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Abstract

The international welfare effects of a country’s monetary policy shocks have been controversial

in the new open economy macro (i.e., NOEM) literature. While a unilateral monetary expansion

increases the production efficiency in each country, it affects the terms of trade in favor of one

country against another depending on the currencies of price setting. In this paper, we incorporate

multiple stages of production and trade into a standard NEOM model to capture world production

interdependence, and show that increased world production interdependence tends to magnify

the efficiency-improvement effect while dampening the terms-of-trade effect. As a consequence, a

unilateral monetary expansion can be mutually beneficial regardless of in which currency prices

are set. In this sense, international monetary policy transmission may not be a source of potential

conflict in a world with production interdependence.

JEL classification: E32, F31, F41

Key Words: Stages of processing; Monopolistic competition; Local currency pricing; Welfare
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Non-Technical Summary

How a country’s monetary policy surprises affect its own and trading partners’ wellbeing has

been controversial in the new open-economy macroeconomics literature that features monopo-

listic competition and nominal rigidities. While a unilateral monetary expansion helps alleviate

monopolistic distortions so as to raise output to a more efficient level in each country, it also

affects terms of trade in favor of one country and against another depending on the currencies

of price setting. If prices are set in sellers’ currency unit, then a unilateral monetary expansion

weakens the source country’s terms of trade, the effect of which may counteract the efficiency

improvement effect, and may thus reduce the source country’s welfare. On the other hand, if

prices are set in buyers’ currency unit, a country’s monetary expansion improves its own terms of

trade at the cost of its trading partners, so that the policy tends to have a “beggar-thy-neighbor”

effect. Since in reality both sellers’ and buyers’ local currency pricing behaviors are present, any

policy recommendations emanating from this literature must be highly qualified.

The current paper proposes to resolve the welfare controversy by allowing countries to trade

not only finished consumption goods but also intermediate goods at various stages of processing.

We show that increased world production interdependence magnifies the efficiency-improvement

effect while dampening the terms-of-trade effect. Thus, a unilateral monetary expansion can be

mutually beneficial regardless of the currencies of price setting.

There are two reasons why increased production interdependence magnifies the efficiency im-

provement effect of monetary expansions. First, with monopolistic distortions at each stage of

processing, there is a greater degree of production inefficiency to be improved upon along a longer

processing chain. Second, with staggered price-setting at each stage, material costs and firms’

marginal costs rise less in the home currency unit and, due to home currency devaluation, fall

more in the foreign currency unit at a more advanced processing stage. With a greater number of

processing stages, the rise in the home price level would thus become more sluggish and the fall in

the foreign price level become more pronounced, so that real aggregate demand and consumption

rise by more in both countries. Meanwhile, as production and trade move from less to more ad-

vanced processing stages, material inputs become increasingly cheaper than labor, and thus firms

would have stronger incentives to substitute away from labor toward material inputs. In other

words, with more stages of production and trade, households can enjoy more consumption with-

out necessarily working harder, while the terms-of-trade effect becomes relatively less important,

leading to welfare improvements in both countries, regardless of the currencies of price setting.
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1 Introduction

The welfare consequence of international monetary policy transmission has long concerned economists

and policymakers. In a world with international trade linkages for goods and assets, how a coun-

try’s monetary policy surprises affect its own and trading partners’ wellbeing is crucial to the

stability of the international monetary system. For instance, since the breakdown of the Bretton

Woods system, concerns over competitive devaluations have been an important topic in academic

writings and popular presses, and have motivated designs of international monetary institutions

and rules to prevent countries from adopting “beggar-thy-neighbor” policies or engaging in a

devaluation spiral. It is often argued that currency devaluation following a unilateral monetary

expansion may benefit the source country at the cost of trading partners.

Do countries’ monetary policy expansions necessarily have negative international welfare spill-

over effects? In the earlier literature, discussions on such issues have usually been based upon

the classical Mundell-Fleming-Dornbusch model, which, however, is not built on explicit micro-

foundations and thus fails to provide a consistent welfare metric for policy analysis. Welfare

analysis in this literature typically rests upon ad-hoc objective functions.1

The new open-economy macroeconomic models pioneered by Obstfeld and Rogoff (1995) em-

phasize the roles of monopolistic distortions and nominal rigidities with explicit micro-foundations.

These models provide a sound theoretical apparatus that is apt at carrying out welfare analysis

— the utility function of a country’s representative household serves as a natural measure for

the country’s welfare. However, controversial welfare results have been obtained in this class of

models, depending on whether price contracts are set in sellers’ or buyers’ currency unit. While

a unilateral monetary expansion helps alleviate monopolistic distortions so as to raise output to

a more efficient level in each country, it affects terms of trade in favor of one country and against

another depending on the currencies of price setting.

If prices are set in sellers’ currency unit, then a unilateral monetary expansion weakens the

source (home) country’s terms of trade, causing international expenditure switching to its goods.

The worsened terms of trade reduce the home country’s purchasing power, and the expenditure

switching forces its households to work harder. Depending on parameter values, the efficiency-

improvement effect may or may not outweigh the terms-of-trade effect, so that the home country’s

welfare may rise [e.g., Obstfeld and Rogoff (1995)] or fall [e.g., Corsetti and Pesenti (2000)]. The

foreign country’s welfare necessarily improves since both effects work to its favor. In contrast, if

prices are set in buyers’ currency unit, then the home monetary expansion, while generating two

effects both in favor of the home country, worsens the foreign country’s terms of trade, causing
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international expenditure switching to foreign goods, so that foreign real purchasing power declines

and its households have to work harder to meet the higher demand for its goods. Under plausible

parameter values, the terms-of-trade effect tends to dominate the efficiency-improvement effect,

so the foreign’s welfare falls [e.g., Betts and Devereux (2000)]. In other words, under buyers’ local

currency pricing, monetary policy can be a beggar-thy-neighbor instrument.2

These controversial welfare results present an issue of concern for monetary policy making in an

increasingly globalized world economy. If sellers’ local currency pricing behavior better captures

reality, then a country’s attempt to close its domestic output gap through creating monetary

surprises may end up hurting itself since the improvement in production efficiency can be more

than offset by the deterioration of its terms of trade. The terms-of-trade consideration may thus

provide a useful commitment device to discourage a benevolent central bank from trying to create

surprise inflation. By contrast, if buyers’ local currency pricing is an empirically more relevant

phenomenon, then a country would be tempted to engineer surprise devaluations to close its own

output gap while “free-riding” on trading partners. This raises the possibility of “competitive

devaluation,” a concern shared by the traditional Mundell-Fleming-Dornbusch model. Since in

reality both sellers’ and buyers’ local currency pricing behaviors are present [e.g., Obstfeld and

Rogoff (2000) and Goldberg and Knetter (1997)], any policy recommendations emanating from

this literature must be highly qualified.

