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Abstract

The paper explores the optimal monetary policy reaction to pro-
ductivity shocks in an open economy. Whereas earlier studies assume
that countries specialize in producing particular goods, I enrich the
analysis by allowing for incomplete specialization. 1 confirm the find-
ing of Obstfeld and Rogoff (2000) —who build on Friedman (1953)
—that a flexible exchange rate is highly valuable in delivering the op-
timal response to country-specific shocks. Its value is, however, much
smaller when shocks are sector-specific, because exchange rate fluc-
tuations then lead to misallocations between different firms within a
sector. The limitation on the value of flexibility is sizable even when
specialization is high.
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1 Introduction

The central role of a flexible exchange rate in allowing economies to
optimally adjust to shocks has received a renewed attention in the theoretical
literature. Using a micro-founded general equilibrium model well suited for a
welfare analysis, Obstfeld and Rogoff (2000a) analyze the optimal monetary
policy response to productivity shocks in an open economy. Although one
may conjecture a need for the monetary authorities to take the effect of
their actions on other countries into account, Obstfeld and Rogoft show that
this is not the case. They find that an inward looking monetary policy, in
which the authorities are preoccupied solely with reacting to their domestic
shocks, delivers the best possible outcome. A flexible exchange rate is a key
piece of the puzzle as its impact on relative prices brings the economy to an
efficient allocation, a confirmation of Friedman’s (1953) insight that a flexible
exchange rate can bring the economy around the obstacle of rigid prices.

A central assumption underlying the value of the exchange rate as an
adjustment mechanism is that it affects the prices faced by consumers, who
then adjust their consumption patterns. The impact of exchange rate fluc-
tuations on consumer prices can however be limited, as pointed by Devereux
and Engel (2000) and Engel (2001). The limited pass-through of exchange
rate fluctuations into prices in turn significantly affects the optimal mon-
etary policy. Corsetti and Pesenti (2001) undertake a detailed analysis of
this aspect and find that an international dimension of monetary policy is
restored when the pass-through is incomplete. In the extreme case where
the exchange rate has no impact on consumer prices, they show that the
optimal monetary regime is a pegged exchange rate. The best policy is to
suppress the fluctuations in the exchange rate as they lead to no beneficial
reallocation of consumption and only translate in volatile profits which lead
firms to charge high prices.

This paper explores a second caveat to the benefits of exchange rate
volatility. We maintain the assumption that exchange rate fluctuations are
entirely passed-through to consumer prices and lead to a reallocation of con-
sumption. Our emphasis is on the sectoral structure of the economy. All ex-
isting contributions are built on a restrictive assumption, namely that there
is complete sectoral specialization among countries. Under the usual Dixit-
Stiglitz specification of preferences, consumers allocate their purchases first
across types of goods that are poor substitutes (textiles and cars for in-
stance), and then across highly substitutable brands for each type. Under



the prevalent assumption of complete sectoral specialization there is no dis-
tinction between the sectoral and international dimensions of the economy,
as a particular type is produced only in one country. This is a serious limita-
tion in light of the work by Stockman (1988) who points that a substantial
share of economic fluctuations falls along sectoral, as opposed to national,
lines.

Our model allows for incomplete sectoral specialization, where most, but
not all, firms in a country produces brands of a given type, with the remaining
minority producing brands of another term. The situation is mirrored in the
foreign country.! Our setup allows us to contrast the optimal monetary policy
reaction to country specific productivity shocks with the reaction to sector
specific shocks.

We find that under country specific shocks the results of Obstfeld and
Rogoff (2000a) remains valid, with monetary policy being inward looking
and the flexible exchange rate delivering the efficient cross-country alloca-
tion. Things are however sharply different under sectoral shocks, with the
value of a flexible exchange rate being quite small. Intuitively, the efficient
response to a sectoral productivity shock is for the relative price between
sectors to change, but for the relative price between firms in a given sector
to remain constant. A flexible exchange rate cannot deliver both. As long as
one country is predominant in one sector, the exchange rate can deliver the
efficient relative price change between sectors. The same exchange rate fluc-
tuation however alters the relative price between firms of different nationality
producing the same type of good, which is inefficient. As the substitutability
between different brands of a given type is large, the inefficient exchange rate
fluctuations translate into sizable misallocation of resources. This cost leads
the monetary authorities to keep the exchange rate fluctuations within strict
bounds, substantially reducing the value of flexibility.

We show that the limits placed on the exchange rate fluctuations are
significant even when sectoral specialization is very high, but incomplete. It
would be misleading to thing that a highly specialized economy is sufficiently
similar to a completely specialized one to justify ignoring the sectoral dimen-
sion. Such a conjecture would be based solely on the size of the sectors and
ignore the substitutability between brands within a sector. As long as brands

"We maintain the usual assumption of complete specialization at the brand level, as
each brand is produced only by one firm. Therefore, a country exports some brands of
each type while importing other brands of the same type, but no brand is simultaneously
produced in different countries.



are close substitutes, the inefficient exchange rate fluctuations lead to signif-
icant misallocation and cannot be ignored. A numerical illustration of our
results shows that the value of a flexible exchange rate when specialization
is very high but incomplete (with 95% of firms in a sector being located in a
given country) is only half as high as when specialization is complete (with
100% of firms in a sector being located in a given country).

The paper also explores the interaction between monetary policy and
firms, and looks at which combinations of the degree of sectoral specializa-
tion and exchange rate volatility are equilibria, taking an approach similar
to Corsetti and Pesenti (2002). We find two possible equilibria. In the first
there are no exchange rate fluctuations and no sectoral specialization. In the
absence of exchange rate fluctuations firms are indifferent between produc-
ing a brand of one type or another, so a fixed exchange rate supports any
sectoral structure. In particular it supports a structure where there is no
specialization and all countries are identical. This structure in turn justify
the maintaining of a fixed exchange rate. Another equilibrium is a case where
monetary policy is inward looking, with large the exchange rate fluctuations,
and sectoral specialization is complete. When the exchange rate fluctuates,
the competitiveness of a firm vis-a-vis its competitors is more volatile if it
competes against foreign firms than domestic firms. This induces firms to
switch to producing the type of good that is already dominated by domestic
producers. This leads to complete sectoral specialization, which in turn jus-
tify the inward looking monetary policy. We can show that the equilibrium
with complete specialization and a flexible exchange rate is more beneficial
than the equilibrium with no specialization and a fixed exchange rate.

The paper also makes a methodological contribution by using a general
method. Following Sutherland (2001) we derive tractable second order ap-
proximations of the model around a deterministic steady state. This allows
us to avoid the specific functional forms required to derive closed forms solu-
tions, while still capturing the effect of second order moments on first order
moments through the risk premia included in prices, an aspect that is lost
under linear approximations.

The paper is organized as follows: section 2 presents the structure of the
model. The solution is derived in section 3. Section 4 analyzes the optimal
monetary response to productivity shocks, with section 5 providing a nu-
merical illustration. Section 6 discusses the possibility of multiple equilibria,
with section 7 concluding. Throughout the analysis we focus on the main
results and leave the detailed derivations into an Appendix.
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2 Structure of the model

2.1 Geographic and production structure

The geographic structure is taken from Tille (2002). The world is made of
two countries, home and foreign. For simplicity we normalize the world size to
unity and assume that both countries are of the same size, 1/2. Each country
is inhabited by a representative consumer, and is host to a continuum of firms
with mass 1/2. The model is characterized by monopolistic competition:
there is a unit mass continuum of differentiated brands of consumption goods,
and each firm is the sole producer of one particular brand.

Two types of goods are available for consumption, denoted by A and B
(textiles and cars for example), with each type consisting of a continuum of
brands of mass 1/2. The central feature of this paper is to allow for a gen-
eral production structure by not restricting each country to produce brands
of only one type. Instead different brands from both types can be produced
in both countries. More specifically we define the degree of sectoral specializa-
tion v € [0.5,1], assuming without loss of generality that the home country
specializes to some extent in producing type A. We distribute firms and
brands along a unit interval, with firms on the [0,1/2) interval being in the
home country and firms on the [1/2, 1] interval being in the foreign country.
The home firms located on the [0,0.57) interval produce brands of type A,
whereas the home firms located on the [0.5v,0.5) interval produce brands of
type B. Turning to the foreign country, firms located on the [0.5,0.5 (2 — 7))
interval produce brands of type A, while firms located on the [0.5(2 — ), 1]
interval produce brands of type B. The structure is summarized in Table 1:

Table 1: Production structure
Type
Range Country produced Mass
0- 0.5y Home A 0.5
0.5y - 0.5 Home B 0.5(1 —7)
0.5-0.5(2 —+) | Foreign A 0.5(1 —7)
05(2—7)-1 Foreign B 0.5y

Our setup implies that a fraction v € [0.5,1] of firms in the home country
produce brands of type A, and the same fraction of foreign firms produce
brands of type B. Figure 1 illustrates various cases, with the left [right]
squares representing the mass of firms in the home [foreign| country. The top
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panel illustrates the situation under complete sectoral specialization (y = 1)
where each country produces only one type. In the middle panel, sectoral
specialization is partial (0.5 < 7 < 1): most, but not all, home firms produce
brands of type A, the situation being mirrored in the foreign country. Finally
the bottom panel shows the case where there is no sectoral specialization
(v =0.5) and the production structure is the same in both countries.

