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Abstract

This paper builds a baseline two-country model of real and monetary transmission
under optimal international price discrimination. Distributing traded goods to con-
sumers requires nontradables; because of distributive trade, the price elasticity of
export demand depends on the exchange rate. Profit-maximizing monopolistic firms
drive a wedge between wholesale and retail prices across countries. This entails pos-
sibly large deviations from the law of one price and incomplete pass-through on
import prices. Yet, consistent with expenditure-switching effects, a nominal depre-
ciation generally worsens the terms of trade. Moreover, the exchange rate and the
terms of trade can be more volatile than fundamentals. For plausible ranges of the
distribution margin, there can be multiple steady states, whereas large differences
in nominal and real exchange rates across equilibria translate into small differences
in consumption, employment and the price level. Finally, we show that with com-
petitive goods markets international policy cooperation is redundant even under
financial autarky.

JEL classification: F3, F4

Keywords: exchange rate pass-through, wholesale and retail services, nominal

rigidities, optimal cyclical monetary policy, international cooperation.



Non-technical summary

Cross-border relative price adjustments are at the core of the conventional wis-
dom on the international transmission, exemplified by the enduring contributions of
Friedman [1953] and Mundell [1960]. Yet, cross-border price differentials are large
and persistent, and that the law of one price fails to hold for most types of goods and
services. Most important, prices seem to respond only mildly, if at all, to changes
in the nominal exchange rate. To the extent that incomplete pass-through is due
to destination-specific markup adjustment, this is evidence of market segmentation
and pricing-to-market (henceforth PTM) by firms.

If firms optimally insulate local prices from exchange rate movements, the ex-
change rate may have a lesser impact on the relative prices of domestic and foreign
goods, in relation to what is implied by the received view. Then, to what extent
do exchange rate movements induce desirable changes in the price of foreign rela-
tive to domestic goods? What are the overall implications of endogenous PTM for
the international transmission? Does international market segmentation create pol-
icy spillovers which could motivate the need for international cooperation in policy
design?

To address these issues, we build a general-equilibrium two-country model with
nominal wage rigidities and monopolistic competition in production, in which up-
stream firms with monopoly power optimally charge different prices to competitive
retailers situated in different locations. What makes the elasticity of demand differ
across markets is the need for distribution services whose production is intensive
in local inputs. We show that this way of modelling vertical relationships among
firms located in different markets turns out to be quite effective in narrowing the
gap between open macro theory and key stylized facts of the international economy,
and leads to a number of novel results.

In our model, deviations from the law of one price at both wholesale and retail
levels derive endogenously from optimal pricing by monopolistic firms. Second, since
the price elasticity of export demand is non-linear in the exchange rate, optimal
international price discrimination leads to incomplete exchange rate pass-through.

Third, despite low pass-through, a nominal depreciation can worsen the terms of
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trade — consistent with the received wisdom about the international transmission
and the possibility of expenditure switching effects. By the same token, nominal and
real exchange rates are positively correlated in equilibrium. Fourth, the exchange
rate tends to be more volatile than fundamentals. Fifth, there can be multiple
equilibria, raising the possibility of exchange rate volatility driven by sunspots. For
a realistic range of the distribution margin, there is one steady state in which the
nominal and real exchange rate are equal to the level dictated by PPP, and two
steady states in which there are large deviations from PPP. However, because of
low equilibrium pass-through, large differences in the level of the nominal and real
exchange rates across equilibria translate into very small differences in consumption,
employment and price levels.

Including wholesale and retail services, marketing and advertisement, and local
transportation, distributive trade accounts for an important share of the retail price
of consumption goods: for the US, the average distributive margin is as high as
40 percent (see Burstein, Neves and Rebelo [2000]). In recent years, a number
of contributions have included distributive trade in open macro models in order
to account for the very low exchange rate pass-through at the consumer price level.
Yet, this literature has not analyzed market segmentation resulting from the vertical
interaction among monopolistic producers and retailers, nor its implications for the
international transmission and policy design. This is precisely the goal of this paper.

Our open economy model with endogenous price discrimination builds upon the
analytical framework of Corsetti and Pesenti [2001a,b] and Obstfeld and Rogoff
[1995, 2000a]. The specification of consumption preferences in these models is such
that terms of trade movements in response to worldwide shocks can be sufficient
to generate optimal risk-sharing: introducing Arrow-Debreu securities would not
change the equilibrium allocation. We show that this is no longer the case when we
allow for distributive trade. For such reason, the predictions and policy implications
of our model are quite different from those of the above contributions and the liter-
ature drawing on them. Specifically, monetary policy rules supporting the flex-price

allocation may not be optimal from a welfare perspective.



1 Introduction

One of the most striking stylized facts of the international economy is the magnitude
of cross-border price differentials. First, even in regions with the longest track record
of free trade, the empirical evidence shows that the law of one price fails to hold
for most types of goods and services.! Although this law fails to hold also within
national boundaries, the deviations from it are much more dramatic at the interna-
tional level — leading some researcher to talk about a specific ‘border effect’ (i.e.
the effect of switching currency across jurisdictions) on prices of tradables.? Second,
prices seem to respond only mildly, if at all, to changes in the nominal exchange
rate. Exchange rate pass-through, quite low for consumer prices, is far from com-
plete also for international prices.? To the extent that incomplete pass-through is due
to destination-specific markup adjustment by firms with market power, this is evi-
dence of market segmentation. As firms ‘price-to-market’ (henceforth PTM), buyers
across national markets face systematically different prices for otherwise identical
goods.*

While a deeper understanding of these facts is an exciting challenge to microeco-
nomic research, the evidence of large international price discrepancies raises impor-
tant macroeconomic issues. Namely, cross-border relative price adjustments are at
the core of the conventional wisdom on the international transmission, exemplified
by the enduring contributions of Friedman [1953] and Mundell [1960]. If firms op-
timally insulate local prices from exchange rate movements, the exchange rate may

have a lesser impact on the relative prices of domestic and foreign goods, in relation

!See Rogoff [1996] for an excellent survey on the evidence on the failure of the law of one price.
In his analysis of US exchange rate movements, using both consumers and producers price indices,
Engel [1999] finds that a great deal of the amount of deviations from PPP are due to a failure of

the law of one price for internationally traded goods.
2Engel and Rogers [1996] find that nominal currency movements appear to be important deter-

minants of international price discrepancies.
8 According to the evidence surveyed by Goldberg and Knetter [1997], 1/2 is the median fraction

by which exporters to the US offset a dollar appreciation by lowering their export prices.
4Krugman [1987] labeled the phenomenon of exchange rate induced price discrimination ‘pricing-

to-market’. Overall, the average degree of PTM found by Marston’s [1990] classic study of Japanese
industries is in the neighborhood of 50 percent. Similar findings are in Knetter [1989, 1993] and

Gagnon and Knetter [1995]. 3



to what is implied by the received view. For instance, Krugman [1989] notes that,
in the presence of deviations from the law of one price and incomplete pass-through,
large swings in the exchange rate may bring about only negligeable changes in the
equilibrium allocation. But what are the overall implications of endogenous PTM
for the international transmission? To what extent do exchange rate movements
induce desirable changes in the price of foreign relative to domestic goods? Does
international market segmentation create policy spillovers which could motivate the
need for international cooperation in policy design?

To address these issues, we build a general-equilibrium two-country model with
nominal wage rigidities and monopolistic competition in production, in which up-
stream firms with monopoly power optimally charge different prices to competitive
retailers situated in different locations. What makes the elasticity of demand differ
across markets is the need for distribution services whose production is intensive
in local inputs. We show that this way of modelling vertical relationships among
firms located in different markets turns out to be quite effective in narrowing the
gap between open macro theory and key stylized facts of the international economy;,
and leads to a number of novel results.

In our model, deviations from the law of one price at both wholesale and retail
levels derive endogenously from optimal pricing by monopolistic firms. Second, since
the price elasticity of export demand is non-linear in the exchange rate, optimal
international price discrimination leads to incomplete exchange rate pass-through.
Third, despite low pass-through, a nominal depreciation can worsen the terms of
trade — consistent with the received wisdom about the international transmission
and the possibility of expenditure switching effects. By the same token, nominal and
real exchange rates are positively correlated in equilibrium. Fourth, the exchange
rate tends to be more volatile than fundamentals. Fifth, there can be multiple
equilibria, raising the possibility of exchange rate volatility driven by sunspots.

Specifically, we show that for a realistic range of the distribution margin there
is one steady state in which the nominal and real exchange rate are equal to the
level dictated by PPP, and two steady states in which there are large deviations

from PPP. However, because of low equilibrium pass-through, large differences in

4



the level of the nominal and real exchange rates across equilibria translate into very
small differences in consumption, employment and price levels.

Distribution services are traditionally invoked as a key reason for the failure
of relative PPP.5 Dornbusch [1989], for instance, suggests that these services may
account for his finding that the price of an identical consumption basket is higher
in high-income economies than in low-income ones. A common objection against
this view is that the role of these services is too small to be empirically relevant,
one reason being that transportation costs associated with international trade are
quite contained. However, including wholesale and retail services, marketing and
advertisement, and local transportation, distributive trade actually accounts for an
important share of the retail price of consumption goods: for the US, the average
distributive margin is as high as 40 percent (see Burstein, Neves and Rebelo [2000]).
Strong evidence of the importance of distribution services in accounting for interna-
tional price discrimination is presented by Goldberg and Verboven [2001], based on
comprehensive and detailed data for automobile prices sold in five European coun-
tries. According to their estimates, a 1 per cent change in the nominal exchange
rate induces a 0.46 per cent adjustment in the export prices in exporter currency
(i.e., equivalent to a 0.46 pass-through coefficient). Of this, between 0.37 and 0.39
per cent can be attributed to a change in the local components of marginal costs
(i.e., incurred in the destination country).®

In recent years, a number of contributions have included distributive trade in
open macro models in order to account for the very low exchange rate pass-through at
the consumer price level.” Yet, this literature has not analyzed market segmentation

resulting from the vertical interaction among monopolistic producers and retailers,

5Recent literature has explored the role of barriers to trade and transportation costs, without
however linking them explicitly to international price discrimination. See Obstfeld and Rogoff
[2001] on the role of transportation costs in explaining major puzzles in international finance, and

the evidence in Parsley and Wei [2000] on transportation costs and the border effect.
5Goldberg and Verboven [2001] gauge that local costs are up to 35 per cent of the value of a car,

mainly due to distribution services provided by local dealers.
"Erceg and Levin [1995], McCallum and Nelson [1999], and Burstein, Neves and Rebelo [2000]

assume that distribution requires local inputs, focusing on the case of perfect competition in the

goods market.



nor its implications for the international transmission and policy design. This is
precisely the goal of this paper.