In this paper, we propose to resolve this controversy by incorporating an empirically relevant

feature into an otherwise standard new open-economy macroeconomic model. Specifically, we

maintain that countries can trade not only finished goods but also intermediate goods produced

at various stages of processing. Such a chain structure of production and trade has been of rising

importance in modern world trade [e.g., Feenstra (1998), Hummels, et al. (2001), and Yi (2003)],

and yet remarkably overlooked in the new open-economy macroeconomic literature. We show

that this increased world production interdependence magnifies the efficiency-improvement effect

while dampening the terms-of-trade effect. As a consequence, a unilateral monetary expansion

can be mutually beneficial and thus Pareto improving regardless of the currencies of price setting.

Production interdependence in the form of multiple stages of processing and trade magnifies

the efficiency-improvement effect for two reasons. First, with monopolistic distortions at each

stage of processing, there is a greater degree of production inefficiency to be improved upon

along a longer processing chain. Second, given staggered price-setting, material costs and firms’

marginal costs rise less in the home currency unit and (due to home currency devaluation) fall

more in the foreign currency unit at a more advanced processing stage. Thus firms at a later

processing stage would raise their prices set in the home currency unit by less and lower their
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prices set in the foreign currency unit by more. With a greater number of processing stages, the

rise in the home price level becomes more sluggish and the fall in the foreign price level becomes

more pronounced, so that real aggregate demand and consumption rise by more in each country.

That said, to produce more consumption goods requires more labor along with more material

inputs, which seems to render the welfare effects potentially ambiguous. Such a concern is, how-

ever, not substantiated. As production and trade move from less to more advanced processing

stages, the patterns in the price adjustments across different stages make material inputs increas-

ingly cheaper than labor, and firms would have stronger incentives to substitute away from labor

toward material inputs. As a result, aggregate employment would not rise monotonically with the

number of processing stages. With a larger number of processing stages, households can enjoy

more consumption without necessarily working harder, while the terms-of-trade effect becomes

relatively less important. In consequence, the unilateral monetary expansion tends to benefit both

countries, regardless of whether prices are set in sellers’ or buyers’ local currency unit. In this

sense, international monetary policy transmission may not be a source of potential conflict in a

world with increasing production interdependence.

The rest of the paper is organized as follows. Section 2 sets up the model. Section 3 illustrates

the controversy of the welfare results in the literature, based on a degenerate version of the model

with a single stage of processing. Section 4 presents the main results in the model with multiple

stages of production and trade and shows that it may help resolve the controversy. Section 5

concludes. We focus on explaining intuitions in the main text and relegate analytical results and

proofs to the Appendix.

2 A Model with Multiple Stages of Production and Trade

Consider a discrete-time, two-country world economy, with a home country and a foreign country.

Each country is populated by an infinitely-lived representative household. Each household derives

utility from consumption of finished goods, real money balances, and leisure. Production of

consumption goods in each country needs to go through N ≥ 1 stages of processing. In particular,

production of finished goods requires labor supplied by domestic households and intermediate

inputs supplied by domestic and foreign producers. Production of intermediate goods requires

labor and less processed intermediate inputs supplied by domestic and foreign firms, and so on.

Production of raw materials requires only domestic labor input. At each processing stage, there

is a continuum of firms indexed in the interval [0, 1], each producing a differentiated good. Labor

market is perfectly competitive and goods markets are monopolistically competitive. Firms at each
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processing stage set prices in a staggered fashion in the spirit of Taylor (1980). While all goods

are tradable, labor is immobile across countries. The households have access to a complete set of

state-contingent nominal bonds denominated in the home currency unit.3 Figure 1 illustrates the

production and trading structure of this world economy.

2.1 Preferences and Technologies

Given the symmetry between the two countries, we focus on presenting the economic environment

in the home country. The representative household in the home country has a utility function

E
∞∑

t=0

βt
[
ln Ct + Ψ ln

(
Mt

P̄Nt

)
− κLt

]
, (1)

where Ct denotes consumption, Mt/P̄Nt denotes real money balances, Lt denotes labor supply,

β ∈ (0, 1) is a subjective discount factor, and E is an expectation operator. Note that the linearity

of the period utility function in labor hours is a consequence of aggregation when labor is assumed

to be indivisible and such a utility function is consistent with any labor supply elasticity at the

individual level.

The household faces a sequence of budget constraints

P̄NtCt + EtDt,t+1Bt+1 + Mt ≤ WtLt + Πt + Bt + Mt−1 + Tt, (2)

where Bt+1 is a state-contingent bond, Dt,t+1 is the price of the bond, Wt is the nominal wage

rate, and Tt is a lump-sum transfer from the domestic government.

The consumption good is a composite of final goods produced at stage N by domestic as well

as foreign producers. The consumption basket is given by

Ct =
[
γ

1
η Ȳ

η−1
η

NHt + (1− γ)
1
η Ȳ

η−1
η

NFt

] η
η−1

, (3)

where ȲNH =
(∫ 1

0 YNH(i)
θ−1

θ di
) θ

θ−1 denotes a composite of domestically produced final goods and

ȲNF =
(∫ 1

0 YF (i)
θ−1

θ di
) θ

θ−1 is a composite of imported final goods. The parameter θ measures

the elasticity of substitution between differentiated goods produced within a country; while η

is the elasticity of substitution between goods produced in different countries. Given θ and η,

the parameter 1− γ determines the steady-state ratio of imports to domestic output. To ensure

existence of equilibrium under monopolistic competition, we assume that θ > 1.