2.2 Dynamics

For simplicity, we abstract from any dynamics by considering a one period
model with uncertainty. The timing of events within the period goes as
follows: at the beginning of the period firms commit to a price in their own
currency at which they will sell their goods, with the commitment taking
place before shocks are realized. Once prices are set, productivity shocks are
realized and the monetary authorities can adjust monetary policy in response.
Consumers then purchase goods from the firms at the posted prices, with the
consumer prices for imported goods being adjusted for any exchange rate
fluctuations. Firms meet the demand at the price they posted.

The assumption of a static model is certainly restrictive. This is however
a common assumption, either explicitly (Obstfeld and Rogoff (2000a,b)), or
implicitly by shutting down the dynamics through the functional forms and
asset structure (Corsetti and Pesenti (2001), Devereux and Engel (2000)).2

2.3 The consumer problem

The representative consumer in the home country maximizes the follow-
ing utility:
U=FEIlnC—-kEL (1)

where C' is a consumption index detailed below and L is costly labor effort.
FE is the expectations operator defined across all possible states of nature.
The specification (1) is quite specific but allows us to derive the key results
of the model while keeping the algebraic complexity to a minimum.

Our assumption of a representative consumer precludes any analysis of the
distributive effects of monetary policy. This can seem puzzling as Tille (2002)
shows the importance of such effects in a setup with incomplete asset markets.

2Qur analysis assumes complete asset markets are complete, so that there would be no
dynamics in a multi period model.



We abstract from redistributive issues in order to focus on the (in)ability of
monetary policy to perform an optimal stabilization exercise by bringing
the economy around the inefficiency of sticky prices. Any limitation in the
power of monetary policy therefore stems from the production structure of
the economy and not from any distributive concern, making our results more
easily comparable with earlier contributions.

The consumption index C' is defined across the unit mass of available
brands, in three steps illustrated in Figure 2. The first step separates the
aggregate index into two consumption indexes of types:

C =2 (CA)0.5 (CB)O.S

where C'y and Cp are subindexes of the consumption of goods of type A and
type B respectively. We assume that the elasticity of substitution between
types is equal to 1, so that our model nests existing contributions such as
Corsetti and Pesenti (2001).

In the second step, the type indexes are subdivided into origin sub-
indexes:

A—1

(Cam)™ +(1=7)¥ (C'A,F)¥]m

>|=

Ca = {(’7)

A—1

(Cpm) > + (’V)i (CB,F)¥} o

>l=

Cp =

(1=7)

where C; gy and C; r are indexes of home and foreign goods of type ¢ respec-
tively. For instance C (A, H) is a consumption indexes of brands of type
A produced in the home country. The weights on the subindexes reflect
the degree of sectoral specialization . Under complete sectoral specializa-
tion (v = 1), all brands of type A are produced in the home country and
all brands of type B are produced in the foreign country: C4 = C4 g and
Cp = Cp,r. The elasticity of substitution between origins for a given type is
given by .

The third and final step divides the origin indexes across particular brands:

[(2\7 (05 61
CA,H = _(;) /0 (CAyH(Z)) dZ]

0—1

9 7 0.5(2—) 01 o=t
Car = <—> /0 (CA,F(z))ef’ dz]
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[ 2 % 0.5 0—1 o-1
Ceu = (:) /0‘57 (Chu (2)) dz]

2 % 1 0—1
— — 0
Cor (7) /0-5(2—7) (Cpr (2) dz]

where C; g (2) [C;r (2)] indicate the consumption of home [foreign| brand z
of type i. The weights in the indexes reflects the allocation of brands across
countries and types as described in Table 1. The elasticity of substitution
between brands is given by 6.

Throughout the analysis, we assume that the elasticity of substitution
between brands is at least as large as the elasticity between origins, which in
turn is at least as large as the elasticity between types:®

6>A>1

In each state of nature the home household optimally allocates consump-
tion across types, origins and brands, with the allocation reflecting the rela-
tive prices. The resulting demands are given in Table 2:

Table 2: Consumption allocation
Cun(e) = [B52] [52] " C
Car(e) = [B2] " [Br] hC
Cru(z) = ][] " £
CB,F (Z) _ _P;;BFI(:‘Z)_ —0 ‘PIEBF_ —A %C

The prices in Table 2, all expressed in home currency, are defined as follows:
P, i (2) [P, r (2)] is the price of a home [foreign| brand z of type i, P, r [P, F|
is the price index across all a home [foreign| brands of type i, P; is the price
index across all brands of type ¢ from all origins, and P is the consumer
price index. All price indexes represent the minimal expenditure required to

3We also assume that 6 > 1 to ensure a well-defined solution.



purchase one unit of the index in question, and are given in Table 3:

Table 3: Price indexes
Pay = [2007 [Pan (=)t ™
Par = |15 0507 [Pap (o) d:F| ™
Po = [Pl + 0=y [Pas ]
Por = |t 003 (Pou (=) dzH] ™
Par = [ 8o Prr () a27] ™
Py = :(1—7)[PB,H]PA+7[PB,F]17A}ﬁ
P — (PA)O.E) (PB)0.5

The consumption allocation for the foreign representative consumer is
similar. We denote foreign variables, including foreign currency prices, with
asterisks. We assume that the law of one price holds, so the home currency
price of a particular brand is equal to the foreign currency price adjusted by
the exchange rate, with .S representing the amount of home currency required
to purchase one unit of foreign currency. For instance:

Par(2) =SPyp(2)

As the composition of the consumption baskets is the same in both countries,
the law of one price translates at the level of price indexes, so that any home
currency price index is equal to the corresponding foreign currency price
index adjusted for the exchange rate. In particular purchasing power parity
holds:

P=SP*

Having derived the composition of consumption basket, we now turn to
the determination of its level. Each household holds domestic money and
equity in domestic firms. In addition, the home and foreign households can
trade a complete set of contingent commodities paying off in home currency.
The budget constraint of the home consumer for a particular state of the
world u is written as:

t



The left hand side of (2) indicates the use of funds, namely consumption
spending and the purchase of securities at the beginning of the period, with ¢;
and B; representing the price and holding, respectively, of a security paying
off 1 unit in home currency in state t. The right hand side indicates the
sources of funds: the wage income, with W being the nominal wage, the
profits from the household’s ownership of all home firms (II), the income
from contingent securities (B), the initial cash balances net of final balances
(My— M), and lump-sum transfers from the government (7"). (2) is simplified
by assuming that the government repays any seignorage revenue through a
lump-sum transfer, so that (My— M)+ T = 0.
The labor supply is obtained by maximizing (1) with respect to L, subject

to (2):

W = kPC (3)

The optimal choice of contingent securities portfolio by the home and

foreign households leads to the usual result that the ratio of marginal utilities
of consumption is equal to the real exchange rate:

c SPr

c- P
As the purchasing power parity holds, consumption in perfectly insured be-
tween the home and the foreign household:

C=C* (4)

The last component of the consumption side of the model is given by
the equilibrium in the money markets, which stipulate that consumption
spending has to be covered by nominal balances:

M=PC , M*=PcC* (5)

(5) shows that by changing the amount of money in circulation the monetary
authorities affect the nominal consumption spending. Such equilibria can
be derived either as cash-in-advance constraints or through a money in the
utility function approach.

Combining the money market equilibrium for the home and foreign coun-
tries (5) with the complete consumption insurance (4) and the fact that
purchasing power parity holds, we show that the exchange rate is simply the

ratio of the money supplies:
M

M*

S = (6)
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2.4 Optimal price setting

After solving the consumer problem, we turn to the optimal price setting
by firms. Firms use a linear technology with labor as the only input, and a
productivity term that is subjected to random shocks:

Yan(2) = KawLan(z) , Yar(z)=KarLar(2)
YB,H (Z) = KB,HLB,H(Z) ) YB,F (Z):KB,FLB,F (Z)

where Y; i (2) [Yir (2)] is the output by a home [foreign] firm producing
brand z of type ¢, L; i (2) [L;r (2)] is the labor input used in the process and
K; i [K;r] is the technology parameter common to all home [foreign| firms
producing brands of type i.

Our setup allows the productivity shocks to be specific to a particular
sector in a particular country. This nests the cases where productivity levels
are country specific (K4 g = Kp g, Kar = Kp ) or sector specific (K g =
Kar, Kpu = Kpr).

The demands faced by each firm are derived by aggregating the consump-
tion allocation rules of Table 2 across the home and the foreign households,
recalling that each is of mass 1/2 and that consumption is equalized through

(4):

o) = (L] "B 42
Yar(z) = P/]‘D’Zf)lg Jj’.f‘f h ];f (7)
Vo) = [Poar@) " [Boa) " 2O
) = [BE) [

The optimization problem faced by firms is to choose the price they charge
prior to the uncertainty on the productivity shocks and any subsequent mon-
etary reaction being resolved. Firms choose their prices to maximize the
expected discounted value of profits, with the discount factor reflecting the
marginal utility of income by the owner of the firm.

11



A home firm producing a brand of type A chooses a price in home currency
P 1 (2), charged for both domestic and export sales,* to maximize:

W | [Pan(2)] * [Pan] > PC
KA,H‘| l P 1 Py Py
Note that in equilibrium all home firms producing type A are identical, so
Py 1 (2) = Py . Using the labor supply (3) and the money market equilib-
rium (5), the optimal price is then given by:
0k EM (Kap)™" (Py)!
Pan = 5= B (P (8)

(8) shows the price is set at its certainty equivalent level, 2% EM (K4 2

P [PA,H (2)

only when A = 1 or P, is uncorrelated with M (K A,H)fl. Intuitively the
price is determined by two terms: the marginal cost (nominal wage adjusted
by productivity: M (K4, H)_l), and the price competitiveness vis-a-vis other
producers of type A ((P)*"): if P4 is high, the relative price of the home
firm is low and it sells a relatively large quantity. Note that competitiveness
issues are more important the higher the substitutability, A, between home
and foreign goods of type A.