By modelling vertical relationships between firms located in different national
markets, we pursue a different approach relative to recent contributions that view
market segmentation as a direct implication of price rigidities. In this literature,
foreign exporters preset consumer prices in local currency.® One problem with this
class of models is that, while accounting for price differences across markets and
the border effect, they imply that an exchange rate depreciation should improve a
country’s terms of trade. Obstfeld and Rogoff [2000a] however find evidence at odds
with such prediction: in the data, exchange rate depreciations tend to be associated
with a worsening of the terms of trade, consistent with the traditional wisdom.

Our open economy model with endogenous price discrimination builds upon the
analytical framework of Corsetti and Pesenti [2001a,b] and Obstfeld and Rogoff
[1995, 2000a]. The specification of consumption preferences in these models is such
that terms of trade movements in response to worldwide shocks can be sufficient
to generate optimal risk-sharing: introducing Arrow-Debreu securities would not
change the equilibrium allocation. We show that this is no longer the case when
we allow for distributive trade: no equilibrium with trade in international bonds
can lead to optimal risk sharing — not even when nominal rigidities and monopoly
power distortions are removed. For such reason, the predictions and policy impli-
cations of our model are quite different from those of the above contributions and
the literature drawing on them. Specifically, monetary policy rules supporting the
flex-price allocation may not be optimal from a welfare perspective.

The paper is organized as follows. Section 2 presents the model. Section 3
discusses optimal pricing by monopolistic firms facing country-specific demand elas-

ticities. Section 4 analyzes the novel features of the equilibrium with endogenously

8 An incomplete list of papers assuming local currency prices includes Betts and Devereux [2000],
Chari, Kehoe and McGrattan [2000], Devereux and Engel [2000], and Kollman [1997], among others
(see Lane [2001] and Engel [2002] for a survey of the literature, and Corsetti and Pesenti [2001b]
for a generalization of this approach). Early contributions simply assume that foreign exporters
quoted prices in local currency. Recent work by Bacchetta and van Wincoop [2000], Corsetti and
Pesenti [2002] and Devereux and Engel [2001] analyzes the problem of producers who can choose

whether presetting prices in domestic currency only, or in both domestic and foreign currencies.



segmented markets, highlighting the result of steady state multiplicity. Section 5
and 6 study exchange rate determination and derive a set of predictions of the model
that are consistent with the main stylized facts on international prices. Section 7
characterizes the command optimum allocation and discusses the scope of monetary
policy in this model. Section 8 looks at the limiting case of no monopoly power in

the goods market.

2 The model

Goods, inputs and market structure The world economy consists of two coun-
tries of equal size, denoted H and F'. Each country is specialized in one type of
tradable goods, produced in a number of varieties or brands defined over a contin-
uum of unit mass. Brands of tradable goods are indexed by h € [0, 1] in the Home
country and f € [0, 1] in the Foreign country. In addition, each country produces
an array of differentiated nontradable goods, indexed by n € [0,1]. Nontraded goods
are either consumed, or used to make intermediate tradable goods h and f available
to domestic consumers.

Firms producing tradable and nontradable goods are monopolistic supplier of
one brand of goods only. These firms employ differentiated domestic labor inputs
in a continuum of unit mass. Each worker occupies a point in this continuum,
and acts as a monopolistic supplier of a differentiated type of labor input to all
firms in the domestic economy. Households/workers are indexed by j € [0,1] in
the Home country and j* € [0,1] in the Foreign country. Firms operating in the
distribution sector, instead, are assumed to operate under perfect competition.’
They buy tradable goods, and distribute them to consumers using nontraded goods

as the only input in production.'®

°Due to this assumption, we note from the start that the equilibrium allocation studied below
would be identical in a vertically integrated economy, where exporters with monopoly power own

local retailers.
10For notational simplicity, we ignore distribution costs incurred in the non-traded good market,

as these can be accounted for by varying the level of productivity in the nontradable sector.



Technology Let Y (h) denote total output of a differentiated tradable good h, and
L(h,j) the demand for labor input of type j by the producer of good h. By the
same token, Y'(n) denotes total production of a differentiated nontradable good n,
and L(n,j) the corresponding demand for labor input j. The production function

of the Home traded and non traded goods are, respectively:

1 o
N S I
Vi) = Zua | [ Tulh ) dy} (1)
_9P
! NESS
Yi(n) = Zny /0 Li(n,j) ¢ d]}

where ¢ is the elasticity of substitution among labor inputs, which is the same across
sectors, and Z denotes stochastic productivity parameters, which are sector-specific.
Similar expressions hold for firms in the Foreign country, whereas the elasticity of
substitution is also ¢, but the productivity shocks are not necessarily symmetric.
Our specification of the distribution sector is in the spirit of Tirole’s ([1995],
page 175) matter-of-fact remark that “production and retailing are complements,
and consumers often consume them in fixed proportions”. As in Erceg and Levin
[1995] and Burstein, Neves and Rebelo [2000], we thus assume that bringing one unit
of traded goods to consumers requires 7 units of a basket of differentiated nontraded

goods!!

w=[[ nean] 2)

We note here that the Dixit-Stiglitz index above also applies to the consumption
of differentiated nontraded goods, specified in the next subsection. In equilibrium,
then, the basket of nontraded goods required to distribute tradable goods to con-
sumers will have the same composition of the basket of nontradable goods consumed

by the representative domestic household.'?

111 a more general setting, the key assumption is that the consumer elasticity of substitution
between tradables and nontradables be higher than the retailer elasticity of substitution between

tradables and nontradables (see Burstein, Neves and Rebelo [2000]).
12For simplicity, we do not distinguish between nontradable consumption goods that directly enter

the agents’ utility and nontraded distribution services, that are jointly consumed with goods. This
distinction may however be important in more empirically oriented studies (e.g., see MacDonald

and Ricci [2001]). 3



Preferences Home agent j’s lifetime expected utility ¢/ is defined as:

ui) =my o, (), Y20 )0, ®)

where 0 < 1 is the discount rate and the instantaneous utility U is a positive
function of a consumption index C(j) — to be defined below — and real balances
M (j) /P, while is a negative function of labor effort ¢(j). Instantaneous utility is
state dependent, as indexed by the vector of random variables £2;. We assume the

following additively-separable parameterization:

My (5)
P
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We allow for velocity shocks in the form of a stochastically varying utility of real
balances, and shocks to the disutility of labor. Thus we have €, = {x¢, x;}. Foreign

agents’ preferences are:

* * [ ok 1—¢
Ui (j EtZﬂ”[lnC*«*) X (prff)) —m::mj*)] (5)

1—-¢
where the discount rate (3 is the same as in the Home country, but shocks to velocity
X3 and the disutility of labor kf (hence the natural rate of unemployment) can be
different across countries.

Households consume all types of (domestically-produced) nontraded goods, and
both types of traded goods. So, C¢(n,7) is consumption of brand n of Home non-
traded good by agent j at time t; Cy(h,j) and Cy(f,j) are the same agent’s con-
sumption of Home brand A and Foreign brand f. For each type of good, we assume
that one brand is an imperfect substitute to all other brands, with constant elasticity
of substitution § > 1. Consumption of Home and Foreign goods by Home agent j is

defined as:

0
7T
Cnpi(j) = / Cy(n,j) GT n] ,
0
. u 6—1
Cus(j) = /Cthj 9 } ,
-
0— 6—1

Cry(j) = /Ct (f,7) ) }

Consumption of different goods by Foreign agent j* — Cf(n,j*), Cf(h,j*) and
C¢(f,5*) — and the corresponding consumption indexes — CY ,(5*), Cf;,(5*) and

Ct 1 (j*) — are similarly defined.



The utility from consumption of tradable goods of individuals j and j* is:
Cra(d) = 20m4()2Cra()Y?, - Cha(5%) = 205, 2CE, ()2 (6)

Note that, consistent with the assumption that each country specializes in the pro-
duction of a single type of traded good, the elasticity of substitution between goods
produced in different countries (set equal to one) is below the elasticity of substitu-
tion among goods produced in one country (6 > 1). The full consumption basket in

each country is

Cr4(j)Cxn ()7

o ORVCE G
T, Ci(j")=—" ak
7 (1=7)

V(1=

Ci(y) = 0<y<1
(7)

including both traded and non traded goods with weight v and 1 — v, that are the

same in every country.

Price indices Let pi(h) and pj(h) denote the retail price of brands h expressed in

the Home and foreign currency, respectively. The utility-based consumption price

indexes arel?

zm—meHMﬁ, %ﬁM%WWT% ®)

The price indexes Pxy, PR, Pry and Py, are analogously defined. By the same

token, we hereafter write the utility-based price indexes of tradable:
1/2 51/2 X « \ /2 (5 \1/2
Pry = Py{P7, Pry= (PH,t> (PF,t) (9)
and the utility-based CPI:

Po= PP R = (Pr) (Pa) (10)

it

13The price index is the solution to the following Home goods’s expenditure minimization problem

for the Home consumer j

1
MZTL/ .PHYtCt(h,])dh s.t. OH,t =1
0
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Households’ budget constraints and asset markets Home agents hold Home
currency M, two international bonds, By and By, respectively denominated in Home
and Foreign currency, and a well-diversified portfolio of domestic firm. They earn
labor income W/ and pay non-distortionary (lump-sum) net taxes 7', denominated
in Home currency. The individual flow budget constraint for agent j in the Home

country is:'4

M(j) + Bug+1(J) + EBr+1(J) < Mp—1(j) + (1 4 i) But(j) (11)
+(1+14;)EBr(j) /thdh+/ﬂnjdn+
Wi(5)6(5) — Te(5) — PutCni(j) — PriCri(d) — PxiONe(5)

where &; is the nominal exchange rate, expressed as Home currency per unit of
Foreign currency; i; and ¢} are the nominal yields in Home and Foreign currency, paid
at the beginning of period ¢ but known at time ¢ — 1; and [ II(h, j)dh + [II(n,j)dn
is total dividend revenue from equities, from all firms A and n in the economy. A
similar expression holds for the representative individual j* in the Foreign country.

The international bonds are assumed to be in zero net-supply. Thus we have
/ Buy,(j d]+/ By (") dj* = / Br4(j d]+/ Br(5%)dj* =0
(12)

so that in the aggregate By = _Bﬁ,t and Bp; = —Bﬁt.