The household maximizes utility subject to (2)-(3) and a borrowing constraint Bt ≥ −B̄ for

some large positive number B̄, for each t ≥ 0, with initial conditions M−1 and B0 given. From

the first order conditions, we obtain demand functions for a type i finished good produced in the
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two countries:

Y d
NHt(i) = γ

[
PNHt(i)
P̄NHt

]−θ
[
P̄NHt

P̄Nt

]−η

Ct, (4)

Y d
NFt(i) = (1− γ)

[
PNFt(i)
P̄NFt

]−θ
[
P̄NFt

P̄Nt

]−η

Ct, (5)

where P̄NH =
(∫ 1

0 PNH(i)1−θdi
) 1

1−θ is a price index of stage-N goods produced and used in the

home country, and P̄NF =
(∫ 1

0 PNF (i)1−θdi
) 1

1−θ a price index of stage-N goods made in the foreign

country and sold to the home country. The overall price level in the home country is an average

of the two, that is,

P̄Nt =
[
γP̄ 1−η

NHt + (1− γ)P̄ 1−η
NFt

] 1
1−η . (6)

To produce a final good requires primary factors (i.e., labor in this model) and intermediate

goods produced at stage N − 1 (by domestic as well as foreign producers); to produce a stage-

(N−1) intermediate good requires primary factors and less-processed intermediate goods produced

at stage N − 2; and so on. In general, the production function for a firm i ∈ [0, 1] at stage

n ∈ {2, . . . , N} is given by

Ynt(i) = Ȳn−1,t(i)φLnt(i)1−φ, (7)

where Ln(i) is the labor input and Ȳn−1(i) =
[
γ

1
η Ȳ

η−1
η

n−1,H + (1− γ)
1
η Ȳ

η−1
η

n−1,F

] η
η−1

is the inter-

mediate input supplied by firms at stage n − 1, consisting of home produced goods Ȳn−1,H =[∫ 1
0 Yn−1,H(i)

θ−1
θ di

] θ
θ−1 and imported goods Ȳn−1,F =

[∫ 1
0 Yn−1,F (i)

θ−1
θ di

] θ
θ−1 . The output is ei-

ther sold in the home market or exported to the foreign market so that Yn(i) = YnH(i) + Y ∗
nH(i).

The production of raw materials at stage n = 1 requires only labor input, with a linear production

function given by Y1(i) = L1(i), where the output is either sold to the home market or exported

so that Y1(i) = Y1H(i) + Y ∗
1H(i).

2.2 Optimal Price-Setting Rules

Firms are as monopolistic competitors in output markets and price-takers in input markets. To

generate real effects of monetary policy shocks, we assume that, in each country, pricing decisions

at each processing stage are staggered. In particular, in each period, a fraction 1/2 of home

producers at a given stage n ∈ {1, · · · , N} can adjust prices. Once a new price is set, it remains in

effect for 2 periods. We sort the indices of firms at each stage so that those indexed by i ∈ [0, 1/2]

set prices in even periods of time and those indexed by i ∈ (1/2, 1] set prices in odd periods.

We consider the welfare implications of our model under two alternative pricing policies. In one

scenario, prices are rigid in sellers’ local currency, so that changes in nominal exchange rate would
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be completely passed through; in the other scenario, prices are rigid in buyers’ local currency, and

exchange rate pass-through might be incomplete.

2.2.1 Sellers’ Local Currency Pricing

We now derive the optimal pricing decisions when prices are set in sellers’ local currency. In this

case, the law of one price (LOOP) holds not only for each individual type of goods, but also for

the composite goods produced at each stage. Denote by Et the nominal exchange rate (measured

by home currency units per unit of foreign currency). Then the LOOP implies that

P̄nHt = EtP̄
∗
nHt, P̄nFt = EtP̄

∗
nFt, (8)

for all n ∈ {1, . . . , N}, where P̄nHt and P̄nFt denote the home price indices of goods produced by

home firms and by foreign firms, respectively, and P̄ ∗
nHt and P̄ ∗

nFt are the corresponding foreign

price indices. It is worth noting that, since home goods and foreign goods are imperfect substitutes,

the purchasing power parity in general fails to hold, that is, P̄nt 6= EtP̄
∗
nt unless γ = 1/2, in which

case, there is no steady-state home-bias.

If a home firm i ∈ [0, 1] at stage n ∈ {1, . . . , N} can set a new price, it chooses a price PnHt(i)

to maximize the profit

Et

t+1∑

τ=t

Dt,τ [PnHt(i)− Vnτ (i)]Y d
nτ (i), (9)

taking the unit cost function Vnτ (i) and the demand function Y d
nτ (i) = Y d

nHτ(i)+Y ∗d
nHτ(i) as given.

The unit cost for a firm at stage 1 is simply the nominal wage rate since labor is the only

input at that stage. That is,

V1(t) ≡ V1(i, t) = W (t). (10)

The unit cost for a firm at stage n ≥ 2 is derived from minimizing the cost P̄n−1Ȳn−1 + WLn

subject to the production function (7), and is given by

Vn(t) ≡ Vn(i, t) = φ̃P̄n−1(t)φW (t)1−φ, (11)

where φ̃ = φ−φ(1 − φ)−(1−φ) is a constant and P̄n−1(st) is the price index of all goods produced

at stage n− 1. In particular, the price index of stage-n goods is given by

P̄nt =
[
γP̄ 1−η

nHt + (1− γ)P̄ 1−η
nFt

] 1
1−η , (12)

where P̄nH =
[∫ 1

0 PnH(i)1−θdi
] 1

1−θ and P̄nF =
[∫ 1

0 PnF (i)1−θdi
] 1

1−θ are the price indices of home

goods and of imported goods, respectively.
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The demand schedules resulting from cost-minimization are given by