(8) indicates that the price exceeds the certainty equivalent when the
marginal cost and the competitiveness are positively correlated. Intuitively,
firms have to balance ex-ante between cases where they would like to increase
their price ex-post because they face a high marginal cost, and cases where
they would like to reduce their prices because of a low marginal cost. Firms
do not care about all possible states of nature equally, but put a higher weight
on states where they have a lot of customers, as a suboptimal price then leads
to more foregone revenue. States where home firms are competitive, that is
PA is large, are states where there are many customers. If the marginal cost
tends to be higher than average in these states, firms will be more likely to
wish for a higher price ex-post than a lower price and charge an ex-ante price
above the certainty equivalent.

Turning to a foreign producer of type A, her goal is to set a price in
foreign currency P} () to maximize the expected discounted profits:

1 l . W 1 [P;;,F (z)]" - pC

E— |p _
poc |Par(?) Karl | Pir Py

Par
Py

41f the firm could choose different home currency prices for domestic and foreign sales,
it would nevertheless set them equal as the demand elasticity is the same in both markets.
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The optimal price is derived as:

Ok EM* (Kap) " (Pa) 1 (85)
0_ 1 E(PA))\fl (S)li)\

* —
Pir=

(9)

The intuition is similar as for P4z, with the competitiveness now captured
by (Pa)*™" (5)' ™.

The optimal prices for home and foreign firms producing type B are
derived following similar steps as:

0k EM (Kpp) ' (Pg) "

PB,H = 0_1 E (PB))\,l (10)
. Ok EM*(Kpp)™ (Pp)(5)'
Prr = g3 E(Ps)* 1t (5)" )

3 Solution of the model

3.1 Methodology

The usual approach used in solving the stochastic 'New open economy
macroeconomics’ models is to derive the full-blown closed form solution (Ob-
stfeld and Rogoff (2000a,b), Corsetti and Pesenti (2001), Devereux and Engel
(2000)). This method captures the key dimension, namely the impact of the
second order moments on the preset prices. As forward looking firms have
to commit to prices before the shocks are observed, the ex post volatility in
the economy leads them to incorporate a risk premium in their prices. The
second order moments of the model then significantly affect the first order
moments, with higher prices resulting in lower expected consumption.

Solving the model in closed form however requires restrictive assumption
on the functional forms used, such as a unit elasticity of substitution between
home and foreign goods. The contributions that have analyzed more general
setups are limited to a certainty equivalent analysis, as the need to take first
order approximations around a deterministic steady state precludes them
from capturing the impact of second order moments on preset prices.

This paper uses a new approach that gets around the limitations of both
the closed form and linear approximation approaches. It allows us to avoid
restrictive parametrizations while still capturing the impact of second order
moments on prices. Our model being too general to be solved in a closed
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form, we take approximations around a deterministic steady state. We how-
ever do not limit ourselves to first order expansions, but derive second order
expansions following Sutherland (2001).> We take second order approxima-
tions of both the welfare criterion and the positive equations in the model.
The method is then more general than the Rotemberg and Woodford method
(Woodford (2000)) which limits the expansions of the positive equations to
a first order. For a discussion on the applicability of the Rotemberg and
Woodford method to an open economy see Benigno and Benigno (2001).

The approximations in the model are taken around a deterministic steady
state in which productivity is the same for all firms (Ky g = Kpg = Kar =
Kpp = Kjp). All firms then produce the same quantity (0 — 1) (0x) ™" Ko,
which is also equal to the consumption level. All home currency prices are
equal to (0 — 1) " 0kMy (Ko) . The approximations are expressed in terms
of log deviations from the steady state, denoted by Sans Serif letters:

x=InX —InX,

The stochastic dimension of the model stems from the presence of pro-
ductivity shocks. The only assumption we need to make about them is that
the expected value of the logarithms of the shocks around the steady state
is zero:

EkA7H:EkA7F:EkB7H:EkB7F =0 (12)

The randomness of the productivity feeds into a randomness of the mone-
tary stance, as we allow each country to react to the productivity shocks. For
simplicity we assume that the monetary authority in both country perfectly
observe the realization of the shocks. Throughout the paper we abstract from
discretion and assume that monetary policy is conducted according to a rule
through which the monetary stance in each country react to all shocks:

m = Quupkan+Qarkar+Qpuke g+ Qprksr (13)

where the (2’s are constant parameters. The rules (13) and the process (12)
imply that there is no first order bias in monetary policy:

Em=FEm*=0 (14)

5 Applications of the method to more complex closed economy models are found in
Scmitt-Grohe and Uribe (2001) and Sims (2000).
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Throughout the analysis, we make extensive use of the following relations
between the level of a variable and the log deviations around the steady state,
derived in the Appendix:

1
X=X, {1 + x4 §x2] (15)

3.2 Flexible prices

Before undertaking the analysis with sticky prices, we derive the solu-
tion of the model under flexible prices as a benchmark. When firms can
adjust their prices after observing the shocks and any monetary reaction,
the optimal price rules (8)-(11) hold not only in expectation but in ex-post
terms:

Ok _ . Ok . _

Pip = = 1M(KA,H) by Pir= mM (Kar) boo(16)
Ok 7 . Ok . _

Ppu = =M (Kpn) b Ppp= 7 M (Ksr) '

The relative flexible prices then simply reflects differentials in productiv-
ity. For instance:

Py w _ Kar
SPZ,F KA7H

Combining this with the consumption demands listed in Table 2, we see that
the relative consumption levels also reflect the productivity differences:

Car (2) [KA,H]A | CB,H(z)_[KB,Hr

CA,F (Z) KA,F CB,F (Z) KBJ:
Furthermore the flexible price allocation can be shown optimal in the sense
that it corresponds to the allocation chosen by a benevolent worldwide plan-
ner, the detailed derivation being presented in the Appendix. In other words,
the best outcome that monetary policy can hope for is to replicate the flexible
price allocation.

Two particular cases are especially noteworthy. When productivity shocks
are sector specific (Kapy = Kap = Ka, Kpy = Kpp = Kg), the relative
price between a home and a foreign brand of a given type is unity, while the
relative price between types reflects the productivity differential:

P P P K
Al _ BH 7 A Ip (17)
SPE}F SPRF

Py K
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When productivity shocks are country specific (Ka g = Kpy = Kg, Kar =
Kpg p = KFr), the relative price between a home and a foreign brand of a given
type reflects the productivity differentials:

VW Ppyg  Krp Py |y (KH)A_l + (1= (KF)A_l =

SPix SPh. Ky ' Pp |[(1—7)(Kp) '47(Kp)t

(18)

3.3 Approximations of prices

We now derive the second order approximations of the preset prices (8)-
(11). We focus on the results, with the details being provided in the Ap-
pendix. Starting with a home firm producing a brand of type A, we can
show that:

PA,H = %E (m— kA,H)2 +A=1)(1—7)Es(m—kan) (19)

The price can deviate from the steady state value through two channels.
First, with a set price, fluctuations in the marginal cost translate into fluc-
tuations in the markup. This leads the risk averse firm owner to incorporate
a risk premium, £ (m — ky, H)Q, in the price. The second term reflect com-
petitiveness issues. A home firm faces a stronger demand when it is more
competitive thanks to a depreciation of the domestic currency (s > 0). The
firm owner then cares more about states where the home currency is depre-
ciated. If such states happen to be states when the marginal cost is high
(Es(m —kag) > 0), the firms owner sets a higher price ex-ante.

We derive approximation for the other three individual prices (9)-(11) in
a similar way and get:

1

Par = 5& (m* —kar)’ +7 (A= 1) E(=s) (m" — kar) (20)
1

P = FE(m—kpm)* +7 (A1) Es(m—kpn) (21)
1

Ppr = 5E (m*—kpp)’+(1—7) (A—=1)E(=s) (m" —kpr) (22)

Our next step is to derive the values of the prices indexes presented in Ta-
ble 3, expressed as log approximations. The consumer price index is log linear
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in its components, so the following relation holds exactly with v indexing the
state of nature as the consumer price index is not preset:

1 1
Pu = ZPAu + ZPBu (23)

2 2
The type price indexes, P, and Pg are however not log linear. Following
steps detailed in the Appendix, we can express their values as second order
approximations:

paw = Pau+(1—=7) (sutpir) - %v (L=7)(A=1)(s0)* (24)

P = (L=9) s +7 (s Pe) — 57 (1= ) (A= 1) (s (25)

3.4 Consumption and effort

We now derive log approximations of the consumption and effort. From
the money market equilibria (5) and the optimal risk sharing (4), we see that
in each state consumption is log linear in its two components, the nominal
balances and the consumer price index. The following relation holds then
exactly:

Cu = Co [1 + Cu]

Deriving the expected effort is more complex. The effort exerted by the
home household is the sum of the effort exerted in producing the brands of
type A and type B (expressing the result in per-capita terms):

0.5y 0.5
0 0.5y

= ’)/ELA,H + (1 - ’}/) ELBﬁH

where we used the fact that all firms producing a given type in a given coun-
try are identical. Following steps presented in the Appendix, we write the
expected effort in producing brands of type A as a second order approxima-
tion:

0—1

ELA,H = W [1 + QA,H]
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where:

Qur = —(A=1)(1=9) (Par—Pir) (27)

I B

(27) shows that expected effort is not constant, unless there is complete
sectoral specialization (y = 1) or the substitutability between home and
foreign goods of type A is unity (A = 1).