Government budget constraint and policy instruments The government

budget constraint in the Home country is:

1 1
| 0G) = M di + [ T =0 (13)
0 0

whereas we abstract from government spending, and seigniorage revenue is rebated

to households in a lump-sum fashion.!®

4 The notation conventions follow Obstfeld and Rogoff [1996, ch.10]. Specifically, M (j) denotes
agent j’s nominal balances accumulated during perod t and carried over into period ¢ 4 1, while
Bu,(j) and Br,:(j) denote agent j’s bonds accumulated during period ¢ — 1 and carried over into

period t.
5The model could be extended to encompass government spending and public debt. A fiscal

shock, modeled as random fluctuations in government spending, is isomorphic to productivity shocks

(see Corsetti and Pesenti [2001a]). 1



In order to characterize monetary policy, it is convenient to define a variable py
such that
1 , 1
o B +ir1)Er (Mt_ﬂ) (14)
Given the time path of i, there is a corresponding sequence of Home nominal interest
rates. Without loss of generality, we assume that the government affects the stock
of Home monetary assets by controlling the short-term rate i;4.1: Home monetary
easing at time ¢ leading to a lower i;,1 is associated with a higher j;.'6 Similar
considerations hold for the Foreign country, where the government is assumed to

control the interest rate iy ;.

Household optimization and wage setting The Home agent j chooses a con-
sumption plan, a portfolio plan and a wage rate, so as to maximize (4) subject to
the budget constraint (11) and total labor demand (87). An analogous optimization
problem is solved by Foreign agent j*. The full characterization of these problems
is presented in the Appendix. Hereafter, we discuss the choice of an optimal wage
rate in the presence of nominal rigidities.

In our baseline model, we allow for nominal rigidities by assuming that workers
and firms agree on the nominal wage rate one period in advance.!'” As in Obstfeld
and Rogoff [2000a], the first order condition for the optimal wage contract yields
¢ B (kele()))

e (mé)

With a competitive labor market, the nominal wage rate equates the disutility of

Wi(j) = (15)

labor to the marginal utility of consumption of an additional unit of nominal revenue.
Because of workers monopoly power, the wage rate is set with a markup ¢/ (¢ — 1)

over the expected utility cost of labor effort, expressed in units of domestic currency.

16With logarithmic utility, in equilibrium p: is equal to nominal spending P;Cj.
17Christiano, Eichenbaum and Evans [2001] and Smets and Wouters [2001] are recent structural

models providing convincing evidence that price stickiness induced by wage stickiness is an im-
portant determinant of persistent macroeconomic fluctuations. Here we abstract from issues in
inflation dynamics that could be analyzed, for instance, by assuming Calvo-style adjustment of

prices or wages. See Kollman [1997] and Chari et al. [2000] among others.
12



Having set the wage rate optimally, workers stand ready to provide any amount of
labor to firms at the ongoing rate, as long as the real wage is above the marginal
disutility of labor. We restrict the size of shocks in such a way that this will always

be the case.

3 Pricing-to-market and incomplete pass-through

3.1 Firms’ optimization and optimal price discrimination

International price discrimination is a key feature of the international economy cap-
tured by our model. In what follows we show that, even if the elasticity of substitu-
tion # among different brands of type h (f) good is both constant and equal in the
two countries, the need for distribution services intensive in local nontraded goods
implies that the elasticity of demand for the h (f) brand at wholesale level is not
necessarily the same across markets. In general, firms will want to charge different
prices at Home and in the Foreign country.'®

Consider first the optimal pricing problem faced by firms producing nontradables

for the Home market. The demand for their product is
C(n)+n(n) = [p(n)] 7 P4, [Cx s+ (Cre + Cry)] (16)

It is easy to see that their optimal price will result from charging a constant markup

over unit labor cost:

0 W

pe(n) = Py = mm (17)

Note that nominal wage rigidities do not translate into price rigidities: the nontraded
good prices p;(n) in fact move inversely with productivity in the sector. Yet, p(n)
does not respond to contemporaneous monetary shocks. An analogous expression
characterizes FY ;.

A notable feature of our specification is that, because of distribution costs, there
is a wedge between the producer price and the consumer price of each good. Let

7;(h) denote the price of brands h expressed in the Home currency, at producer level.

'8 Bergin and Feenstra [2001] assume a class of preferences that exhibit a non-constant demand

elasticity in order to study the quantitive impaci ??f PTM on real exchange rate persistence.



As we assume a competitive distribution sector,'” the consumer price of good h is

simply
pe(h) =By(h) + NPy (18)

To derive “pricing to market” by firms producing tradables, we proceed in two
steps. In this subsection, we solve the unconstrained optimal pricing problem of the
Home representative firm. In the next subsection we will study the implications for
optimal pricing of the possibility of arbitrage across retail and wholesale markets in
different countries. In the unconstrained case, the Home representative firm in the

tradable sector solves the following profit maximization problem
Mazyp)prny  [Pe(R)Ci(h) + Epy (R)CF (h)] = ——[Ci(h) + C{(h)]  (19)

where

P 7] P 0
am=(—Tu N crm= (i Vo
t(h) (m(h)mPN,t) e CE) <ﬁ:<h>+nP§,t e (20)

Making use of (17), the optimal wholesale prices p(h) and p*(h) are:

_ . 0 n Zuz\ Wi
- . 0 n EWS Zuy Wy
arh) =55 (1 1w Z;Lt) Ziy (22)

Different from the case of nontraded goods, markups in both markets have a state-
contingent component (in brackets in the above expression), that varies as a function
of productivity shocks. In addition to productivity shocks, the markup in the foreign
market also responds to monetary innovations and relative wages.

With n > 0, the elasticity of the demand for the Home goods is not necessarily
the same at Home and abroad: it will be different in the presence of any asymme-

try in relative productivity and/or relative wages. As the monopolistic firm takes

19Tt is easy to show that allowing for monopoly power in the retail sector would imply double
marginalization at consumer prices. However, as retailers face a constant-elasticity demand, their
markup over marginal cost would be constant. Therefore, the double marginalization would in-
fluence only the expressions for the level of consumer prices, while leaving all our main results

substantially unaffected.
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into account the implications of distributive trade on the demand elasticity for its
product, it finds it optimal to charge different wholesale prices to firms distributing
in the Home and in the Foreign market. In general, the optimal (desired) prices of
intermediate tradable goods will not obey the law of one price (p;(h) # Ep;(h)).2°

Specifically, in the export market, the price elasticity of the demand for the good

h is a non-linear function of the exchange rate:

1+ ﬂ EWS Zny

LAG W P, p*(h) _ W o
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t Nt

This expression shows that a relatively appreciated Home exchange rate (a low &)
corresponds to a relatively large price elasticity of the demand for export. Observe
that the above price elasticity converges to 8 > 1 for extreme rates of Home currency
appreciation (a very small &), while converges to 1 for extreme rates of Home
currency depreciation (a very large &).

Conversely, in the Home market, the price elasticity of the demand for the good

h only depends on relative productivity levels across sectors:

Z 2
9Cy(h) pr(h) _g pe(h) _ 1+ e—”_—lzﬁi (24)
op(h) Ce(h) — " pe(h) +0Pxg 1 4 gty i
- N,t

Note that the price elasticity in either market can be seen as a monotonic function of
the distribution margin, defined as the share of distributive trade in the consumer
price of the good h. This margin is equal to nFPY,/p;(h) and nPx¢/pt(h) in the
export and the domestic market, respectively. The higher the distribution share,
the lower the price elasticity. Analogous considerations apply to optimal pricing by

Foreign firms in the Home and the Foreign markets.
3.2 Optimal pricing in the presence of arbitrage between retail and
wholesale markets

While charging (21) and (22) would maximize firms profits, arbitrage in the good

markets may prevent optimal price discrimination between domestic and foreign

20Note also that in our specification the marginal cost of producing the good h is constant,

regardless of destination.
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dealers.?! We now analyze under what conditions arbitrage becomes a constraint on
the pricing strategy by monopolistic producers. Consider the consumer price of the
good h in both markets, calculated adding the distribution costs (nPyx and 7n*PY)
to the optimal producer prices above:

0 0 Zus\ Wy

0 EW ZH¢> W, (26)

. 0
fri(h) =55 (1”0—1 Wo 2%, ) Zng

If the representative Home firm set the wholesale price in the Foreign country above
the consumer price of its own good in the Home country, firms distributing the good
h in the Foreign country would find it profitable to buy it from Home retailers rather
than in the wholesale market.?? But this implies that optimal price discrimination

is possible only as long as the following no-arbitrage conditions are verified:

Emi(h) = & (Pi(h)+nP%,) = pi(h)

pe(h) = pe(h) +nPny = Ep; (h)
Using optimal prices, these conditions can be synthetically written as
< PR (27)

According to this expression, for given relative nominal marginal costs in the non-
traded goods sector, a large depreciation of the nominal exchange rate could reduce
the Home consumer price of h in Foreign currency below the optimal export price
P (h) — violating the second inequality above. In that case, arbitrage in the goods

market would force the domestic price and the foreign wholesale price to be set

2'We are assuming that markets can be segmented along national lines. However, in our model
this assumption can be easily justified with a system of selective and exclusive distribution, in
which the manufacturer can choose his/her dealers and restrain them from reselling to anyone but
end-users. For instance, Regulation 123/85 of the European Commission has allowed these kind
of practices in the European Union to some extent (see Goldberg and Verboven [2001] for the

implications of the Regulation in the European car market).
22Tt is easy to verify that it can never be profitable to buy the h good at the Home (Foreign)

retail price, and sell it at the Foreign (Home) retail price after paying distribution costs. There is

no arbitrage opportunity across retail markets.



equal to each other: pi(h) = &p;(h). By the same token, a large appreciation of the
exchange rate could reduce the foreign retail price of h in the Home currency below
the wholesale price at Home. In this case, ruling out arbitrage requires firms to set
pe(h) = &y (h).

Leaving to the Appendix the characterization of prices when shocks are such that
the no-arbitrage condition is binding, we provide an intuitive account of our main
results. Suppose that to rule out arbitrage Home firms must set: p;(h) = &p;(h).
Relative to the optimal prices (21) and (22), Home firms will now raise p:(h) above
(21) while lowering py (h) below (22). As the two prices cannot be set independently,
the drop in the markup in the foreign market is partly offset by a higher markup at

home.?3

3.3 Exchange rate pass-through

In addition to explaining deviations from the law of one price, distribution costs also
have important implications for the optimal degree of exchange rate pass-through.
Assume at first that the no-arbitrage condition (27) is satisfied as a strict inequality.
Other things equal, the change of producer prices in response to exchange rate

movements is:

ap; (h)
pi(h) 1
_ — 1 28
% 1+ n Zug EW < ( )
& 0-12%, Wi

For given wages and productivity shocks, the degree of exchange rate pass-through
on import prices is less than 100 per cent. At consumer price level, it is even lower,
as the denominator of the above expression is augmented by 7Py, that is, the second
term in the denominator is multiplied by 6 > 1.