Y d
nHt(i) = γ

(
PnHt(i)
P̄nHt

)−θ
(

P̄nHt

P̄nt

)−η (
φ

1− φ

)1−φ (
Wt

P̄nt

)1−φ ∫ 1

0
Yn+1,t(j)dj, (13)

Y d
nFt(i) = (1− γ)

(
PnFt(i)
P̄nFt

)−θ
(

P̄nFt

P̄nt

)−η (
φ

1− φ

)1−φ (
Wt

P̄nt

)1−φ ∫ 1

0
Yn+1,t(j)dj, (14)

where n ∈ {1, · · · , N − 1}. Equation (13) says that the demand for a type i good produced at

stage n will be higher if its price relative to the price index of all such goods is lower, if the price

index of these goods relative to the overall price index of stage-n goods is lower, or if the cost

of materials relative to the cost of labor is lower. The demand function in (14) can similarly be

interpreted.

The solution to firm i’s profit maximization problem gives the optimal price setting rules

PnHt(i) =
θ

θ − 1
Et

∑t+1
τ=t Dt,τVnτY

d
nτ(i)

Et
∑t+1

τ=t Dt,τY d
nτ(i)

, (15)

where n ∈ {1, . . . , N}. The pricing rule in (15) says that the optimal price set by a home firm

is a constant markup over a weighted average of the firm’s two-period expected marginal costs.

The weights are normalized quantities of demand for its products in the corresponding periods.

Similarly, a foreign firm who can set a new price will set its price, P ∗
nFt(i), as a markup over a

weighted average of its current and expected future marginal costs.

2.2.2 Buyers’ Local Currency Pricing

We now consider the case where firms can price-discriminate markets in different countries and

set prices in buyers’ local currency. In this case, the law of one price in general does not hold.

When a home firm i can set new prices, it chooses prices PnHt(i) for its products to be sold in

the home market, and P ∗
nHt(i) for those to be exported, to maximize its two-period profit, taking

the demand functions in each market as given. The firm’s objective function is given by

Et

t+1∑

τ=t

Dt,τ{[PnHt(i)− Vnτ (i)]Y d
nHτ (i) + [EtP

∗
nHt(i)− Vnτ (i)]Y ∗d

nHτ (i)}, (16)

where Y d
nH(i) is the domestic demand for the firm’s product given by (13), and Y ∗d

nH(i) is the

foreign’s demand for the firm’s product, given by the foreign counterpart of (14).

The resulting optimal pricing decision rules are given by

PnHt(i) =
θ

θ − 1
Et

∑t+1
τ=t Dt,τVnτY

d
nHτ(i)

Et
∑t+1

τ=t Dt,τY d
nHτ(i)

, (17)

P ∗
nHt(i) =

θ

θ − 1
Et

∑t+1
τ=t Dt,τVnτY

∗d
nHτ(i)

Et
∑t+1

τ=t Dt,τEτY ∗d
nHτ(i)

, (18)

where n ∈ {1, . . . , N}. The optimal pricing decisions by firms in the foreign country (i.e., the

choices of P ∗
nFt(i) and PnFt(i)) can similarly be derived.
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2.3 Monetary Policy, Market Clearing, and Equilibrium

The monetary authority in each country injects newly created money through lump-sum transfers

to the representative domestic household, so that

Tt = Mt −Mt−1, T ∗t = M∗
t −M∗

t−1. (19)

The stocks of money supply grow according to Mt = µtMt−1 and M∗
t = µ∗t M∗

t−1, where the money

growth rates µt and µ∗t follow stationary stochastic processes.

Labor market clearing requires that
∑N

n=1

∫ 1
0 Ld

nt(i)di = Lt and
∑N

n=1

∫ 1
0 L∗dnt(i)di = L∗t . Bond

market clearing implies that Bt + B∗
t = 0.

An equilibrium for this economy is a collection of allocations and prices such that (i) taking

wages and prices as given, each household’s allocations solve its utility maximization problem; (ii)

taking wages and all prices but its own as given, each firm’s allocations and prices solve its profit-

maximization problem; (iii) markets for labor, money, and bonds clear; (iv) monetary policies are

as specified.

In what follows, we focus on a symmetric equilibrium in which all firms in a given price-setting

cohort make identical pricing decisions. In such an equilibrium, firms are identified by the country

in which they operate, the stage on which they produce, and the time at which they can change

prices. Thus, from now on, we drop the individual firm index i, and denote by, for example, PnH(t)

the price set for the home market by a firm that operates in the home country, produces on stage

n, and gets the chance to change its price at time t. We log-linearize the equilibrium conditions

around a balanced-trade steady state and use lowercase letters to denote log-linearized variables.

The log-linearized equilibrium conditions under sellers’ local currency pricing (SLCP) and under

buyers’ local currency pricing (BLCP) are summarized in Tables 1 and 2, respectively. Since we

are interested in the welfare consequence of international monetary policy interdependence, we

shall focus on a perfect foresight equilibrium following a unilateral monetary expansion.

3 Single Stage of Processing: Ambiguous Welfare Results

In this section, we explain why the welfare consequence of a unilateral monetary expansion can

be ambiguous when all production and trade occur at a single stage. This case corresponds to

N = 1 in our model.

Consider a unilateral monetary policy expansion in the home country so that mt = 1 and

m∗
t = 0 for all t. We show in the Appendix that, following such a shock, home currency depreciates

fully (i.e., et = 1 for all t), the nominal wage rate rises immediately in the home country but is
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unaffected in the foreign country (i.e., wt = 1 and w∗t = 0 for all t), and nominal aggregate demand

rises fully in the home country but remains unchanged in the foreign country (i.e., p̄Nt + ct = 1

and p̄∗Nt + c∗t = 0). These results obtain regardless of how many processing stages there are or in

which currency prices are rigid, since they are derived from the households’ optimizing behaviors.