The expected effort for the production of type B by the home households
is derived in the Appendix as:

Qo = — (=15 (rar — i p) + ot (A= 2B (s (28)

2
0—1
ELByH = W[l‘FQB,H]

The expected effort of the foreign household is written as:
BEL* = (1 — ’}/) ELAJ? + ’}/ELBJF

The Appendix shows that the two components are written as:

f—1 0—-1
ELyrp = o 1+Qar] , ELppr= o 1+ Qp.r]
2v—1
Qir = A=1)7(paw —Pir)+ 1 — (- 1)’vE(s)>  (29)
Qsr = (A — 1) (1—=7) (PB,H - p*B,F) (30)

2y —1

(=121 -)E ()

From (27)-(30) we compute the expected effort for all producers of a given
type as follows:

Qs = YQuur+(1—9)Qar=0
Qs = (1—7)Qpu+1QBr=0

The expected average effort for all producers of a given type is always equal
to its value in the steady state. Notice that the first right-hand side terms
in (27) and (29) show that the expected effort for particular producers are
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influenced by the terms of trade. For instance, if home producers of type
A set high prices (pas — pjip > 0), they reduce their own effort at the
expense of the foreign producer. As the aggregate effort Q, is unaffected,
such movements in the terms of trade correspond to a pure zero sum "beggar-
thy-neighbor’ dimension where a fixed burden of effort is passed onto foreign
producers.

4 Optimal monetary policy

4.1 Objective

The goal of the home and foreign monetary authorities is to choose mone-
tary rules that maximize the expected welfare of the home and foreign house-
hold respectively. Recalling (4) the home and foreign objectives are:

U = ElnC—~vkELyy—(1—7)kELg g
U = ElnC—(1—v)kELsp —ykELgp

These expressions can be expressed in terms of log deviations around the
steady state:

0—1
U = U0+EC—T[7QA,H+(1—7)QB,H]

0—1
U* = Uy+ Ec— T[(l —7) Qar +7Q5F|

where Uy = InCy — (6 — 1)§~'. The objectives consist of an expected con-
sumption component, which is the same in both countries, and an expected
effort component which is the opposite in the two countries.’

The monetary authorities are then faced with two goals. The first is
to undertake an optimal stabilization of the economy so as to maximize
the expected consumption term. This is the dimension that is analyzed in
existing contribution such as Obstfeld and Rogoff (2000a,b) and Corsetti and
Pesenti (2001). The second goal, which is a new dimension, is to pass the
burden of effort onto the other country. This is a zero-sum game as any gain
by a country comes at the expense of the other.

(vQa,r+ (1 —7) Q] = —[(1 — ) Qa,r +7QB,F]
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We choose to limit our analysis to the first goal. Our focus allows for a
more straightforward comparison of our results with existing analyses, as any
discrepancies stem solely from differences in the ability of monetary policy
to stabilize the economy.” Furthermore one can argue about the relevance
of the second aspect in practice. Monetary authorities may recognize that
it constitutes a zero-sum game and choose to abstain from it. The incentive
to pass the effort burden onto the other country is certainly a new and
intriguing dimension of monetary policy, and we leave a detailed analysis for
future research.

As consumption is always equalized across countries (4), the goal of the
home and foreign authorities is the same. There are then no gains from
international cooperation, as the Nash equilibrium co-incindes with the in a
cooperative solution.

We take the flexible price allocation as a benchmark because corresponds
to a central planner’s choice. Following steps presented in the Appendix, the
objective of the monetary authorities is rewritten as:

U = U"=Uy+ Ec
vE (m — k)’ + (1 . v) E(m* — kA,F)22
—+ (1 — ’7) E(m — kB,H) -+ ’7E (m* — kBﬁp)

+A=1)v(1—-7) +]i7[s[s_—(l((lfjﬂ_—kﬁ;z])]2

(31)

1
= Ufle:c - Z

where Uy, is the expected welfare under flexible prices. (31) shows that the
welfare under sticky prices cannot exceeds the welfare under flexible prices:
U < Ufjes, so the best monetary policy can hope for is to replicate the flexible
price allocation.

4.2 The limits of monetary policy

Before computing the optimal monetary policy rules, it is instructive to
take a close look at (31). Any deviation from the flexible price welfare level
U and Uy, stems from two sources. First, with prices preset in producer
currency, volatile marginal costs translate into volatile markups, which in-
duces the risk averse firm owners to increase their prices. Second, inefficient
exchange rate fluctuations are costly. Recall that in the flexible price allo-
cation, which is efficient, the relative price between a home and a foreign

"This focus is similar to the one taken by Canzoneri, Cumby and Diba (2001).
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brand of a given type is equal to the productivity differential. When prices
are sticky the relative price between a home and foreign brand can change
only through fluctuations in the exchange rate. Such fluctuations are effi-
cient only if they match the productivity differentials, as they then deliver
the flexible price outcome. Notice that when A = 1 exchange rate fluctua-
tions do not entail any cost in addition to the cost of volatile markups. As
A increases however, inefficient exchange rate fluctuations become a serious
concern. Intuitively inefficient fluctuations in the relative price of home and
foreign brands of a given type matter only to the extent that they are trans-
lated into volatile quantities. The volatility in quantities remains moderate
when home and foreign brands are poor substitute, but becomes significant
when the substitutability increases.

(31) can also be interpreted in terms of price stability, along the lines of
Benigno and Benigno (2001). In our static model, the concept of price stabil-
ity is related to the price that firms would choose ex-post. Monetary policy
achieves complete price stability when firms would choose not to change their
prices (i.e. monetary policy perfectly gets around the price rigidity). The
solution under flexible prices presented in the Appendix shows any ex-post
adjustment in prices would simply offset a change in the marginal cost in
order to keep the markup constant. For instance, a home producer of type
A would choose pa,z = m — k4 . A monetary policy that achieve m = kx g
on its own then removes any wish from the firm to change its price. Under
this interpretation, (31) shows that the best possible monetary policy can do
is to completely stabilize prices throughout the economy.

The limitations of monetary policy can be inferred from (31). Consider
first a case where shocks are entirely country specific (Ka g = Kpy = Ku,
Ky r = Kpr = Kr). recalling (6) we simplify (31) to :

1 E(m —kg)* + E(m* — kp)®

U:Ufle:c_z +2(>\_1)7(1_7)E[(m—k}1)—(m*_kF)]Q

We can easily see that monetary policy delivers the efficient outcome when
authorities target only the domestic shocks, so there is no international di-
mension of monetary policy: m = kg and m* = kp. Intuitively, the efficient
allocation (18) calls for a change in both the relative prices between home
and foreign brands of a given type and the relative price between types. The
exchange rate fluctuation under the optimal monetary policy delivers the
efficient relative price changes. This confirms of the result by Obstfeld and
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Rogoff (2000a,b) that an international coordination of monetary policy is
not necessary when exchange rate fluctuations are entirely passed-through
to prices, as the ensuing price changes are then efficient.

Our setup shows however that this result if very specific and breaks down
as soon as we allow shocks to differ across sectors. For simplicity, consider
sector specific shocks (Kap = Kap = Ka, Ky = Kpr = Kg). (31) then
becomes:

vE (m —ka)* + (1 — ) E (m* — ka)”
+(1—7)E(m—kg)*+~vE (m* —kg)’
+2(A=1)7(1—7) E(s)*

RS,

U= Uflez -

Monetary policy clearly cannot deliver the efficient flexible price outcome.
(17) shows that the efficient outcome would be to change the relative price
between types while keeping the relative price between home and foreign
brands of a given type unchanged. The exchange rate cannot achieve both:
whereas exchange rate fluctuations can deliver the efficient relative price
change between types, they do so at the cost of an inefficient change in the
relative price between brands.

4.3 Optimal rules

We now derive the optimal monetary policy rules in the home and the
foreign country. As the expected welfare under flexible prices is independent
of monetary policy, the goal is to minimize the second order terms in (31).
Starting with the home monetary policy, the derivative with respect to the
monetary stance in a particular state u is given by:®

U7 1 v (m, — kA,Hu) + (L =) (my — ks, #ru)
= —Zm, (my —m7) = (kagu — kapu)
)\ o 1 1 _ u ) ?

Setting this derivative to zero and re-arranging terms, we obtain:

o2ty —9)
R Y0 W DR I M

8The optimal policy could also be computed by replacing m and m* by linear combina-
tions of the productivity shocks, with undetermined coefficients. The second step is then
to take the derivative with respect to each coefficient and set them to zero. This leads to
the exact same results.
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(194 (=170 -9
1+2A=1)y(1—7)
A—Dy(1—1)

_1—|—2()\_ )~y (1—7) (ka,pu + kB,Fu)
20Dyl .

1+2(>‘_1)’Y(1—7) u

kB,Hu

The optimal policy is an expansionary stance following productivity improve-
ments for home producers, but a contractionary stance following similar im-
provements abroad. Furthermore, the home authority partially match the
move by the foreign authorities in order to limit costly deviations of the ex-
change rate from its efficient level. This feature can be interpreted as a ’fear
of floating’ feature of optimal monetary policy.