Note that the right-hand side of the above expression is just the inverse of the
state-contingent component of the markup charged by Home firms in the export
market. Clearly, anything that increases the Home-export markup will dampen

the effect of the exchange rate on Home-export prices. So, a relatively appreciated

Z3Even when the no-arbitrage condition is binding, wholesale prices will still be different in the
Home and Foreign markets: when distribution services are required, the law of one price never

holds.
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exchange rate (a low &), a low monopoly power (a high 6), or a small need for
distribution services (a low 7)) all imply a relatively small markup charged in the
export market, and a correspondingly high degree of exchange rate pass-through.

Allowing for arbitrage between the retail and the wholesale markets reinforces our
results. As discussed in the previous section, when the exchange rate depreciation is
large enough, Home firms will set the foreign wholesale price equal to the domestic
consumer price. To the extent shocks cause Home firms to raise the Home price of
their goods, the degree of pass-through will clearly be even lower than implicit in
(22).

Below we will show that, in general equilibrium, the above expression holds in
the presence of nominal shocks, and productivity shocks in the Home nontradables
and Foreign tradables sectors. For a general specification of the joint distribution of
all shocks, exchange rate pass-through cannot be captured in such a simple way —
although it will still be incomplete.

Clearly, nominal shocks have have real effects only because of nominal rigidities.
Without wage contracts, nominal shocks would not alter relative wages (the ex-
change rate and the wage rate would move in opposite direction), and pass-through
would be 100 per cent. Conversely, firms’s willingness to engage in price discrimina-
tion across markets is independent of the presence of nominal rigidities. Even if all
prices and wages are fully flexible, price differentials would still reflect productivity
differentials across sectors, as well as wage differentials arising from country-specific

shocks.

4 Equilibrium characterization

4.1 Equilibrium conditions

In this section we characterize the equilibrium of our economy and study the features
of deterministic steady states. We focus on symmetric equilibria within a country
(though not necessarily symmetric across countries): we hereafter drop the indexes
j and j* and interpret all variables in per-capita (or aggregate) terms.

The world equilibrium is characterized as follows. Given the stochastic processes
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driving monetary stances (u; and pf) and the shocks to productivity and preferences
(all the Z’s, x¢, X7, k¢, and k}), and given the initial holdings of bonds (By and
Brp) and money (Mo and Mg) , for ¢ > 0 the equilibrium is a set of processes
for the nominal exchange rate &, the Home allocations and prices (I, Cuyt, Cry,
CNyty My, Bu+1, Br iy, ?H,t, ?ﬁ’t, Px+ and W;) and their Foreign counterparts
(1F, Chips Ok ORypr My, Biigins Bi gy, ?;,t: Pry, P, and WY) that (a) satisfy
the Home and Foreign consumers’ optimality conditions, (b) maximize firms profits,
(c) satisfy the market clearing conditions for each asset and each good, in all the
markets where it is traded, and (d) satisfy the resource constraints.

For convenience, Table 1 presents a subset of equilibrium conditions that com-
pletely characterize the model. In the table, A;,; denotes Home non-monetary

wealth at the beginning of time t 4 1, that is

Apy1 = (14 ig41) Bugsr + (L4 451)E1 Broga; (29)

A" is similarly defined. Equations (32) state the risk-adjusted uncovered interest
parity condition, where we have used the fact that in equilibrium p; = P,Cy and
ui = PFCY. Note that in the absence of uncertainty, the uncovered interest parity

conditions become:

-1 .
E iy 1+
&1 41

B M1 1+ i1
Finally, equation (33) is the bond market clearing, while (1) is the current account
(see the Appendix for a derivation).

Now, for given wages, the nominal exchange rate and external borrowing are
simultaneously determined by (32), (1) and (33). Employment and consumption in
both countries (corresponding to the expressions (35), (37), (36) and (38)) can be
derived as a function of exogenous shocks, wages and the nominal exchange rate. In

each country, the domestic nominal wage rate is preset given the joint distribution

of employment, x (or £*) and domestic monetary shocks.

4.2 Price elasticities of export demand and equilibrium multiplicity

Consider a deterministic steady state in which external wealth is zero, i.e. By =

Br = 0, so that the trade balance is zero, and all exogenous variables are set equal
19



Table 1: The solution of the model
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to constant values, symmetric across countries. By combining (32), (1) and (33) we

can solve the balanced trade condition for the exchange rate:

1_ n
@SW*+H_9
w —1
g=t__Zr . (39)
[ [——
LW _|__7]9_
Zy EW* 0—1

Observe that the exchange rate is a non-linear function of relative monetary policy
stance p/p* and relative productivity.

The following proposition characterizes the solution to the exchange rate equa-
tion in a non-stochastic steady state, and establishes that our economy can have

either one or three steady states.

- Zr _ Zu

Z
Proposition 1 If Koy 2T and & = 1, there always exists a
L

7N N
_ ke
W* - K* ¥
and the consumption and labor allocation as determined by equations (35) and (37)

steady state in which

=1, the nominal exchange rate £ s equal to 1,

are equal across countries. Moreover, when the exchange-rate elasticity of imports
expenditure is larger than the exchange-rate elasticity of exports expenditure in Home

currency, both evaluated at the symmetric equilibrium with £ = 1

[B(PFCF) £ ] . la(sﬁﬁqﬁl) £ (40)
o0& PrCr 1 - o0& EPﬁCﬁ 1 ’
there will be two more steady state equilibria in which —— = 1, but the nominal

W*
exchange rate is equal to &, and &, respectively, where &, > 1, and 0 < & < 1.

The consumption and labor allocation, as determined by equations (35) and (37),

will differ across countries.

A sketch of the proof is as follows.2* The equilibrium condition (39) can be

written as
EW* Z
e W 2oy [y n EW
O W Ze BT W 2 |
To—1ew Zn To—1Tw zg

24To save space, we have not included a fomal proof, that is however available upon request.
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which, by (23) and the analogous expression for the Home demand for Foreign goods,
is a function of price elasticities of Home imports and exports:

oce Pe| [ acy By
oPs Cr | ' T | 0B ¢

1 g, (42)

The balanced trade equilibrium condition is clearly violated when the exchange rate
is either strongly appreciated (€ is very low) or strongly depreciated (& is very high).
In the first case, the left-hand side of the above expression will be larger than the
right-hand side, corresponding to a Home trade deficit. In the second case, the
opposite will be true and the Home trade balance will be in surplus.

Now, reminiscent of the Marshall-Lerner condition, expression (40) implies that a
small depreciation around a perfectly symmetric equilibrium with £ = 1 will locally
increase the value of imports of the Home country above the value of its exports.?®
But we have seen above that, for a Home exchange rate that is depreciated enough,
the value of Home exports will always be larger than the value of imports. Hence,
there will be some &, > 1 such that the balanced trade equilibrium condition is

satisfied. By symmetry, this must also be true at some & < 1.26

Key to our multiplicity is that markets are incomplete and the exchange-rate
elasticity of export and import demand are non-linear in the exchange rate. We
have shown above that the price elasticity of demand in the foreign market is mono-
tonically related to the size of the distribution margin. For instance, the equilibrium
is unique when 7 is sufficiently low — that is, the distribution margin in the con-
sumer price is sufficiently small, so that the foreign demand for the Home good is
sufficiently elastic. It follows that the condition for multiplicity of equilibria cannot

be verified when n = 0.

*In terms of parameters and exogenous productivity levels, condition (40) implies that (for
9<6<00):

0-3)—+/62_10019 ZN 0-3)+1/02 10049 4N
(9_1)(>T+Z_T <n§(9_1)()+T+Z_T_

26Starting from our specification with 7 = 0 (that is, looking at the class of models similar to
Obstfeld and Rogoff [2000a]), it can be shown that multiplicity cannot be obtained by simply mod-
ifying preferences, i.e. by increasing the share of nontradables in utility and making the elasticity
of substitution between tradables and nontradables different from 1.
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The specific features of the asymmetric equilibria shed light on the far-reaching
implications of international price discrimination. In these equilibria, either coun-
try has better terms of trade and can therefore afford a larger volume of imports,
enjoying higher consumption. Consumer prices are below their level in the per-
fect symmetric equilibrium, but because of imperfect pass-through and distributive
trade, the difference reflects only a small fraction of the large difference in the nom-
inal exchange rate. Across equilibria, consumption and employment differ slightly,
compared to the magnitude of differences in the real exchange rate.

These features are best illustrated by means of a simple numerical example.
We exactly solve for the model steady state by assuming that labor is 4 times as
productive in the tradable sector relative to the nontradable sector — namely, we
set g—]TV = 4; the values of n and 6 are set equal to 1/2 and 10, such that markups
vary between 25 and 50 percent, and the distribution margin is between 50 and 60
percent across sectors — a number that is not far from available estimates for the
US and OECD countries. Tradables and nontradables are given the same weight in
consumption, i.e. v = .5. Relative to the perfectly symmetric equilibrium, there
is a second equilibrium in which the Home nominal and real exchange rates are 41
and 36 per cent stronger, respectively, while the Home terms of trade is 28 per cent
lower. Yet, because of distributive trade, aggregate consumption and employment
are relatively unaffected — they are 3 and 1 per cent higher relative to their values
in the symmetric equilibrium, respectively. Despite the extremely large differences
in the exchange rate and relative wages, Home CPI is only 3 per cent lower!

It is worth stressing that the proposition above also establishes the possibility
of multiple temporary equilibria in a version of our model under financial autarky,
but without nominal rigidities — so that (30) and (31) in table 1 are replaced by

the expressions below:

¢) * d) * ok
Wt:¢_1“tﬂt7 Wy :¢_1“tﬂt- (43)

In such an economy (39) yields the value of the exchange rate at each point in time.

Further research is clearly needed to check the robustness of multiplicity to
changes in the specification of the model, and verify whether condition (40) or its

analog in an economy with bond, is qualbtg'tatively reasonable (see Corsetti, Dedola



and Leduc (2002)). Yet, the interest of this result is apparent. In the presence of
multiple equilibria, the same fundamentals could correspond to different allocations
and nominal and real exchange rates. Thus, persistent deviations from PPP could
arise from sunspots coordinating agents expectations on one of the possible equi-
libria. Moreover, monetary or real shocks could move the economy from a unique
equilibrium, to a region of multiplicity, and vice versa. Finally, there are relevant
policy implications. Limiting exchange rate movements — whether or not coordi-

nated at the international level — may rule out multiplicity altogether.