Yet, the real effects of money and therefore the welfare implications of the monetary expansion

do depend on the number of processing stages and the currencies of price-setting.

3.1 Welfare Implications of Sellers’ Local Currency Pricing (SLCP)

We first examine the case with sellers’ local currency pricing. In this case, the optimal pricing

equations in Table 1 imply that the adjustment of the prices set by home firms, p1Ht, and by

foreign firms, p∗1Ft, are determined by the firms’ marginal costs, which coincide with the domestic

nominal wage rates. Given the patterns of nominal wage adjustments, home firms that can adjust

prices will raise their prices fully, while foreign firms would choose to keep their prices unchanged

(i.e., p1Ht = 1 and p∗1Ft = 0 for all t). Since half of the firms in each country cannot adjust prices,

the price index of home produced goods does not rise fully until the end of the contract duration,

and the price index of foreign made goods remains at the steady-state level. In particular, we

have p̄1H0 = 1/2, p̄1Ht = 1 for t ≥ 1, and p̄∗1Ft = 0 for all t ≥ 0.

Despite the unchanged price of foreign goods in the foreign currency unit, the price of imported

goods facing the home household increases due to the home currency depreciation. The home

price level thus rises, but does not rise fully until the end of the contract duration because of

staggered pricing-setting. The foreign household faces a lowered price index of imported goods in

the impact period since the prices of these goods are only partially adjusted in the home currency

unit and the adjustment does not catch up with the home currency depreciation until the end of

the contract duration. Given that the price index of foreign produced goods remains unchanged,

the fall in the import price index in the foreign currency unit implies that the foreign price level

has to fall.

Since nominal aggregate demand in the home country rises fully, while the price level rises only

partially in the impact period, home consumption rises in that period, so do home real money

balances. In particular, the price adjustment patterns imply that c0 = γ/2 and ct = 0 for all

t ≥ 1. In the foreign country, nominal aggregate demand remains unchanged while the price level

falls in the impact period, so that consumption and real money balances rise on impact. It is easy

to show that c∗0 = (1− γ)/2 and c∗t = 0 for all t ≥ 1. Thus, the home monetary expansion tends

to raise the welfare of both countries through raising each country’s consumption and real money

balances.
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That said, in each country, the representative household’s welfare depends not only on con-

sumption and real balances, but also on labor effort. To obtain the responses of labor effort, we

first integrate the demand for labor [i.e., L1(i) = Y1(i) and L∗1(i) = Y ∗
1 (i)] across firms within

a country, and then use the goods demand functions (4)-(5) and their foreign counterparts (for

N = 1) to relate each country’s employment to world consumption and its own terms of trade.

Specifically, the log-linearized employment under SLCP are given by

lt = −2ηγ(1− γ)τ1t + γct + (1− γ)c∗t , (20)

l∗t = −2ηγ(1− γ)τ∗1t + γc∗t + (1− γ)ct, (21)

where τ1t = p̄1Ht − p̄∗1Ft − et denotes the home country’s terms of trade, and τ∗1t = −τ1t is the

foreign counterpart. It follows that a country’s employment decreases with its terms of trade. As

its terms of trade improve, a country’s real purchasing power increases and the world demand for

its products falls (through an expenditure-switching effect) so that its household could work less

hard to support the same consumption allocation. For this reason, an improvement in a country’s

terms of trade tends to improve its welfare.

Following the home country’s monetary expansion, the home currency depreciates, and under

SLCP, its terms of trade are worsened. Specifically, the adjustments of nominal exchange rate

and prices in the two countries imply that τ10 = −1/2 and τ1t = 0 for all t ≥ 1, which is to say

that the home country’s terms of trade are worsened until the end of the contract duration. This

contributes to increasing the labor effort of the home household and reducing the effort of the

foreign household. Thus, the terms-of-trade variation can potentially generate a “beggar-thy-self”

effect, as emphasized by Corsetti and Pesenti (2000).

To make the welfare analysis more explicit, we define the welfare in a country as the present

value of the life-time utility of its representative household. In the spirit of Lucas (1987), Cooley

and Hansen (1989), and Betts and Devereux (2000), we use a consumption-equivalence measure as

a welfare metric and we gauge the welfare gain in each country from the home monetary expansion

by the percentage increase in its representative household’s steady-state consumption that would

make the household indifferent between the cases with and without the expansion. Specifically,

the welfare gain in the home country is given by the percentage change in the home household’s

steady-state consumption, ∆, that solves the following equation

∞∑

t=0

βt
[
ln(Ct) + Ψ ln

(
Mt

P̄Nt

)
− κLt

]
=

∞∑

t=0

βt
[
ln(C(1 + ∆)) + Ψ ln

(
M

P̄N

)
− κL

]
, (22)

where the variables with time-subscripts denote the equilibrium values in the presence of the

monetary expansion, and those without the subscripts denote the corresponding steady-state
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values. In terms of log-linearized variables, the solution of ∆ is given by4

ln(1 + ∆) = (1− β)
∞∑

t=0

βt [(1 + Ψ) ct − κL l(t)] , (23)

The welfare gain in the foreign country is similarly computed.

In the special case with N = 1, we have κL = 1/µ, where µ = θ/(θ − 1) denotes the steady-

state markup of price over marginal cost. Using the solutions of consumption, real balances, and

labor efforts, we obtain closed-form expressions for the two countries’ welfare gains as

ln(1 + ∆) =
1− β

2

[
γ(1 + Ψ)− 1

µ
(1 + 2(η − 1)γ(1− γ)

]
, (24)

ln(1 + ∆∗) =
1− β

2
[(1− γ)(1 + Ψ) + 2(η − 1)γ(1− γ)/µ] , (25)

Thus, given that 0 < β < 1, whether a country is better off or worse off depends on the parameters

η, the elasticity of substitution between home goods and foreign goods; γ, the steady-state share

of domestically produced goods in total output (so that 1− γ measures the degree of openness);

and µ, the steady-state markup by monopolistically competitive firms within each country.5

In light of (25), it is theoretically possible for the home monetary expansion to reduce the

foreign country’s welfare (for example, when γ is close to one and η close to zero). Yet, under

empirically plausible parameter values, in particular, with η ≥ 1 [e.g., Backus, et al. (1995)], the

foreign country tends to gain from the home monetary expansion. In contrast, as in light of (24),

the monetary expansion can reduce the home country’s welfare for reasonable parameter values.