The optimal monetary policy for the foreign country can be computed
following similar steps, and we obtain:

o~ A=)+ A-Dy(A—9),
u 1+2(A—1)y(1—nq) A
T+A-=Dy(0 -7
142N =1)y(1 -~
(=D ad =9
I1+2A=1)v(1—7)
20-Dy(l—-9)
I+2A=1Dy(1—7v) “

+

I(B,Fu
)

(ka,zru + kB mu)

The final step is to combine the home and foreign optimal rules to derive
Nash equilibrium rules as function of the productivity shocks. The home
monetary stance is:

YA+A=1) (1 —79)2y+1]]

™S TG Dy ()
A=) E+A-Dy2A -y + 1],
1+4(A=1)v(1-1) i

CA=DyA =9 (2y-1)
I+4A=1)~v(1—7)
A=y —=7)(2y—-1)

1+4A—1)y(1—~) 2™

kA,Fu (32)
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And similarly for the foreign monetary stance:

o A=A+ A-Dy A ) +1]]
v 1+4A—1)y(1—~) A

YA+ A=1D (O =) 2y +1]]

A0 -y (-7 P
A-Dy(d-72y-1)
[T D)y (I—7) b (33)
CA=DyA =7 2y-1) .

I1+4A=1)~v(1—7)

4.4 Special cases

The optimal rules (32) and (33) are fairly complex, but we can gain
insight by considering some special cases. The first case is to consider a unit
elasticity of substitution between home and foreign brands of a given type
(A =1). The derivations are then much simpler, and the model can actually
be solved in a closed form without resorting to log approximations.” The
optimal monetary rules are then:

My =Ykamu + (1 =) kpau , m;, =(1—7)karu +7ks Fu

There is no international dimension of monetary policy, as it purely inward
looking. The home [foreign] authority reacts one for one to the "home’ [for-
eign’] productivity shock, which we define as a weighted average of the shocks
in the home [foreign] country with the weight reflecting the sectoral structure.
This is the result by Obstfeld and Rogoff (2000a).

Another special case is the situation where shocks are country specific
(ka,zrw = kg, irw = Kiru, kapu = kK, pu = Kpy). In such a case each authority
targets solely its own shock and the efficient exchange rate fluctuations bring
the economy to the flexible price allocation.:

m, = kHu 5 my = kFu (34)

9This simply reflects the fact that the elasticity of substitution between the baskets
of home and foreign produced goods is unity. Indeed our model is then only marginally
different from the ususal specification, because the distinction between home and foreign
brands of a given type is irrelevant when when the elasticity of substitution between them
is equal to the elasticity between types.
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When shocks are sector specific (ka gy = ka ru = kaw, kg, gu = kg Fu =
kp,) the monetary authorities target a combination of both shocks:

oo 2191 -7 A-7+20-Dy(A—-7),
v 1+4(A—1)y(1—75) ™ 1+4A—1)y(1—~v) ™
o I-y)+20 -1~ -9) Y+2A-1)y(1—1)
T I A0 Dy =) M T 1A Dy (=)

The ensuing exchange rate fluctuations are given by:
. 2y —1
I+ 4AN-1D)y(1—)

If A = 1 the exchange rate fluctuations are equal to the difference between
the average shock in the home country and the average shock in the foreign
country (s, = (2y — 1) (kay — kpu)). When X increases however, the cost
of inefficient fluctuations of the exchange rate quickly becomes large, so the
optimal monetary policy sharply reduces the exchange rate movements.

(kAu - kBu)

4.5 Country vs. sectoral shocks: how apparently sim-
ilar cases have different policy implications.

Our analysis points that the optimal monetary policy stance is sharply
different depending on whether shocks are country or sector specific. This is
especially noteworthy as two different shocks can look similar to an observer
limiting himself to country wide aggregate.

To illustrate this aspect, consider a case where A = 6! and v = 0.95, so
sectoral specialization is very high, but incomplete. Such a high degree of
sectoral specialization may suggest that the sectoral dimension of the model
is only a secondary aspect and little insight would be lost by considering
complete sectoral specialization. We show that this inference would be very
misleading by looking at two different shocks. The first is a combination of
country shocks, with a large shock in the home country (ka g = kp.g = 0.95,
kar = kp,r = 0.05). The second is a sectoral shock (kag = kar =1, kpny =
kg, r = 0). Table 4 compares the optimal monetary reaction to both shocks.
Note that they look identical to an observer focusing on country averages
(kH = fYkA,H + (1 — ’7) kB,H =0.95 and kF = (1 — ’7) kA,F —|—’}/k37F = 005)

0 That is A = # with # = 6 being a standard value, corresponding to a 20% steady state
markup.
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Table 4: Optimal monetary policy
Country shock | Sectoral shock
Country average | ky 0.95 0.95
of shocks kp 0.05 0.05
Monetary stances | m 0.95 0.73
m* 0.05 0.27
Exchange rate s 0.90 0.46

Despite their apparent similarity, the two cases have sharply different im-
plications in terms of monetary policy. When shocks are country specific,
monetary policy is purely inward looking (m = kg, m* = kp) and the en-
suing fluctuation in the exchange rate is large. When shocks are sectoral
however, the monetary expansion is significantly reduced in the home coun-
try and expanded in the foreign country. This sharply limits the fluctuation
in the exchange rate, with the optimal depreciation of the home currency
under sectoral shocks being only half as big as under country shocks.

5 A numerical illustration of the value of ex-
change rate flexibility

Our analysis shows that whereas exchange rate flexibility is efficient and
valuable when productivity shocks are sector specific, it looses its attrac-
tiveness when productivity shocks have a sectoral component. We illustrate
this point by mean of a numerical example, focusing on a unit productivity
shock in sector A (kay = kar =1, kpyw = kg, = 0). Figure 3 shows the
optimal monetary reaction for the home and foreign countries (m and m*)
represented by the solid and dotted lines respectively. The figure illustrates
the whole range of sectoral specialization from the case where both coun-
tries are identical (y = 0.5) to the case of complete sectoral specialization
(v = 1). We consider two values for the degree of substitutability between
home and foreign brands of a given type: low substitutability (A = 1) and
high substitutability (A = 6).

At the extreme left of the figure (v = 0.5) both countries are identical in
terms of their sectoral structure. The exchange rate is then powerless as an
adjustment tool following productivity shocks. Not only does it generate an
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inefficient change in the relative price between home and foreign brands of a
given type, it does not even move the relative price of types (pa — ps = 0)
because the weight of home brands is the same in both baskets. The only
use of monetary policy is then to boost the world economy by the amount
of the worldwide productivity shock, with both countries moving together to
prevent useless and costly exchange rate fluctuations (m = m* = 0.5).

The extreme right of the figure (7 = 1) represents the case of complete
specialization where the sectoral dimension boils down to a cross-country
dimension. This is the case considered in earlier contributions, and the op-
timal monetary response to a sectoral (country) shock is for the authorities
to target their domestic shocks (m = 1, m* = 0) and let the exchange rate
fluctuations deliver the optimal cross-country allocation. Note that at both
extremes the degree of substitutability between home and foreign brands of
a given type, A, is irrelevant.

The interesting dimension of the model emerges when we consider inter-
mediate degrees of sectoral specialization (0.5 <y < 1). Start with the case
where A = 1. As we move away from complete sectoral specialization, the op-
timal monetary policy is for both the home and foreign authorities to take an
expansionary stance, the magnitude being larger in the home country. There
is however no international dimension in monetary policy, as each country
targets its ’domestic’ shock, defined as a weighted average of the sectoral
shocks with the weights reflecting the sectoral structure. Graphically this
results in the monetary stances changing gradually along a straight line for
different degrees of sectoral specialization.

An international dimension nevertheless emerges when home and foreign
brands of a given type are close substitutes (A > 1). The monetary au-
thorities are caught between two conflicting objectives. On the one hand
they want to depreciate the home currency to generate an efficient change
in the relative price between types, pa — pg, but on the other hand they
want to contain the inefficient changes in the relative price between home
and foreign brands of a given type. The optimal monetary policy reflects a
balancing between these two objectives. Because brands a close substitutes,
the inefficient changes in the relative price between brands leads to substan-
tial quantity misallocation. This leads the authorities to keep the exchange
rate fluctuations moderate, unless the degree of sectoral specialization is very
high.

The ’fear of floating” dimension is illustrated further in Figure 4 which in-
dicates the exchange rate response under the optimal monetary policy stances

27



described in figure 3. Whereas a higher degree of sectoral specialization only
gradually reduces the optimal exchange rate fluctuations when substitutabil-
ity is low (A = 1), the effect is much sharper under a high substitutability.
For instance, with A\ = 6, the optimal exchange rate response when the de-
gree of substitutability is very high, though incomplete (7 = 0.95) is less
than half the response under complete specialization (y = 1).!!

Figure 4 shows that whereas a flexible exchange rate always dominate
a fixed rate,'? the amount of exchange rate fluctuations under the optimal
monetary policy can be quite subdued. To illustrate this point further, we
compare the welfare outcome under the optimal monetary policy with the
outcome under an optimal fixed exchange rate, under which the monetary
authorities in both countries react to the worldwide productivity shocks.

