalistic Price Adjustment and Aggregate Output”, Review of Economic
Sudies, Vol. 49, 517-531.

Rudebusch, G. and Svensson, L. (1999), “Policy Rulesfor Inflation Targeting”, in Taylor, J. (ed.),
Monetary Policy Rules, University of Chicago Press, 203-253.

Sack, B. and Widland, V. (1999), “Interest-Rate Smoothing and Optima Monetary Policy: A Review
of Recent Empirical Evidence’, Finance and Economics Discussion SeriesNo. 39, Federal Reserve

Board, Washington DC.

Soderlind, P. (1999), “ Solution and Estimation of RE Macromodels with Optimal Policy”, European
Economic Review, Val. 43, No. 4-6, 813-823.

Svensson, L. (2000), “Open-Economy Inflation Targeting”, Journal of International Economics, Val.
50, No. 1, 155-183.

Tille, C. (1998), “ The International and Domestic Welfare Effects of Monetary Shocks under Pricing-
to-Market”, 2nd chapter, Ph.D. dissertation, Princeton University.

Walsh, C. (1999), “Monetary Policy Trade-offsin the Open Economy”, mimeo, University of
Cdlifornia, Santa Cruz.

Woodford, M. (1999), “Optima Monetary Policy Inertid’, Working Paper No. 7261, NBER.