For example, given η ≥ 1, home welfare falls if γ ≤ 1/µ. Thus, the monetary expansion may

have a “beggar-thy-self” effect for small values of γ and µ. Further, a larger value of η also tends

to reduce the welfare. These results conform to the finding by Corsetti and Pesenti (2000), who

assume a value of η equal to 1.6

The reason why the home monetary expansion may have a “beggar-thy-self” effect under SLCP

is that, although the expansion raises home consumption and real money balances, it also leads to

home currency depreciation and terms-of-trade deterioration, the latter of which tends to reduce

its real purchasing power and to force its household to work harder to meet the increased world

demand for its products. While the increased consumption and real money balances tend to raise

the country’s welfare, the increased labor efforts tend to reduce it. The fall in welfare becomes

more likely, the larger the steady-state degree of openness (measured by 1− γ), the smaller the

home firms’ monopoly power (measured by µ), or the greater the elasticity of substitution between

home goods and foreign goods (measured by η). The foreign country gains as long as η ≥ 1 since

the home monetary expansion not only raises foreign consumption and real money balances, it
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also improves the foreign’s terms of trade, and thus reduces the world demand for foreign goods,

resulting in lowered demand for foreign labor effort.

3.2 Welfare Implications of Buyers’ Local Currency Pricing (BLCP)

Under buyers’ local currency pricing, a firm can charge different prices for its products sold in

different countries. For the products to be sold in the domestic markets, firms’ pricing decisions

under BLCP are similar to those under SLCP. In particular, since the nominal wage rate in

the home country rises fully following its monetary expansion, while foreign’s nominal wage rate

remains unchanged, home firms will accordingly raise the prices of their products to be sold in

the home market while foreign firms will keep unchanged the prices of their products to be sold in

the foreign market. For the products to be exported, however, the pricing decisions will depend

on the exchange-rate adjusted marginal costs. With the home currency depreciation, firms in the

two countries face an increased marginal cost in the home currency unit but unchanged marginal

cost in the foreign currency unit. Thus, home firms would choose to keep unchanged the prices

of their products to be exported, while foreign firms would choose to raise the prices of their

products to be sold in the home market.

These price adjustment patterns, when coupled with staggered pricing decisions, imply that

the home price level does not rise fully until the end of the contract duration, while the foreign

price level remains unchanged all the time. Thus, home consumption and real money balances

rise on impact and fall back to the steady state afterwards, while foreign consumption and real

balances remain unchanged. Specifically, it is easy to show that, under BLCP, the responses of

consumption during the impact period are c0 = 1/2 and c∗0 = 0; and the responses of employment

are l0 = γ/2 and l∗0 = (1− γ)/2. All real variables return to the steady state from period 1

onward. It follows that the two countries’s welfare gains under BLCP are given by

ln(1 + ∆) =
1
2
(1− β)

[
1 + Ψ− γ

µ

]
, (26)

ln(1 + ∆∗) = −1
2
(1− β)

1− γ

µ
. (27)

Clearly, with reasonable parameter values, the unilateral monetary expansion in the home country

unambiguously raises its own welfare at the expense of the foreign country’s and it is therefore a

“beggar-thy-neighbor” instrument.

To understand this result, we note that, following the home country’s monetary expansion,

the foreign household faces worsened terms of trade. In particular, the foreign’s terms of trade

are given by τ∗t = p̄1Ft− p̄∗1Ht−et. Since the foreign’s import price index p̄∗1Ht remains unchanged

and the rise in the export price index p̄1Ft does not fully catch up with the home currency
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depreciation due to staggered price-setting, the foreign’s terms of trade tend to be deteriorated.

The loss in the foreign country’s real purchasing power offsets the gain in its labor income, so that

its consumption remains unchanged. With unchanged consumption and increased labor effort,

the foreign country’s welfare falls. In contrast, the home country’s welfare improves since the

terms of trade work to its favor so that its household can afford to consume more without having

to work too much harder.

3.3 Currencies of Price-Setting: Ambiguous Welfare Implications

The previous two subsections have illustrated that, if all production and trade occur at a single

stage, then the welfare implications of a country’s unilateral monetary expansion under sellers’

local currency pricing are generally different from those under buyers’ local currency pricing. Such

difference is often an important source of the debate on issues such as “competitive devaluation.”

If sellers’ local currency pricing better captures reality, then the model suggests that a country’s

attempt to close its domestic output gap through creating a unilateral monetary surprise may

end up hurting its own welfare since the improvement in its production efficiency can be more

than offset by the deterioration in its terms of trade. The terms-of-trade consideration may thus

provide a useful commitment device to discourage a benevolent central bank from trying to create

surprise inflation. By contrast, if buyers’ local currency pricing is empirically more relevant,

then a country would be tempted to engineer surprise devaluation to close its own output gap

while “free-riding” on trading partners. This raises the possibility of “competitive devaluation,”

a concern shared by the traditional Mundell-Fleming-Dornbusch model.

Thus, were we to view the model with a single stage of processing and trade as an appropriate

theoretical framework for welfare analysis in an open economy, the issue would boil down to an

empirical question: Are price contracts set primarily in sellers’ local currency or in buyers’ local

currency? As we have mentioned in the Introduction, the existing studies reveal that both types

of local currency pricing are empirically significant phenomena. This suggests that whether a

country’s attempt to devalue its currency will have a “beggar-thy-self” or “beggar-thy-neighbor”

effect may be rather ambiguous. However, as we will demonstrate below, when production and

trade need to go through multiple stages, such ambiguity disappears.