Consider for simplicity that shocks are purely sectoral, uncorrelated and of
identical volatility: E (ks)* = E (kg)® = E(k)?, E (kskg) = 0. From (31),
the expected welfare under the optimal fixed exchange rate (m = m* =
1k + Lkp) is:
2 2
1 9 1 2
Upeg — Ufiez = —gE (ka —kg)" = _ZE (k)

Under the optimal rule, the monetary stances are set according to (32)-(33)
and we write:

{(1*V)+2(>\*1)’Y(1*’Y)}2
1+4(A=1)y(1—7)

PN
Urroar — Uflex = — +(1—7) {%ﬁﬂ E (k)2

|+ =171 =) i) |

Figure 5 illustrates the gain from exchange rate flexibility by showing
the value of Urroar — Upgq, setting the standard deviation of shocks at 10
percent (E (k)*> = 0.01). The values on the vertical axis can be interpreted
as the percentage change in expected consumption that would be equivalent
to the welfare difference between a floating exchange rate and an optimal
peg. For example a value of 0.15 percent indicates that the gain of a float-
ing exchange rate, compared to an optimal peg, represent a 0.15 percent
increase in expected consumption. To scale the numbers, moving from an
optimal peg to flexible prices would represent the equivalent of a 0.25 percent

U'When v = 0.95, we have s = 0.46, whereas s = 1 when v = 1.
12A fixed exchange rate is only optimal when v = 0.5.
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increase in consumption. Recall that under complete sectoral specialization
(v = 1) the optimal flexible exchange rate brings the economy to the flexi-
ble price allocation. In other words, the value of flexibility under complete
sectoral specialization is a 0.25 percent increase in consumption. Figure 5
shows that the value of exchange rate flexibility is significantly reduced when
sectoral specialization is incomplete, especially if home and foreign brands
of a given type are highly substitutable. For instance, if A = 6 and sectoral
specialization is high but incomplete (v = 0.95), a flexible exchange rate is
equivalent to a 0.10 percent increase in consumption, less than half the value
of flexibility under complete sectoral specialization.

6 Self fulfilling equilibria

We have so far focused on the optimal monetary policy design, taking
the sectoral structure of the economy as given. The next step is to relax the
assumption of an exogenous sectoral structure by allowing firms to switch
from producing a brand of a certain type to producing a brand of the other
type. This allows for an exploration of the impact of monetary policy on the
incentive by firms to operate in a specific sector.

We leave a full blown characterization of the interaction between firms
and monetary authorities for further research, and choose to explore the is-
sue in a simple way by assessing which combinations of sectoral structure
and monetary policy are equilibria. More specifically, we compare the ex-
pected profits of a home firm producing type A with the expected profits of
a home firm producing type B. If the former exceed the later, a home firm
producing type B has an incentive to switch sectors, so the situation is not
an equilibrium. We conduct a similar analysis for foreign firms.

The analysis detailed in the Appendix shows that two combinations are
equilibria, focusing on sectoral shocks for brevity. The first equilibrium is a
situation of no sectoral specialization (y = 0.5) and an optimal exchange rate
peg (m = m* = 0.5 (ks + kg)). When the exchange rate does not fluctuate,
there are no ex-post fluctuations of firms’ competitiveness and all firms in a
given country are in an identical situation. With the same expected profits
in both sectors, firms are indifferent between producing brands of type A
and type B. A fixed exchange rate then supports any choice of sectoral
specialization, but only one choice (v = 0.5) in turn supports a fixed exchange
rate.
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The second equilibrium is a situation of complete sectoral specialization
(v = 1) and inward looking monetary policy (m = ka, m* = kg). In the
presence of exchange rate fluctuations, the expected profits are smaller for
a home firm producing type B than for a home firm producing type A.
Intuitively, a home firm producing type B faces a mostly foreign competition
and its competitiveness is significantly volatile because of the exchange rate
fluctuations. By contrast the competitiveness of a home firm producing type
A is steadier as it competes mostly against other home firm. This gives an
incentive for home firms to produce type A. The situation is mirrored in the
foreign country, where firms have an incentive to produce type B. A flexible
exchange rate then pushes the firms towards complete sectoral specialization,
a structure that in turn supports a flexible exchange rate regime.

The two equilibria described above can easily be ranked, with the flexible
exchange rate / complete sectoral specialization equilibrium dominating the
peg / no specialization equilibrium as it brings the economy to the flexible
price allocation. Our finding of two self-fulfilling equilibria is similar to the
analysis by Corsetti and Pesenti (2002) who focus on exchange rate pass-
through.

7 Conclusion

This paper re-assesses the benefit of exchange rate flexibility in delivering
efficient adjustments to shocks, and shows that the argument supporting a
flexible exchange rate may be weaker than previously thought. We expand
on the existing literature by allowing for a more general sectoral structure,
with each country producing goods of different types. Whereas a flexible
exchange rate is useful in adjusting to country specific shocks, its value is
much smaller when shocks are sector specific, even when specialization is
high.

Our analysis points to the need for further research into assessing whether
shocks are predominantly country or sector specific. It indicates that un-
certainties regarding the nature of shocks may lead to a ’fear of floating’
motivated by the risk of inefficient price movements at the sector level. An
interesting avenue for future research is to put the analysis in a setup where
the nature of the shocks is uncertain.
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8 Appendix

8.1 Level and log deviations
We derive the relation (15) by writing the level of variable X as:
X =exp(In X) = exp (2)

Take a second order expansion of this relation with respect to x:

1
exp () = exp (o) + exp (2o) (z — zo) + 5 &XP (0) (z — 20)”
Recall that z — g = In X — In Xy = x to write this relation as:

1 1
X:X0+X0x+§X0x2:X0 [1+x+§x2}

8.2 Planner’s allocation

A world benevolent planner maximizes an equally weighted average of
the home and foreign household welfare. With preferences separable in con-
sumption and effort, the planner does not allocate different consumption
levels for the two households, so C' = C*. The planner allocation is com-
puted ex-post and the objective is separable across the various states of the
world, so we focus on one particular state. The planner chooses the brand
specific consumption levels to maximize:

0.5v 0.5
lnC—/@/ Lap(2)dz—k Lgy(2)dz
0

0.5

0.5(2—) 1
—/@/ Lap (z)dz—m/ Lg r(z)dz
0

5 0.5(2—7)

subject to the conditions that the output of each brand is equal to its con-
sumption:

KA,HLA,H (Z) = CA,H (Z) s KB,HLB,H (Z) = CB,H (Z)
KA,FLA,F (Z) = CA,F (Z) s KB,FLB,F (Z) = CB,F (Z)

The first order conditions with respect to particular Cy i (2), Cp u (2),
Car (z) and Cp r (2) are:

1 80 80,4 8CA7H K

5 8C’A 8C’A7H 8C’A,H (Z) B KA,H
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l@C’ 8C'A 8C’A,F . K
C@CAaCA,FaCA,F(z) - KA,F

10C 9oCg 9Cpm K
C 8CB 8C’B,H 8C’B,H (Z) - KB,H
1 0C 0Cp 0Cpp K

COCz0Cpr0Csr(2)  Kprp

These conditions imply that the consumption allocation is identical for all
firms producing a specific brand in a specific country, that is: Ca g (z) =
2’7_10147[{, CA,F (Z) = 2 (1 — ’7)_1 CA,F, CB,H (Z) = 2 (1 — ’}/)_1 CB,H and
Cp.r(2) = 2y7'Cp . Using the forms of the consumption aggregates, the
first order conditions are rewritten as:

<1>%_ C’A,H(z)_fi K
2 Ca| Ca |  Kanm
()7 st s
2 Cal Ca |  Kar
()7 L fea] * s
2 Cp Cp | - Kpu
()% L[]t s
2 Cs| Cp | ~ Kpr

Combining these conditions shows that the relative consumption levels reflect
the productivity differences in exactly the same way as under flexible prices:

CA,H (Z) . [KA,Hl A CB,H (Z) lKB,H] g
CA,F (Z) KA,F ’ CB,F (Z) KB,F

Combining the first order conditions with the form of the consumption
indexes, we derive the consumption levels chosen by the planner:

CA,H (Z) = L ,\_E A7H> A—1
Koy (Kau) +1—=7)(Kar)
K Kuip) !
CA,F (Z) = s ,\_1< AﬁF) 3—1
Koy (Kan) +(1—7) (Kar)
K Kgg)!
CB,H (Z) _ B,H ( B,H)

£y (Kpm)' '+ (1—7) (Kpp)*
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Kpr (KB,F)/F1
Koy (Kpu) ™ 4+ (1 =) (Kpp)™
The consumption indexes then follow as:

1 . 1%
Cy = o [7 (Kam)™ '+ (1 =) (Kae) 1}

1 . —1]5=T
Cr = o (1 =) (K )™ ' 4 (K]

e ]

This allocation is similar to the one reached under flexible prices. Plug-
ging the optimal flexible prices (16) into the consumption demands of Table
2, and using the form of the consumption indexes, we can show that the
consumption levels under flexible prices are identical to the levels in the
planner solution, up to a constant reflecting the distortion from monopolistic
competition. For example, the aggregate consumption under flexible prices
is:

CB,F (Z) =

1 1

1

o1 v(Eam™ fﬁ [0 (K
O [ +(1=7) (Ear)™ +y (Kp )™

1 1
23=1

The only difference from the planner allocation is the 9%1 term.