5 Exchange rates and relative prices under financial au-

tarky

5.1 Exchange rate volatility

In order to understand how the exchange rate and the terms of trade respond to
shocks in our economy, we find it convenient to start our analysis by focusing on
a decentralized equilibrium under the assumption of financial autarky. As we will
see below, most results under financial autarky are qualitatively identical in our

2T With no trade in assets, however,

economy with international trade in bonds.
our model becomes relatively more tractable, so that we can simplify exposition.
In addition, the static version of our model below is directly comparable to many
recent contributions in open macro that, by assumption or endogenously, rule out
current account dynamics (see Corsetti and Pesenti [2001a], Heathcote and Perri
[2000] and Obstfeld and Rogoff [2000b]).

In what follows, we first derive the exchange rate response to nominal and real
shocks, showing under what conditions the nominal exchange rate will be more
volatile than the underlying shocks to fundamentals. In the next subsection, we
will show that, notwithstanding the low pass-through, exchange rate movements are

associated with changes in relative prices: nominal depreciations tend to worsen

the terms of trade. We then analyze the volatility of these variables in equilibrium.

2"In the case of permanent real shocks, uncontingent nominal bonds are actually useless to hedge

risk, and the response of the economy is the same as under financial autarky.
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Finally, we will show that nominal and real exchange rates be positively correlated
in equilibrium. Throughout our analysis, we will restrict parameter values as to
ensure a unique equilibrium.?®

Under no trade in financial assets, the exchange rate is determined by the
balanced-trade condition, whose solution thus coincides with the exchange rate in a
deterministic steady state (39). Linearizing the counterpart of (39) around a sym-

metric equilibrium with Zg = Zr = Z1 and equal wage levels across countries we

obtain:

5 _ i +UZ 2(& + Wy — Wt)+ZN,t+2Ht_21§,t_ZI§,t
t=H t
N (1+9 1Z)(1+0 1Z>

Consider first the response of the exchange rate to permanent shocks to monetary

policy, in the form of an unexpected innovation to the ratio of u to p*. It is easy to
see that, in the long run, the nominal exchange rate moves one-to-one with relative
monetary stances. As all prices are ex-ante flexible, money is neutral: relative wages
do not respond to anticipated monetary innovations, and the term &+ Wt* — T//[\/t in
the expression above disappears. In the short run, instead, (given nominal wages)

the impact on the nominal exchange rate can be written as:

) (1+ 7% )(1+—”9—51) .

Holding the condition for uniqueness of equilibrium, the coefficient multiplying the
relative monetary shock in the above equation is always positive and larger than
one. On impact, a permanent monetary expansion depreciates the nominal exchange
rate by more than its long-run value, generating expectations of appreciation in the
29

future.

In response to real productivity shocks, the exchange rate jumps to its new

28Relative to the parameters’ values assumed in our numerical example in the previous section,
a unique equilibrium can be obtained by lowering slightly the distribution margins, e.g. setting

17 =1/3 instead of n = 1/2.
2%Note that the above result is not directly comparable with Dornbusch’s overshooting. Without

trade in financial assets the uncovered interest parity does not hold. Moreover, by definition of p,

permanent shocks to this variable affect neither Home, nor Foreign interest rates.
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equilibrium value on impact:

& = (1+0_7_7_1%> (11%%) _277% [ZN,t‘i‘ZH,t_?ltI,t_ZI?,t]

N N N (45)
The response to shocks to the traded and the nontraded sector is symmetric: on im-
pact, the nominal exchange rate depreciates with any domestic productivity shock,
while appreciates with any Foreign shock. Intuitively, a positive shock to produc-
tivity in the Home tradable sector reduces the wholesale price of the Home goods in
the Foreign market. Although the retail price also falls, increasing Foreign demand,
the value of export drops: for a given value of Home imports, balanced trade in
equilibrium requires a depreciation of the exchange rate.

By the same token, a positive productivity shock to the Home nontradable sector
reduces unit distribution costs in the Home market, raising the price elasticity of
Home demand for imports: import prices tend to fall. However, because of falling
distribution costs, retail prices fall by more, boosting Home import demand. Then,
the exchange rate must depreciate to ensure a zero trade balance. Note that the size
of exchange rate movements in response to productivity shocks is amplified when 7

and 6 are relatively high.3°

5.2 Terms of trade

Consider now the link between nominal exchange rate movements and the terms
of trade. The latter can be written as the product of two ratios: the first is the
ratio between the markup charged by Foreign producers to Home retailers and the
markup charged by Home producers to Foreign retailers. The second is the ratio
between marginal costs of tradables in the two countries. When (27) holds as a

strict inequality — i.e. the no-arbitrage condition is satisfied, we have:

~ 1 + n ZF,t Wt gtWt*
Py 0 —12Zx, EW; | | Zry (16)
1 + n ZH,t gtWt* Wt

9—121*\}715 Wt ZHt

39When the Marshall-Lerner conditions are locally violated, instead, the response of the exchange
rate to nominal and real shocks may change sign even for equilibria that are in a neighborhood of
the symmetric steady state. Clearly, for parameters’ values close to those that make the sign switch,

the exchange rate becomes extremely volatile.



Note that the expression above is the same under perfect competition in the goods
market () — o00) as with no distribution services (n = 0).3! The effect of 1 on
the elasticity of foreign demand for Home products is relevant to pricing only when
Home firms have monopoly power.

Clearly, for a nominal depreciation to worsen the terms of trade, the impact of
exchange rate movements on relative marginal costs must be larger than the relative
markup adjustment by foreign and domestic firms. Linearizing the above equation
around a symmetric steady state, we obtain

7 (1-75) @G-+ W)+ (Zua- 22) - 72 (B - 25

—r — 7
EP, H,t 1+ -1 (47)

where, conditional on the shock, & is given by (44) or (45). Under mild conditions
on the degree of monopoly power and distribution margins, such that n < 6 — 1, the
coefficient of & in the above expression is positive. Hence, monetary shocks induce
a positive correlation between the terms of trade and the exchange rate.

The correlation between the terms of trade and the nominal exchange rate is
also positive in the presence of real shocks to productivity in the Home tradable
sector. As these shocks unambiguously depreciate the nominal exchange rate, they
worsen the terms of trade both directly (second term on the right-hand side of the
expression above) and through their effect on €. For this reason, it is possible that
shocks to the tradeable sector cause the terms of trade to be more volatile than &£.

Conversely, the correlation between £ and the terms of trade induced by shocks
to productivity to the Home nontradable sector is not necessarily positive. While
unambiguously depreciating the nominal exchange rate, these shock also have a
positive effect on the terms of trade. This is because, by reducing the cost of
distributive trade in the Home market, they raise the price elasticity of the Home
demand for Foreign products. A higher price elasticity tends to lower the optimal
price charged by Foreign wholesalers. This latter effect is small when 1/ (6 — 1) is

reasonably low, so that it is not likely to be strong in practice. Nonetheless, its

3'However, = 0 implies a rather different exchange rate determination: £ becomes a function
of relative monetary stances only. Hence, the indirect effect of the exchange rate on the terms of

trade is also different.
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presence implies that the volatility of the terms of trade in response to shocks to

nontradables tends to be lower than the volatility of £.

5.3 The real exchange rate

By using the definition of the real exchange rate, we can write

* * * * 1-
&P &PT, Py Pry) _ EPr,\ (Pl Prs\ (48)
1Dt PT,t P’f‘,t Pt PT,t P’f‘,t PN,t

In our model, movements in the real exchange rate are due to both movements in

the relative price of traded goods across countries, and to movements of the relative
price of tradables in terms of nontrables. This is in sharp contrast with models
adopting a similar specification, but not allowing for distributive trade. By setting
n = 0, in fact, there would be no deviation from the law of one price. The first term
on the right-hand side of the above definition would be constant, and the variability
of the real exchange rate would only depend on the variability of the relative price
of nontradables within each country — a prediction that is inconsistent with the
findings for the US real exchange rate in Engel [1999].

Consider now the response of the real exchange rate to nominal shocks. Lin-
earizing the real exchange rate around a symmetric steady state, we obtain:

s\ la- >+%"Z—T}
(%)%

&, (49)

where & is given by (44). Since 0 < 7 < 1, this expression shows that monetary
shocks always move nominal and real exchange rates in the same direction. Thus,
an unexpected monetary expansion at home will bring about both a nominal and a
real depreciation. However, since the coefficient of &, in the above expression is less
than one, the real exchange rate will move by less.

With shocks to traded and nontraded productivity, we have, respectively:

(52) - |1~ 7y | &

(50)



where &, is given by (45). We have seen above that, regardless of the sector in which
they occur, domestic productivity shocks always depreciate the nominal exchange
rate. It is then apparent from the above expressions that they also depreciate the
real exchange rate. Observe that the real depreciation will be attenuated in the case
of shocks to Z 4, relative to the case of shocks to Zn ;.

Together, the above results imply that the real exchange rate and relative con-
sumption be negatively correlated in the presence of nominal disturbances and shocks
to tradable goods production. To see this, note that in our model the real exchange
rate can also be written as:

b & Gy
P, me Cf

(51)

We have shown above that, in response to shocks to Z, the real exchange rate moves
less than the nominal one, that is gt]i}* < & (while iy = pif = 0). Then, it must

o~

be the case that the ratio of Home to Foreign consumption gli- comoves negatively
t

with &TIF' Key to this result is the high variability of the terms of trade implied

by our setup with distribution costs — we further explore this issue in related work

addressing the Backus and Smith puzzle (see Corsetti, Dedola and Leduc [2002]).32

6 Equilibrium under alternative asset structures

In this section, we analyze our model under alternative specifications of the asset

markets. We carry out numerical exercises assuming financial autarky, trade in

32 As first pointed out by Backus and Smith [1993], in the data there is virtually no correlation be-
tween relative consumption levels and real exchange rates. Clearly, this empirical regularity cannot
be explained by models allowing for trade frictions but relying on complete asset markets: in such
a setup, efficient risk-sharing would imply higher consumption levels for countries that experience
a fall in the real price of consumption. Relative consumption levels across countries would then be
perfectly correlated with the real exchange rate. What is less obvious is that the ‘Backus-Smith
anomaly’ would not be explained by simply combining nontradability with incomplete markets
frictions. Important examples are provided by Obstfeld and Rogoff [2001] and Chari, Kehoe and
McGrattan [2000]. According to the numerical results in the latter contributions, limiting inter-
national asset trade to bonds only does not seem to matter for the correlation between relative
consumption and the real exchange rate — that remains high and positive as in their complete

market specification.