4 Multiple Stages of Processing: Resolving the Ambiguity

As we have alluded to in the Introduction, one characteristic of modern globalization is the growing

importance of international trade along a vertical chain with multiple stages of production. Such
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interconnectedness between countries and industries has implications for the international welfare

effects of monetary shocks, and as such, it may help resolve the ambiguity in the welfare results

under different assumptions on the currencies of price-setting. We turn now to showing that this

is indeed the case.

4.1 Some Intuitions

We start by providing some intuitions behind the transmission mechanism embodied in the pro-

duction and trading chain. Our central idea is that, as production and trade are stretched over a

larger number of processing stages, the home price level will rise by less while the foreign price level

will fall by more, and over a longer period of time, resulting in a greater increase in real aggregate

demand in both countries following the home monetary expansion. These patterns emerge in the

adjustment of the price level and the response of real aggregate demand regardless of in which

currency price contracts are set. With a reasonable number of processing stages, the increase in

real aggregate demand and thus in production efficiency can overwhelm the terms-of-trade effect,

leading to a welfare improvement in both countries.

The key to understanding the pattern in the adjustment of the price level is to understand how

marginal costs at different stages of processing would respond to the home monetary expansion.

We now discuss the intuitions for the marginal cost movements.

4.1.1 Sellers’ local currency pricing

Consider first the case with sellers’ local currency pricing and with multiple stages of production

and trade. When there are two stages of processing, the marginal costs facing firms at the second

stage are partially determined by the price index of all goods produced and traded at the first

stage. In the impact period, as explained in Section 3.1, the price index of stage-one goods

partially rises in the home country and falls in the foreign country, so do the marginal costs facing

firms at the second stage. Thus, those stage-two firms that can set new prices would choose to

partially raise their prices in the home country and lower their prices in the foreign country. With

staggered price-setting, the price index of stage-two goods (including both domestically produced

and imported) must rise by less in the home country and fall by more in the foreign country than

does the price index of stage-one goods. Further, the incomplete adjustment in the price indexes

of stage-two goods will persist for one more period than the price indexes of stage-one goods.

When there are three or more stages of processing, the same logic implies that the price index

of goods at a more advanced processing stage has to rise by less in the home country and fall by

more in the foreign country, and the incomplete adjustment of the price indexes would persist for

19
ECB

Working Paper Series No. 355
May 2004



a longer period of time than the price indexes of goods produced and traded at a less advanced

processing stage. Thus, the price level rises by less in the home country and falls by more in the

foreign country and becomes more persistent in both countries as the number of processing stages

grows larger.

4.1.2 Buyers’ local currency pricing

Under buyers’ local currency pricing, firms can set different prices for the products to be sold

in different countries, so that when firms set prices for their goods to be exported, the relevant

marginal costs need to be adjusted for currency units. At the first processing stage, the marginal

cost is given by the domestic nominal wage rate, which rises fully in the home country. Thus, the

marginal cost faced by home firms rises in the home currency unit, but remains unchanged in the

foreign currency unit because of the home currency depreciation. Home firms would thus keep the

prices of exported goods unchanged. Meanwhile, foreign firms face an unchanged nominal wage

rate in the foreign currency unit so that they choose not to adjust the prices of goods to be sold

in the domestic market. It follows that there will be no change in the price index of stage-one

goods sold in the foreign market.

The unchanged stage-one foreign price index implies that foreign firms at the second stage face

unchanged marginal costs and thus would choose to stay put even if they can set new prices. Yet,

the price index of stage-two goods imported from the home country falls in the foreign currency

unit since home firms at the second stage faces a partially adjusted marginal cost in the home

currency unit and, given the home currency depreciation, a lowered marginal cost in the foreign

currency unit. The unchanged prices of foreign’s domestically produced goods and the lowered

prices of its imported goods imply that the foreign price index of stage-two goods has to fall. As a

consequence, foreign firms at the third processing stage face a lowered marginal cost and therefore

would choose to lower their prices as well. This, when coupled with the lowered prices of goods

imported from the home country, implies that the foreign price index of stage-three goods must

fall by even more and for a longer period of time than the stage-two price index, and so on.

4.2 Some Analytical Results

The patterns of price adjustments described above are formally established in the Appendix.

Specifically, we show that, following the home monetary expansion, the rise in the home price

level becomes more gradual, the fall in the foreign price level becomes more pronounced, and

both become more persistent as the production and trading chain grows longer, and these price
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adjustment patterns do not depend on the currencies of price-setting [see Lemma 2 in the Ap-

pendix]. It follows that, with more stages of processing and trade, the real effect of the monetary

expansion becomes larger and more persistent in both countries. Denote by yNt the response to

the home monetary expansion of real aggregate demand (i.e., consumption in the current model)

in the home country and by y∗Nt the foreign counterpart when there are N stages of processing.

The following proposition formally establish the monotonic relation between N and the responses

of the real aggregate demand.

Proposition 1: In a perfect foresight equilibrium, the following inequalities hold for all N ≥ 1,

regardless of the currency unit at which prices are set:

yN+1, t > yNt, y∗N+1, t > y∗Nt, 0 ≤ t ≤ N. (28)

Proof: (see the Appendix)

4.3 Some Calibrated Results

The increase in real aggregate demand and hence in consumption as N rises tends to improve

welfare in both countries. But if the rise in N were also associated with large increases in labor

demand, as labor is an input of production at all stages, the overall welfare effect would seem

to remain ambiguous. However, as it turns out, this concern needs not be substantiated. As we

have explained earlier, the prices of goods at a more advanced processing stage rise less in the

home country and fall more in the foreign country, while the nominal wage rate rises fully in the

home country and remains unchanged in the foreign country. Thus, at a more advanced stage,

labor becomes more expensive relative to intermediate inputs, so that firms would have a greater

incentive to substitute intermediate inputs for labor inputs. For this reason, changes in aggregate

employment in each country need not be monotone in N . In other words, a greater number of

processing stages would allow for more consumption goods to be produced in both countries with

a given amount of labor input, since firms would rely on using more goods to produce goods.