8.3 Approximations of prices
8.3.1 Optimal individual prices

We now derive the second order approximations of the preset prices (8)-
(11). Starting with a home producer of type A, recall that P, g solves:

_ Ok _ _
PanB ()" = 7= EM (Kan) ™ (Pa)*

Define two variables G and F' that are set before the shocks are realized:

F=EPy)"" , G=EM(Kig) " (P)\"

We write the optimal price as a simple function of these two variables:

Ok g
0—1F

Pag =
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Note that this expression is linear in logs, so the following relation in logs
deviations from the steady state holds exactly:

pA,H:G_F

The F' and G are however not linear in logs. We start by rewriting them
as follows:

F = Z 7Tu PAu At Z 7Tufu
G = Zﬂ-u KAH’LL) PAu At Zﬂ-ugu
where u is and index of the states of the world and 7, is the probability of

state u. Note that the state specific terms f and ¢ are linear in logs, so the
following relations hold exactly:

fu - (>\ - 1) PAu 5 gy = My — kA,Hu + (>\ - 1) PAu

We now turn to the second order expansions, starting with the term F
and its components. Using (15) we write:

L)

1

2

Combining and simplifying we obtain:
1, 1 )
F+ §F = Zﬂ'ufu + 3 Zwu (fu)

The next step is to notice that F> = 0. Recall that F is a preset variable. As
the only stochastic variables are the productivity shocks and the monetary
stances, the deviations of F' around the steady states will be made of terms
of first and second order involving the monetary stances and the shocks:

F:Fl(m7k)+F2(mvk)

With F' being preset, Fi reflects the first moments of the stochastic variables,
and is a linear combinations of the expected log deviations of both monetary
stances and all four productivity shocks. (12) and (14) then imply F; = 0.
Squaring this expression we obtain:

F? = [ (m, k)" = O (3)

34



where O (3) are terms of order 3 and above that we drop as we limit ourselves
to a second order approximation. It follows that F? = 0. A similar reasoning
can be undertaken for the deviations of any preset variables. Such deviations
are of order 2, so the squared deviations are of order higher than 2 and can
be dropped.

The next step is to use the expression for f,to write:

(A —1)°

F— - ) Y mpa+ S o

The term p4, contains elements of first order as well as elements of second
order, the later capturing the risk premium contained in the preset prices.
Notice however that as we limit ourselves to terms up to order 2, we can see
that the only terms relevant for (p,)® will be the squared values of the first
order terms in p4,. In other words, we can evaluate the second order moments
based on a first order approximation of the model. With preset prices, the
price index pg, fluctuates only because of the exchange rate. Taking a first
order approximation of the expression in Table 2, we write:

PAuw = (1 _’7) Su

The home currency price index for type A increases following a depreciation
of the home currency because imported goods are more expensive. The
magnitude of the change reflects the share of foreign firms in sector A, namely
1 — ~. Using this result we write F as:

A-1*(1 -
2

We undertake similar steps for G. We take the second order expansions
for G and g,, combine them and use EG? = 0 to write:

1
G= Zﬂ-ugu + 5 Zﬂ'u (gu)2

Using the solution for g, and using (12) and (14) leads to:

F=(\—1)Eps+ g (s)?

G=(\—1)Epa+ %E [(m—kam)+(A—1) PA]2

We evaluate the second order terms by taking the first order approximation
Py = (1 — ) sy, and obtain:

B L[ E(m—kan)’+A=1)21—=7)E(s)
G_()\—l)EpA—f‘E +2<)\_1)(1—7)Es(m—7kA,H)
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We now combine our results for F and G we derive our expression for the
price deviation:

1
pas=G—F=-B(m—kun) +(A=1)(1-7)Es(m—kapn)

We next turn to a foreign firm producing type A. Its price (9) is written

as:
Ok

0—1
Define two preset variables G and F as:

F - E (PA),\A (S)lf)\ _ ZWu (PAU)/\A (Su)lfA
= Zﬂ-ufu
G = EM* (Kup) ' (PO (S) ™ = S mu Mz (Kapu) " (Pan) 1 (S0)

- Z TuGu

P} - 1s alog linear function of F' and G, and f, and g, are log linear functions
in their components. The following relations then hold exactly:

PirB (PO () = 2 EME (Kae) (PO (9)

PZ,F = G-F
fu = <)‘ - 1) (pAu - su) ) gu = m'z - kA,Fu + <)\ - 1) (pAu - Su)

We next use (15) to expand F' and f,, and combine the results to write:
1
F = ) mfut 3 S (Fl)?
1
= (A=1)(Epa—Es)+5E[A~1)(pa— s)J*

(6) shows that s = m — m*, and (14) then implies Es = 0. The second
order terms are computed based on a first order approximation, under which
pa —s = —vs, and we get:

F=(\= 1) Bpa+ 57 (A= 12 B (5

The term G is evaluated following similar steps. We first write the second
order approximation:

G=(\—1)Eps+ %E [(m* = kar) + (A= 1) (pa—9))*
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Evaluating the second moment based on the first order approximation p4 —
s = —ns, we get:

G = (A\—1)Eps+ %E (m* —kap)” + %72 (A=1)E(s)
+y(A=1)E(=s)(m* —kap)

The optimal price is then written as:
1
Phr = 5B (M —kap) +7(A=1) B (=) (m* — kar)

Turning to the price charged by a home firm producing type B (10), we
write:

Ok
-1
The steps are similar to the one followed for the derivation of (19), with the

second order terms computed using the first order approximation pg = 7s.
The analysis leads to:

PpyE (Pg) ' = EM (Kgpg) " (Pp)*!

1
P = 55 (m— kp,i)* +v (A= 1) Es(m — kg i)

Finally, the price charged by a foreign firm producing type B (11) is
written as:

Ok
0—1

Py pE (Pp)* ™1 ()7 = EM* (Kpp)™' (Pp)*7 (5)' 7

The analysis follows the steps used in deriving (20) and we obtain:
1
P = 5B (M —kpp)’ +(1=7) (A =1) E (=) (m* — kp p)

8.3.2 Price indexes

The approximation of the price index for type A, P4, proceeds as follows.
Recall that in every state of nature, u, Py, = SuP) p, and that the prices
Py and P}  are preset. The price index is written as:

_ _ 11—
[Pau' =7 [Pau]' *+ (1 =) [SuPir|
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Recall that in the symmetric steady state Pag = Pa mo = S0P} o = Fo. We
take a second order approximation of the left-hand side as follows:

[Pa] ™ = [R]+ (1= N [R] 7 (Pau — R)
A= X [R5 (P = R’
— B ll (=N (LAHPZ PO) A1 )\)% (LMP; PO) 1

Using (15) this becomes:

Pl = (B L+ (1= 2) (Paw+ 3 (Paw) )2 ]

A1 =23 (Pau+ 3 (Pan)?)

= [R)" [1 + (1= A) pau + % (A= 1) (pau)”

+ 0O (3)

where O (3) represents terms of order 3 and above that we drop. We can
take similar approximations of the two components on the right hand side of
the price index:

(Pan™ = [R][1 0= X b+ 5 0= 1 (pan)?
SuPie] T = R [ =N (supig) 5 (- D (st e ]

Combining our results and cancelling terms we write:

Pam + % (1-2) (PA,H)2]

1
PAu + 3 (1-X (PAu)2 = 7

H =) (st pir) +5 0= (su+pr) ]

From (19) and (20) we know that p4, ;7 and p}; r are of order 2. As we omit

2
terms of order 3 and above, we can write (p4z)”> = 0 and (su + pjilyF) =
(su)Q, as s, is of order 1. The expansion of the price index is then:

1 2 .
paut 5 (1=N) (paw)’ = Pan+(1—7) (su+Pir)

2
by (=) (1= 2) ()
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The next step is to evaluate the second order term (p Au)2 based on the first
order approximation that pa, = Ypag+(1 —7) (Su + P, F) Omitting terms
of order 3 and above, we use this approximation to write :

(Pau)” = (1=7)"(su)°

Using this results, we write the final approximation of the price index:

paw = YPan + (1 =) (su +Pir) — %v (1= (A= 1) (s)*

Following similar steps for the price index of type B, Pg,, we obtain:

piu = (1 =) Pri+7 (su+Phr) — %v (1=7)(A=1)(s)"

8.4 Expected effort
Using the output demands (7) the expected effort for the home household

in producing brands of type A is written as:

_)\P

P
AH o

Py

ELyy = E(Kaw) ' Yan=E(Kan)'

= (Pan) " EM (Kam) ' (P!

Define the ex-ante variables Q4 g = E (KA,H)_1 Yagand F = EM (KA,H)_1
(PA)A_l, and write:

Qanm = (PA,H)_)\F = (PA,H)_)‘ > mufu

Qa,m is log-linear in its components, as are the state specific f,’s. The
following relations then hold exactly:

Qam=-2pan+F , fu=my—kspu+(A=1)pau

F' is not log linear in its components, so we use the usual second order
approximations to write:

F:Ef+%E(f)2 = ()\—1)EpA+%E[(m—kA,H)+()\—1)PA]2

39



The second order moments are used based on the first order approximation
that pa, = (1 — ) sy, leading to:
1 1
Fr= (\=1DBpatzE(m=—kin) +50 -1 1= E(s)’
+A=1)(1—~)Es(m—kan)

We put our results together, and use the expectations of (24), as well as (19)
to derive:

Qur = —(A=1)(1-1) (PA,H - PZ,F)

P B

The deviations of expected effort from the steady state are of order 2, and
the expected effort level can be easily inferred using:

0—1

ELsn=Qamno[l+Qanl = e 1+ Qan]

Using the output demands (7) the expected effort for the home household
in producing brands of type B is written as:

ELByH = E(KByH)ilYB,H
= (Ppu) "EM (Kppu) ' (Ps)!

Define the ex-ante variables Qp np = E (KB,H)f1 Ypyand F = EM (KB,H)f1
(Pp)* ', we write:

Qp,H = (PB,H)iA F= (PB,H)i)\ > Tufu
The following relations hold exactly:
Quw=—-2ppu+F , fu=my,—kpuu+(A—1)ps.