29



uncontingent nominal bonds, and trade in nominal claims contingent on real and
monetary shocks — i.e., claims to receiving one unit of currency in each state of na-
ture. We study the response of our economy to unexpected nominal and real shocks,
defined as a 1 per cent deviation from their initial steady state values, allowing for
both permanent shocks and temporary shocks (that last only one period). When
trade in assets is limited to nominal uncontingent bonds, it is well known that the
effects of shocks on the wealth distribution across countries will generate an endoge-
nous dynamics (see Obstfeld and Rogoff [1996], Chapter 10). Thus, we solve for
the equilibrium path assuming that after the shock realization the economy evolves
under perfect foresight to its new steady state, characterized by a different world
distribution of wealth. When shocks are permanent, this adjustment is obviously
immediate.

As discussed above, multiple equilibria are possible in our model depending on
the size of the distribution margin. It turns out that we can rule out multiplicity by
choosing parameters’ values corresponding to a realistic magnitude of the distribu-
tion margin — around 50 percent. Relative to our first numerical exercise in Section
4, we can therefore ensure a unique equilibrium by lowering the value of n from .5
to .28, while keeping all other parameters’ values unchanged.

The results of our exercises are shown in Table 2, that reports the percentage
changes in the nominal (NER) and real exchange rate (RER), the terms of trade
(TOT), real GDP (at constant steady-state prices), employment and consumption
for the Home country under different asset trading arrangements. Observe that,
qualitatively, the equilibrium response to shocks in the economies with trade in
bonds are in line with our analysis in the previous section. Relative to the economy
with no asset trade, however, there are apparent quantitative differences. Notably,
there is a large drop in the exchange rate volatility between financial autarky and
the bond economy (volatility is even lower with trade in contingent bonds). What
explains such differences? In general, a positive productivity shock in the Home
country tends to worsen the terms of trade, reflecting greater scarcity of the Foreign
traded good. In the bond-only economy, markets for insurance against country-
specific shocks do not exist. But by running a current account deficit, the Home

country can export less and import more, thus limiting the relative supply of Home
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goods in the international market, and containing the fall in its terms of trade.
In financial autarky, instead, all trade has to be quid pro quo. Relative to the
bond economy, the Home country must export more and import less. But this,
in turn, requires larger movements in the terms of trade and in nominal and real
exchange rates. With this intuitive explanation in mind, we now turn to discussing

our exercises in detail.

Nominal and real exchange rate With incomplete assets markets, positive
nominal and real shocks result in a nominal exchange rate depreciation. Consider
first the response of the nominal exchange rate to monetary shocks (first two columns
in Table 2). With incomplete markets, the NER is more volatile than the underlying
shock. A 1 percent increase in y — equivalent to a 1 percentage point drop in the
nominal interest rate — depreciates £ by 1.3 per cent in the bond economy, and by
a striking 8.8 per cent under financial autarky.?® The intuition provided by (44) for
the case of financial autarky carries over in our bond-only economy — although the

effect is subdued due to the possibility of international borrowing and lending.
With complete markets, instead, the exchange rate and 4 move in proportion as

Mt

& = ,LL_? (52)
We should note here that the above solution also characterizes the exchange rate in
our incomplete-market economy in the limiting case n — 0 — when our specification
becomes similar to Corsetti Pesenti [2001a], Obstfeld and Rogoff [2000a] and Dev-
ereux and Engel [2000]. With constant demand elasticities (no distributive trade),
nominal shocks cannot produce any excess volatility. Furthermore, the exchange
rate responds to real shocks in the economy only through endogenous changes in the

relative monetary policy stance i /.

33In all our exercises, following a permanent shock to y, the exchange rate displays no endogenous
dynamics. It immediately jumps to the new depreciated level, and stays there. Recall that a
permanent shock to p implies constant domestic and foreign interest rates. A temporary increase in
1 instead decreases the domestic interest rate for one period. By the uncovered interest parity, the
exchange rate is expected to appreciate in the future, although it will be depreciated with respect

to the initial steady state level.
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Table 2: Impact Responses of Selected Variables to Nominal and Real Shocks under Alternative Asset Markets Structures
(Percentage deviations from steady-state values)

Monetary Shock Shock to Tradables Shock to Nontradables Economy-wide Shock

Temporary Permanent Temporary Permanent Temporary Permanent Temporary Permanent

NER 8.8% 8.8% 3.9% 3.9% 3.7% 3.7% 7.7% 7.7%
RER 6.8% 6.8% 3.0% 3.0% 3.7% 3.7% 6.8% 6.8%
Financial Autarky TOT 6.8% 6.8% 3.9% 3.9% 2.8% 2.8% 6.8% 6.8%
GDP 0.9% 0.9% 0.2% 0.2% 0.7% 0.7% 0.9% 0.9%
Employment 0.9% 0.9% -0.1% -0.1% -0.1% -0.1% -0.2% -0.2%
Consumption 0.02% 0.02% -0.3% -0.3% 0.3% 0.3% 0.02% 0.02%
NER 1.3% 1.3% 0.2% 3.9% 0.2% 3.7% 0.3% 7.7%
RER 1.0% 1.0% 0.1% 3.0% 0.9% 3.7% 1.0% 6.8%
Bond economy TOT 1.0% 1.0% 1.0% 3.9% 0.0% 2.8% 1.0% 6.8%
GDP 0.9% 0.9% 0.2% 0.2% 0.7% 0.7% 0.9% 0.9%
Employment 0.9% 0.9% -0.1% -0.1% -0.1% -0.1% -0.1% -0.2%
Consumption 0.8% 0.8% 0.1% -0.3% 0.8% 0.3% 0.9% 0.02%
NER 1.0% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
RER 0.8% 0.8% 0.0% 0.0% 0.8% 0.8% 0.8% 0.8%
Complete Markets TOT 0.8% 0.8% 0.9% 0.9% -0.1% -0.1% 0.8% 0.8%
GDP 0.9% 0.9% 0.2% 0.2% 0.7% 0.7% 0.9% 0.9%
Employment 0.9% 0.9% -0.1% -0.1% -0.1% -0.1% -0.1% -0.1%
Consumption 0.9% 0.9% 0.1% 0.1% 0.8% 0.8% 0.9% 0.9%
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Without trade in contingent bonds and 1 > 0, real shocks to productivity de-
preciate NER independently of monetary policy (third through sixth column in the
table). The magnitude of the effects on NER of innovations to Zy and Zy is compa-
rable (slightly lower in the case of shocks to Zx). In the bond economy, temporary
productivity shocks have a much smaller impact than permanent shocks (.2 percent
vs. 3.9 percent), against which uncontingent bonds provide no insurance mechanism.

Observe that the real exchange rate is positively correlated with the nominal
exchange rate (so that it always depreciates in response to positive nominal and real
shocks). The table also shows that RER is less volatile than NER in response to
nominal shocks and productivity shocks in the tradable goods sector. It is as volatile
or more volatile in response to shocks to the nontradable goods sector.

Finally, recall that, in the bond economy, the long-run value of the real ex-
change rate will be a function of the accumulation of foreign assets and liabilities in
response to temporary productivity shocks and nominal shocks (permanent produc-
tivity shocks do not cause a current account imbalance). These long-run movements
will however tend to be quite small relative to the initial steady state. With tem-
porary shocks, the real exchange rate will therefore overshoot in the short run its

long-run value.

Terms of trade In all our exercises, the terms of trade is positively correlated
with the nominal exchange rate (TOT and NER move in the same direction).34
As shown by our table, a nominal depreciation always worsens the relative price
of Home exports, regardless of the nature of the shock — raising the possibility of
expenditure switching effects from exchange rate movements.

Conditional on the nature of the underlying disturbance, however, the terms of
trade can be more or less volatile than the nominal (and real) exchange rate. The
table confirms this result for the economy in financial autarky, extending it to the
case of trade in nominal bonds. In our economy, exporters adjust their optimal

prices and markups, passing only a fraction of the movements in exchange rates

onto import prices. In financial autarky, for instance, monetary shocks cause the

34Tn light of our discussion in the previous section, this is so because the ratio /(6 — 1) is small

in our parameterization.
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TOT to worsen by 6.8 percent, 2 percentage points less than the depreciation of the
NER. In the bond economy, the TOT fall by 30 percent less than the NER, moving
approximately in proportion with the nominal shocks.

Shocks in the nontradable sector have a minor effect on the terms of trade.
Conversely, shocks to the tradable sector raise the volatility of the terms of trade
above that of the nominal (and real) exchange rate. Combining both shocks —
i.e. allowing for an aggregate macro shock to domestic productivity — relative
volatility depends on how persistent the shock is (see the last two column of Table
2). Permanent innovations cause the nominal exchange rate to move more than the
real exchange rate and the terms of trade. Temporary shocks cause the nominal

exchange rate to move by less.?’

Consumption, labor and GDP Across most exercises, exchange rate move-
ments are several times larger than the average changes in consumption and output.
For instance, in response to permanent shocks to productivity, the nominal and real
exchange rate are between 5 and 20 times more volatile than real output, which, in
turn, is in general more volatile than consumption. So, the model may be consistent
with a high volatility of the real exchange rate relative to real variables.

By the same token, domestic nominal price movements tend to be quite contained
with respect to those in international nominal prices, due to the low degree of pass-
through that characterizes the model. As domestic CPI is equal to p/C) it is easy to
gauge its response to shocks from that of real consumption. Changes in the domestic
price level are in general a great deal smaller than changes in the nominal exchange
rate, particularly so in the face of nominal shocks: in this case, the CPI response is

ten times smaller than that of the nominal exchange rate.

35Depending on the specification of shocks, our model can be consistent with a key stylized fact

for the OECD countries, that the exchange rate is more volatile than the terms of trade.
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7 Market segmentation and national welfare

7.1 Distribution services and risk sharing

In this section, we characterize the command optimum allocation and discuss the
implications of distribution services for the risk-sharing mechanism in the model.
Consider the welfare allocation that a planner would choose by maximizing a weighted
average of representative consumer’s utility in each country, subject to the resource
constraint (including distribution requirements). Assuming equal welfare weights

across countries, it is easy to show that the command optimum allocation should

satisfy
~_ 1 gl 1 n
lt*m_t I+3 wzn YT e -1 (53)
14+n—t=> ==
Kt ZN,t K¢ ZF,t
X o
2 2
~ INt 1 1
Cy = — -
¢ Kt 4 ZN,t n ﬁZN,t
Zu KRt ZF,t
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where a tilde () denotes first-best quantities. In the first best allocation, Home con-
sumption and employment generally respond to both domestic and foreign shocks.
Specifically, Home consumption is increasing in Home productivity shocks as well
as in Zy 4, but it is insulated from shocks to Foreign nontradables. Home employ-
ment, instead, is decreasing in response to positive Home productivity shocks, while
increasing in response to Foreign productivity shocks. Moreover, in the employ-
ment equation, the expression in curly brackets can be either larger or smaller than
unity. For given Z’s, Home employment will either increase or decrease depending
on whether £ turns out to be small or large relative to x* — reflecting a differential
in the disutility of work effort.