Following similar steps as for the Q4 n we write:

F = A\-1)Eps+ %E (m —kpm)? + % (A= 1)°7°E (s)®

+ ()\ — 1) ’)/ES (m — kB,H)
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We put our results together, and use the expectations of (25), as well as (21)
to derive:

2y —1
2

We now turn to the expected effort by the foreign household. The effort
used in producing brand of type A is:

(A=1)*7E(s)*

Qeu=—MA-1)y (pB,H — PE,F) +

ELsp = E(Kap)” Yar
= (Pip) EM(Kap) ' (P05
Define the ex-ante variables Q4 p = E (KA’F)f1 Yipand F = EM (KA,F)f1
(P)*1 S, we write:
-A -A
QA,F = (PA,F> F= (PA,F> Zﬂ-ufu
The following relations hold exactly:
QA,F = —)\PZ,F + F ) fu =My — kA,Fu + ()\ - 1) PAvw — )\Su

Following the usual steps we write:

F o= (A—1)EpA+%E(m—kA,F)2+%[<A—1)(1—7)—A]2E(s)2

+[(A=1)(1—=7v) =X Es(m—kar)

We put our results together, and use the expectations of (24), as well as (20)
to derive:

L 1)E ()

Qar=0A—-1)y (pA,H — PZ,F) +

We finally the effort exerted by the foreign household in producing brand
of type B:

ELpr = E(Kpr)  Ypr
_ « A -1 A1 G=A
= (PB,F> EM (Kpr) (Ps)” S

Define the ex-ante variables Qp r = E (KB,F)f1 Yprand F = EM (KB,F)f1
(P)* ' S, we write:

Qp,r = (PE,F>_)\F = (PE,F>_)\Z7Tufu
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The following relations hold exactly:
QB,F - —)\PE,F + F 5 fu =my — kB,Fu + ()\ - 1) PBu — >\Su

Following the usual steps we write:

1 1
Fr= (A\=1)Epp+5E(m- kp.p) + SIA=1)7 - N2 E (s)?
+{A =1y = A Es(m—kpr)
We put our results together, and use the expectations of (25), as well as (22)
to derive:

2v —1

=1 (=) E )’

Qer=A—-1)(1-7) (PB,H - p*B,F) -

8.5 Welfare expressions
8.5.1 Sticky prices

We show how to express the welfare objective as deviations from the
flexible price allocation. Using our results, the objective is written as:

U = Uy+FEc=Uy+ Em— Ep
= Uy+ Em— Ep

Using (14) and (19)-(25) we write:

1 1
= ——Fpy—=-F
U U, 5 Pa 5 PB

g L pam =) pie =57 (=) (A= D E(s)’ 1
° 2 (=) e+ Phr— 371 —7) (A — 1) E(s)?

| YE (m —kam)’ + (1 =7) E(m* = kap)’

+ (1 — ’)/) FE (m — kB,H)2 + ’)/E (m* — kBJFQ)Q

| S

—(A=1v(1-19) [E (kaor — kA,F)2 + E (kp,n — kB,F)Q} |
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8.5.2 Flexible prices

Under flexible prices, the welfare is expressed as (focusing on consumption
stabilization):
Ufleq: = UO + Emfleq: - Epfleq:

We set Emye, = 0 for simplicity, although the monetary stance has no real
impact under flexible prices. The individual flexible are given by (8)-(11) in
ex-post terms, and are log linear so we write:

PAHu = My — kA,Hu 5 PA Fu = My — kA,Fu

PB,Hu = My — kB,Hu y  PB,Fu = My — kB,Fu

The price indexes for type A and B are not log linear, so we take second
order approximations. Starting withe P4, we write:

[Pa ™ =7 [Pagra] 7+ (L =) [Pard ™

We take a second order approximations of both sides and combine them to
get:

1
PA Hu + 5 (1 - )\) (pA,Hu)2:|

1
pant 5 (1= ) (pau)” = 7

+(1—7)

1
pA,Fu + 5 (1 — )\) (pA,Fu)2

We evaluate the second order terms (p Au)Q based on a first order expansion:
Pau = YPA ru+ (1 — ¥) pa Fu, and use our results for p4 g, and pa g, to write:

o = vl — k] + (1= ) [me — karl

1

-5 A =1y (1 =) (ks — karu)’

Following similar steps for the price index of type B, we obtain:
Ppe = (1—7)[m,— kB,Hu] + v [my — kB,Fu]
1
—5 ()\ - 1) Y (1 - 7) (kB,Hu - kB,Fu)2

The expected consumer price index under flexible prices is then written
as follows, using (12):

1 1
Epflem = EEPAu+§EPBu

- _i A=1Dv(1=7)[E(kam —kar)’ + E (kpy — kpr)’|

43



And the expected welfare under flexible prices is:
1
Uftex = Uy + 1 A=D1y (1—7) [E (kaw — kA,F)2 + E (kp,n — kB,F)Q}
Combining this result with the expected welfare under sticky prices leads to
(31).
8.6 Endogenous sectoral structure

We compare the expected discounted profits of different firms, using the
marginal utility of income as a discount factor. Starting with a home pro-
ducer of type A, we write:

1 W ] [Par] *PC
Mgy =FE—— |Pang — :
A= pC [ A KA,J Py] P,
Using the optimal pricing (8) we can rewrite this as:

1 - -
Map =5 (Pam) ™ E(Pa)*"

We can derive a similar expression for a home producer of type B:

1 _ _
HRHzgu%ﬂﬂAEuﬁﬁl

Similar steps lead to the following expressions for foreign firms:

* 1 * =2 - —
HA,H = 5 (PA,F) E<PA)/\ ! (S)l g

* 1 * =X — —
HB,H = 5 (PB,F> E(PB)/\ ' (S)l g

These expressions can be rewritten as log approximations. Using our
results for the approximations of E (P,)*" and E (P,)*™" (5)' ™ we get:

B-D(-9)°, (S)Q]

Nam = (A—=1)|—pan+ Epa+ 5

[ A—1)~?
Mgy = (A—1) —pB,H—i—EpB—F%E(s)Q]

[ A —1)~2
M = 0= 1) ot Boat S B ]

A-DA=7" .
5 E(s)]

Nyr = (A=1)|=ppr+ Eps+
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We focus on the profit differences between firms of different types in a given
country:
Nag —MNpr =

A—1)| (Par — pBar) + (Epa — Epp)
—(’\_1)527_1)E(s)2

e e — 1| —(Pr—Phr) + (Epa— Epp)
I_lA,F I_IB,F - ()\ 1) [ +§)\—1!22'y—1 E(S)2

We use the log approximations of the optimal prices and price indexes (19)-
(25), and focus on sectoral shocks (kay = kar = ka, kg yw = kg r = kg) to
write:

N =N %E(m—kA)2+()\—1)(1—7)Es(m—kA)
(A—1) N (1 7)<—%E(m*—kA)Q—7()\—1)E(—s)(m*—kA))
LE(m—kp)*+~v(A—1)Es(m—kg)
“( —1B(m* —kp)* — (1—9) (A= 1) E(=s) (m" — Kkp) )
_(A—l)(2v—1)E(S)2
2

Myr—Npr _ < %E(m—kA)2+()\—1)(1—7)Es(m—kA) )
01 T\ B (m = ka) =y (A= 1) E(=s) (m* — ky)
(1=~ IE(m—kg)’ +7(\—1) Es(m —kg)
D\ LB (m —kp)* = (1= 7) (A= 1) B (=s) (" — kp)
+(A—1)§27—1)E(s)2

As m* = m — s these expressions simplify as:

Man—Mps = AA—1) [ —(1—7)Es(m—kxs) +vFEs(m—kg) ]

_ (27;1)E (5)2

HZ,F_H*B,F = A(A—1) l VES(m—k,i)(Q—’YT(ll);Zs))fs(m_kB) 1

We can easily see that when the exchange rate does not fluctuate, all
the terms are equal to zero: NMa g —MNp g =) p — Mz = 0, so firms are
indifferent with respect to their sector. A fixed exchange rate then supports

any sectoral allocation, but only the allocation v = 0.5 supports a fixed
exchange rate.
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The second equilibrium is the case where sectoral specialization is com-
plete (7 = 1) and monetary policy is inward looking (m = k4, m* = kg). In
this case we have:

AN

—1
Namg—TNpr = T)E (ka — kB)2 >0

. . A(A=1
Myp—MNpr = A 5 )E(kA —kp)? <0
so home [foreign| firms have an incentive to produce type A [B], thereby
sustaining the sectoral specialization that motivates the inward looking mon-

etary policy.
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Figure 1: Sectoral specialization
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Figure 2: Consumption allocation

Aggregate C
Types Ca 1
Origin Can A Car CshH
0 0 0

Brands Can(2) Car(2) Cen(2)
Elasticities of substitution: - between types (A vs. B): 1

- between origins within type (A,H vs. A,F): A

- between brands within origin and type 0

(different A,H(z))

Ranking of elasticities of substitution: 6 >A > 1
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Figure 3: Monetary response to a unit shock in sector A
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Figure 4: Optimal exchange rate response to a unit shock in sector A
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Figure 5: Welfare gain from exchange rate flexibility

0.25% 1 <—— U (flexible prices) - U (peg)

0.20% -
0.15% -
Lambda=1
----- Lambda =2
Lambda=6
0.10% -
0.05% -
0.00% T T T T T T T 1
0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

y. Degree of sectoral specialization