With full risk sharing, shocks to Home Z’s are unambiguously welfare-improving
for the Home representative agent (who consume more and work less as a result).

A productivity shocks to Foreign nontradables, instead, will reduce the welfare of

36In all our welfare exercises, following Obstfeld and Rogoff [2000a,b], we assume that liquidity

services from money are negligible in utility terms, i.e. x — 0.
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the Home representative agent (who will work more for a given consumption). The
international welfare effect of a productivity improvement in the Foreign tradable
sector is ambiguous: Home agents end up working but also consuming more.

Notably, with no distribution services (i.e. 7 = 0 — see Obstfeld and Rogoff
[2000a]), the above expressions become

>~ 1 ~ ZN,t ZH,t 2 KRt ZF,t 2

li(n=0) = o and Cy(n=0)= o (E) (EK) (54)
Home employment is now completely insulated from Foreign shocks, while Home
consumption is still a function of the same domestic and Foreign disturbances. The
presence of distribution services changes the risk-sharing mechanisms in our model,
relative to previous literature relying on similar specifications of consumption pref-
erences and asset markets incompleteness.

To shed light on this important issue, consider a world economy with flexible
prices and wages and no monopoly power in either the labor or the goods markets
(i.e., both ¢ and 6 are arbitrarily large). The only friction is due to incomplete asset
markets: for the sake of simplicity, we assume that there is no trade in financial

assets. Using our previous results, it is easy to see that the competitive equilibrium

allocation®7 is
2 ﬁ _ ZH,t :21
1 Z 1 Ki ZX
li=— and Cy =224 ! Nt . (55)
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Comparing these expressions with the planner allocations (53) and (54), it is appar-
ent that a decentralized competitive allocation coincides with the first best either
if all shocks are global, or if » = 0. In our setup without distribution services,
even if there is no trade in financial assets, terms of trade movements in response
to worldwide shocks are sufficient to generate optimal risk sharing (according to the
benchmark given by (54)). An essential ingredient for this result is a unit elasticity
of consumption preferences for Home and Foreign traded goods — see Cole and
Obstfeld [1991], Corsetti and Pesenti [2001a] and Obstfeld and Rogoff [2000a].

In the general case with n > 0, however, terms of trade movements are insuffi-

cient to generate optimal risk sharing. Compare once again the allocations (53) and

37See also Section 8 below.
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(55). First, competitive prices do not provide the right incentive for domestic em-
ployment to respond to Home and Foreign shocks to productivity and preferences.
In particular, competitive goods markets do not generate the negative cross-country
correlation of effort called for by optimal risk sharing in the face of all shocks. Second,
terms of trade movements do not insulate domestic consumption from productivity
shocks to nontradables in the other country.

Furthermore, in equilibrium price movements may adversely propagate some
shocks. For instance, according to the first-best allocation (53) an improvement in
Home tradables productivity Zy; should unambiguously increase Home consump-
tion. In the competitive equilibrium, instead, for intermediate ranges of 7, a positive
shock to Zy; may entail a drop in Home consumption due to worsening Home terms
of trade. An important conclusion is that, even disregarding firms’ market power,
the presence of distribution services drives the market and the planner allocations

apart under restrictions to international assets trading.

7.2 Monetary policy and the natural rate of employment

Despite nominal wage contracts, in our model there exists a simple monetary rule
that can sustain a flex-price, flex-wage allocation. Consider the following monetary

rules under preset wages:

_Ft *_F;fk

t = =
H Iit Y Ht /izk

(56)
where T’y and T’} are deterministic function of time (therefore known at time ¢ — 1),
scaling the level of wages in the economy. Note that, according to the above rules, the
domestic monetary stance is tighter in those states of the world when the disutility

of working is higher. Moreover, the above rule is completely “inward-looking”, in the

sense that monetary authorities only react to domestic shocks to the labor market.

Proposition 2 In a decentralized equilibrium, the monetary policy rule (56) sup-

ports the flexible-wage, flexible-price allocation.

As monetary policy in either country completely stabilizes the marginal disutility
of working, according to (30) and (31) workers will find it optimal to set a nominal

wage equal to I't¢/ (¢ — 1) and I’/ (¢ §71) This is exactly the flexible wage (43)



that would result when (56) is implemented. It follows that the above monetary

rules support the flexible wage allocation.

The Proposition above establishes that market segmentation due to distributive
trade does not prevent the possibility that monetary policy rules sustain the alloca-
tion without nominal rigidities. As shown by Corsetti and Pesenti [2001b], instead,
this is impossible when market segmentation and incomplete pass-through can be
attributed to local currency pricing (even partial local currency pricing) by firms.

In the presence of market segmentation, however, the results in the previous
section suggest that this policy will not be optimal.>® Even disregarding the complex
issues raised by the possibility of multiplicity of equilibria — therefore assuming
that the equilibrium is unique — a benevolent government may be able to do better
than simply replicating an equilibrium without nominal rigidities. The monetary
authority can optimize over the trade-offs between different kinds of distortions, due
to international price discrimination, the lack of risk sharing, and nominal rigidities
in the labor market. In other words, the monetary authority will try to balance
the different distortions arising from market segmentation and incomplete markets,

rather than completely redressing that induced by wage stickiness.

8 Competitive goods markets and gains from coopera-
tion

A crucial departure of our model from related contributions allowing for distributive
trade is the analysis of the interaction of nontraded retail services and firms’ market
power. Many of our results — most notably, imperfect pass-through at the import
price level — derive exactly from this feature of our specification. It is nonetheless

instructive to analyze our model in the limiting case in which different brands of

38The literature on optimal monetary policy in the open economy under nominal rigidities has
been growing very fast in the last few years. Besides the papers by Corsetti and Pesenti [2001b] and
Obstfeld and Rogoff [2000a,b] already mentioned, an incomplete list includes Benigno and Benigno
[2000], Clarida, Gali and Gertler [2001], Devereux and Engel [2000], Gali and Monacelli [2000],
Sutherland [2001], Svensson [2000], Tille [2002] and Walsh [1999]. Excellent surveys of these issues
in closed economy are contained in GalOxed [2000] and Woodford [2000].
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Table 3: The solution with competitive good markets in financial autarky
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tradable goods are perfect substitutes (§ — o), so that, with competitive goods
markets, firms are no longer able to segment markets across national borders.?? The
law of one price holds at the producer price level (this is apparent when evaluating
expression (28) as 0/ (0 — 1) approaches unity). When prices are measured net of
distribution costs, it also holds at the consumer price level.

With perfectly competitive goods markets, the solution of the model considerably
simplifies. For the case of financial autarky, we are actually able to solve the model
in closed form. The allocation under perfect competition in the goods market and
without trade in assets is shown in Table 3. Under complete pass-through, exchange
rate determination in (59) is consistent with the law of one price. The exchange rate
is a linear function of monetary policy stances as well as of productivity shocks — in
general depreciating with a positive shock to Home tradable production. The levels
of Home and Foreign employment, (60) and (61), only depend on the domestic
monetary stance.*’ Conversely, domestic consumption responds to policy shocks
anywhere in the world economy. A Foreign monetary expansion that appreciates
the exchange rate (in the domestic currency) improves the Home terms of trade and
raises Home consumption. In this case a positive shock to uf triggers an expenditure
switching effect.

The equilibrium is always unique. Yet, in a neighborhood of a symmetric equilib-
rium, a small nominal depreciation can either improve or worsen the trade balance,
depending on the relative size of distributive trade: the condition (40) is satisfied
only when the distribution margin is larger than 50 per cent, that is, 77% > 1.
Observe that, relative to the benchmark of competitive goods markets, allowing for
imperfect competition may either increase or decrease the volatility of the nominal
and real exchange rates, depending on whether the condition (40) — the opposite of
Marshall-Lerner — holds. This can be seen by evaluating (44) and (49) for § — oo,

Zr

when nZ— is close to one.
N

The following proposition states that, with competitive goods markets, monetary

39The case of perfect competition in a small open economy without nominal rigidities is analyzed

by Burstein, Neves and Rebelo [2000].
40Tt is interesting to note the different pattern when firms have monopoly power. In this case,

labor depends on both domestic and foreign monetary shocks.
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authorities can do no better than implementing (56) — even though under financial
autarky the resulting allocation does not coincide with the command optimum (53).

Most crucially, international cooperation is completely superfluous.

0
Proposition 3 Without trade in assets, if -1 = 1, the monetary policy rule
wue = I't/ke — as specified in (56) — is optimal in both the world Nash equilibrium
and under cooperation (independently of the welfare weights attributed to the Home

and Foreign country).

To prove this proposition, we note that the first order conditions of the policy

problem in a world Nash equilibrium include the following equation:
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It is easy to check that the monetary rule p; = I'y/k; is a solution to the above
equation for any Foreign monetary policy stance yj.#! To prove the second part of
the proposition, consider the problem of a benevolent centralized planner, setting
e and pf to maximize a weighted average of the expected utility of the Home and

Foreign agents, according to arbitrary weights 2 and 1 — Q :
Mazy, iz Ei-1[Q2(log Ct — kelt) + (1 = Q) (log Cf — k{17)] (65)
subject to (62) and (63). The first order condition for p is
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It is apparent that setting u; according to (56) solves the above equation regardless

of the value of uf and €.

Intuitively, in the absence of firms’ market power, the monetary authority in

each country can achieve a constrained-Pareto efficient allocation by redressing the

4IThe above policy would also be optimal in an economy with staggered wage contracts, provided
that the policy makers choose a constant I' preventing a nominal drift in wages. A constant I’

however may not be optimal when money yields41ion—negligible utility services.



distortion from wage stickiness. They cannot, however, address the distortion due
to monopoly power in the labor market, nor they can engineer enough risk sharing,
as required to achieve the command optimum allocation.*?

Notably, competitive goods markets make international policy cooperation com-
pletely redundant even under financial autarky, which means that there are no mon-
etary policy spillovers in equilibrium. This example extends a key result in Obstfeld

and Rogoff [2000b] to an environment with low pass-through to consumer prices and

less than optimal risk-sharing.

9 Conclusions

In the last few years, a vast and growing literature in international macroeconomics
has been devoted to the study of macroeconomic interdependence using general-
equilibrium models with nominal rigidities at either price or wage level. This litera-
ture has broken new ground in the analysis of stabilization policies in open-economy,
boosting our understanding of the international transmission of both policy and real
shocks. Yet, its theoretical development has long been hindered by the lack of ex-
plicit modeling of endogenous price discrimination and pass-through. The model in
this paper is a step in this direction, bringing open macro theory closer in line with
those key stylized facts of the international economy related to large discrepancies
in international prices.

Relative to the existing literature, this paper opens a new perspective to model
the macroeconomy, and raises new issues. Several contributions have recently stressed
the importance of placing international price discrimination centerstage in the analy-
sis of open economies. In this paper we have shown that, among the alternative ways
to do it, modelling vertical relationships among firms located in different markets is
a realistic and promising strategy. For instance, we show that, due to the presence
of downstream retailers, upstream firms with monopoly power may face different

demand elasticities in national markets even under symmetric, constant elasticity

42Using (56), employment and consumption under the optimal rules can be easily obtained from
(62) and (60). Because of workers’ market power, they are lower than employment and consumption

in (55) by the fraction o
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preferences across countries. Thus, they will optimally charge different prices to
domestic and foreign dealers — within the limits dictated by the possibility of inter-
national arbitrage between wholesale and retail good markets. As a consequence, the
law of one price fails to hold at both producer and consumer levels, independently of
nominal rigidities. Second, as firms optimally adjust markups in the face of demand
fluctuations, the response of prices to exchange rate movements is muted at both
consumer and producer levels. Exchange rate pass-through is not complete. Third,
our model yields that an exchange rate depreciation generally worsens the terms of
trade. Thus, despite low pass-through the international transmission of monetary
shock can result into expenditure switching effects. Fourth, our specification can si-
multaneously account for the high volatility of the exchange rate relative to output,
and the Backus Smith anomaly — an issue further analyzed by Corsetti, Dedola
and Leduc (2002). To our knowledge, this has never been accomplished before.

Finally, we have shown that there could be multiple equilibria in which large dif-
ferences in the nominal and real exchange rate are associated with small difference
in the real allocation and the price level. The possibility of multiplicity is an im-
portant issue that requires further research at both empirical and theoretical level,
raising a number of questions in the design of stabilization policies at the national
and international level.

Key to our approach is that distributive trade requires local inputs, that is, that
there are cost linkages among firms across national boundaries. It is worth stressing
that cost linkages are not exclusively due to distributive trade. Realistically, local
inputs can be employed in some final stage of manufacturing of the final product
at local level, combined with traded intermediate goods. Encompassing both dis-
tributive trade and manufacturing at local level, the share of the consumer prices
that can be attributed to the cost of local inputs may actually become quite high,
reinforcing many of the novel results of our analysis.

The model in this paper has been purposely kept simple by means of convenient
assumptions. For instance, the elasticity of substitution among individual goods
(brands) is the same in all sectors, the elasticity of substitution among types of
good is set equal to one, and there is no difference between nontraded goods and

distribution services. Thus an importan;rigtask for future work would be to appro-



priately relax these assumptions in order to confront the model more directly with
the data.

Most crucially, we have assumed the most basic vertical structure: an upstream
monopolist sells the good it produces to a perfectly competitive downstream firm,
the retailer. In this case, without distortionary taxation at national level, vertical
integration would be completely neutral as regards the allocation. An important task
for future research would be to generalize our setup to richer interactions between
upstream and downstream firms, bringing more realism — and more microeconomics

— into the construction of open macro models.
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A Appendix

The problem of the Home representative consumer The first order con-
ditions of the Home consumer’s problem with respect to Cx +(5), Crt(j), Ont(J),

But+1(j), Br+1 and My(j) are, respectively:

vy .
Cua () ) e o

vy .
Cri () =2\ (J) Prs (68)
LY 6P (69)
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EN (J) = BEE i 1 () (L +i744) (71)
NG = A )+ (L) (72)

;From these conditions, it is easy to see that, at the optimum, the individual
demand for Home, Foreign and nontraded consumption goods are a constant share

of total consumption expenditure:

) 2 ) 2 . 1 .
PCy(j) = ;PH,tCH,t(]) = ;PF,tCF,t(]) =1- VPN,tC'N,t(J) (73)
Using these expressions, it is easy to verify that
FCy(j) = PaiCui(j) + PriCr (i) + PniOnie(J)- (74)

The intertemporal allocation of consumption is determined according to the Euler

equation:
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Finally, condition (72) can be written as the money demand function:
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Define the variable Q;+1(j) as:

: PCy(4)

= . i
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which is agent j’ stochastic discount rate. Comparing (77) with (70) and (71), we
obtain:

. 1 ~Etrl 1
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It follows that the risk-adjusted uncovered interest parity linking domestic and for-

eign nominal interest rates is:
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Note that, in the absence of uncertainty the previous condition collapses to the

familiar expression 1+ 4,41 = (1 +i},1) E1/&:

Using (78) we can write:

M;(j) + Bri1(j) = %@ii) + B {Que41(J) [Mi(§) + (1 4 ir41) Bre1 ()]}
(80)
and:
EBr+1(J) = Bt {Qua+1 () (1 + 4741) €41 Br i () } (81)
It follows that the flow budget constraint (11) is:
220 4 B {@uen () Aen ()} < D) + Ri(i) = T3) - PCAGI)
(82)

where Ay is wealth (net assets) at the beginning of period ¢ + 1, defined as:

App1(f) = My(5) + (1 + i) B () + (1 +4341) &1 Br i1 () (83)

Optimization implies that households exhaust their intertemporal budget con-
straint: the flow budget constraint hold as equality and the transversality condition

below is satisfied:

]\}i_r)noo Ey [Qin(j)AN(J)] =0 (84)

where Q¢ n = Hé\;t 11 Qs-1,5. If an interior solution exists (as is the case given our
parameterization), the resource constraint holds as equality as well. Similar results

characterize the optimization problem of 4]é‘0reign agent j*.



Wage setting Consider now the problem of choosing an optimal nominal wage
rate one period in advance. Let W(j) denote the nominal wage of worker j, and

define the Home country wage index W as

o= 1 Wi()! -] ﬁ (85)

The (constant-elasticity) demand for labor input j by the firm n can be expressed

as follows

Li(n,j) = [
t(n,7) W n

Using the fact that ¢ is the same across sector, the total demand for the labor input

supplied by j to all domestic firms is

Lii, j) = {th(ﬂ - U};O% dh+/nl:0%z) dn] (87)

Workers are assumed to be monopolistic suppliers of a particular type of labor; thus,
they take into account the above demand schedule when fixing the nominal wage
rate. We posit that the number of workers is large enough so that they ignore the
impact of their own pricing decision on the aggregate the aggregate wage index. The

first order condition for this problem is the expression (15) in the main text.

Firms’ pricing and the no-arbitrage conditions This Appendix characterizes
optimal price setting when shocks are such that the no-arbitrage condition is binding.
The desired prices by the representative Home firm is the solution to the following

profit maximization problem
Mazppypeny  [Pe(h)Ce(h) + &7 (R)CE ()] — —— [Ci(h) + Cf (h)]
s.t.

_ . L0 NG,
Cy(h) + C§(h) = [p(h) + TZPN,t] ’ PI?I,tCH,t + [pt (h) + UPN,t] (PH,t) CH,t
Pi(h) + 1Py — EDr (h) >0

& (Pi(h) +0P%,) = Pu(h) 2 0
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The relevant FOC’s for p(h) and p*(h) (including the complementary slackness

conditions and dropping time subscripts) are, respectively:

_ -0 p(h) W _
D) il P (=05 ) 6 =
— % x1—0 *\0 vk Tj*(h) w 1 —
[p*(h) +nPX] ™" (Ph)” Cx (1 —Qm +HZ_HE(p*(h) +77P1§)> +&L =&
&1 [p(h) +nPx — Ep*(h)] =0, p(h) +nPx —Ep*(h) >0, & >0
&€ (" (h) +nPY) —B(h)] =0, E@ () +nPY) —p(h) 20, &2>0

The optimal prices discussed in the main text are derived for the case in which
& = & = 0. An important implication of the these prices is that, if the Home
monopolist can freely discriminate across national markets, the same is true of the
Foreign one. Before proceeding further, note that, if & > 0, and & > 0, then it
must be that 1 (Py + EPY) = 0, which can be true only for n = 0. Obviously, as
long as distribution costs are strictly positive, the two constraints cannot be binding
at the same time.

Thus, we have to characterize optimal price-setting when either condition is
binding. Without loss of generality set £&; > 0 and & = 0, i.e. D(h) +nPx = EP*(h).

The relevant FOC’s for p(h) and complementary slackness conditions are:

) B(h) w1
PiCr (1 — Omyrars T HZ_HTD(’LH??PN) = -6 <0
[p() + nPx]? o
O ([ _pg__P)nPx g W 1
(EPg)" Cf (1 mrirery) T 0% ﬁ(h)+n(PN+5P§)> € >0
= 1 -

[B(h) +1 (Px + EPR))’

It follows that, under symmetry, the optimal price Py should satisfy

N\ W — ZH>W N EW*
NI/ ) WM -y ST A
<+9—1ZN> < H<< "Z) Zn TO-1 Z

while solving the following quadratic equation:

0(1+744) & - (©0-1)Pu

Pu+ g2y 7¢

Cr +

O(F k) W+ S - (0- 1) Py
%)

The optimality condition for ?} mirrors 4t§1e above expression.

D 0 w
PH-H?m(Z—N-i-



The current account We focus on an equilibrium in which domestic agents are
symmetric within a country (although there could be asymmetries across countries).
Aggregating the individual budget constraints and using the government budget

constraint we obtain an expression for the Home current account:
o {Qt,t-i—lzt-i-l} = A+ R, — P.Cy (88)
where A is defined as wealth net of money balances, or
A1 = Ag1 — M. (89)
Now, R; is defined as:

Ry = (PH,t + UPN,t) Cuy + PniOnyg + 5t15ﬁ,tcff{,t + nPxnCr

* * PF,t * Pﬁ,t *
= PGy — PryCry+ &P Chiy + 1PN i5=CFt — nEPR 15 Chr g
Pry PH,t

Y Y * Yk IYPNt ’YPKIt * Yk
= PC;—=PCi+ =&EPC ——>=PCy —n=——=&P/C
3 Cy 5t t‘|‘2 t 1y t+n2PF,t (1673 U2P}*Lt t1y Oy
v v Py 2 * vk Pﬁt
= PCi[1—=+=n== =&PCI 1 —n—==
tt( 2+277PF¢>+2” t( nPIikIJ

Thus the Home current account becomes

— — P, . PR
E; {Qt,t+1At+1} = A — %/‘t (1 - n%) * %gtﬂt (1 - nplf’t>
, H,t

Clearly, in equilibrium A; = —&ZI , for all ¢.
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