This, when coupled with the monotonic relationship between changes in consumption and in N ,

makes it more likely for the monetary expansion to benefit both countries.

Now, what about the terms-of-trade effect? This effect tends to benefit one country at the

expense of the other, and which country would indeed benefit from it depends on in which currency

price contracts are set. In the special case with N = 1, as we have shown in Section 3, the terms-of-

trade effect tends to dominate the efficiency improvement effect so that the international welfare

implications of the home monetary expansion depend on assumptions about the currencies of

price-setting. With a reasonable number of processing stages, however, the efficiency improvement
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effect is magnified and the terms-of-trade consideration is made relatively less important. Under

plausible parameter values, the home monetary expansion improves the welfare of both countries,

regardless of whether price contracts are set in sellers’ or buyers’ local currency.

The remaining question is: How large is the number of processing stages required to generate

welfare improvements in both countries following the home monetary expansion? To answer this

question, we first calibrate the model’s parameters, except for N , which we would treat as a free

parameter. We then compute the impulse responses of consumption and labor efforts following

the expansion. Finally, we compute the welfare gain, as given by (23), and we plot it against N .

Details of the computation methods are available upon request from the authors.

We calibrate the parameters following the standard international business cycle literature. We

consider one period in the model as corresponding to one half of a year, so that there is a minimum

amount of exogenous nominal price staggering. Accordingly, the duration of each price contract

is equal to one year, as is consistent with the empirical evidence surveyed by Taylor (1999). We

set β, the subjective discount factor, to 0.98, so that the annual real interest rate in the steady

state is about 4 percent. We assume a zero steady-state inflation rate, so the money demand

equation implies that Ψ = (1− β)/v, where v = P̄NC/M is the steady-state velocity of money.

Given the value of β, we set Ψ = 0.0084, corresponding to a steady-state annual velocity of 4.8.7

The parameter κ by itself is unimportant since what affects the equilibrium dynamics and the

welfare is the term κL, which is given by

κL =
1
µ

[
(φ/µ)N−1 + (1− φ)

1− (φ/µ)N−1

1− φ/µ

]
,

where L is the steady-state employment. We set θ, the elasticity of substitution between goods

produced within a country, to 7, so that the steady-state markup [µ ≡ θ/(θ − 1)] at each processing

stage is about 17 percent, which lies in an empirically reasonable range [e.g., Rotemberg and

Woodford (1997)]. It is easy to show that the steady-state employment κL is a decreasing function

of N . The larger N is, the greater is the cumulative markup across stages, and the further lies

output below the efficiency frontier, and thus the greater is the room for efficiency improvement.

We next set η, the elasticity of substitution between goods made in different countries, to 1.5;

and γ, the steady-state share of domestically produced goods in GDP, to 0.85. These values are

standard in the literature [e.g., Backus, et al. (1995)]. Finally, we set φ = 0.9, so that as N varies

from 2 to 6, the share of total intermediate goods in gross sales across all stages of processing lies

in the range between 0.43 and 0.71.8

Figures 2 and 3 plot the impulse responses of consumption and aggregate employment in the

two countries under the calibrated parameters and for various N , when prices are set in sellers’
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local currency and in buyers’ local currency, respectively. These figures confirm our basic intuitions

and the implications of our analytical results that the responses of real aggregate demand increase

with N , while the responses of aggregate employment need not be monotonic in N due to the factor

substitution effect. It is especially worth noting that, under sellers’ local currency pricing, foreign

aggregate employment falls because of its improved terms of trade. The fall in foreign employment

is more pronounced, the larger is the number of processing stages, because, as production moves

to a more advanced stage, firms would have a stronger incentive to substitute intermediate inputs

for labor.

Figure 4 plots the responses of the home country’s terms of trade under the two alternative

currencies of price-setting. As N increases, the deterioration in the terms of trade under sellers’

local currency pricing tends to be dampened, while the improvement in the terms of trade under

buyers’ local currency pricing tends to be reduced on impact and even reversed in the subsequent

periods.

Since changes in consumption in the two countries increase with N while changes in em-

ployment need not, the welfare in both countries is an increasing function of N . Since the

terms-of-trade movement tends to be dampened as the number of stages increases, the welfare

gains in the two countries tend to become less dependent on the currencies of price-setting. The

welfare gains in the calibrated model are plotted in Figures 5 and 6. If prices are rigid in sell-

ers’ currency [Figure 5], the home monetary expansion has a “beggar-thy-self” effect when there

is a single stage of processing; yet, when N rises above 3, both countries experience a welfare

gain. If prices are rigid in buyers’ currency [Figure 6], the monetary expansion is a “beggar-thy-

neighbor” instrument for small values of N ; but when N rises above 5, both countries gain from

the expansion.

5 Conclusion

In their seminal work, Obstfeld and Rogoff (1995) envisioned that a monetary expansion, regard-

less of its source, could lead to a “general increase in world demand . . . , and both countries share

the benefits equally” [p. 647]. Based on this result, they dismissed the fear of competitive devalua-

tion, a caution often cast by the conventional Mundell-Fleming-Dornbusch models, as misleading.

They wrote that “the earlier models may overstate the importance of the ‘beggar-thy-neighbor’

effects that a country inflicts on trading partners when it depreciates its currency” [p. 648]. Such

optimism has stimulated a voluminous strand of literature [see Lane (2001) for a survey], with

mixed and often ambiguous predictions on the international welfare effects of a country’s currency

23
ECB

Working Paper Series No. 355
May 2004



devaluation. A popular hypothesis in this strand of literature maintains that the welfare effects

depend largely on the currencies at which prices are rigid.

We have re-examined this hypothesis by incorporating a production and trading chain, a

feature of rising empirical importance, into an otherwise standard new open-economy macroeco-

nomic model in the spirit of Obstfeld and Rogoff (1995). We have shown that the ambiguity in

the welfare effects documented in the literature may disappear with plausibly sophisticated input

and output connections between countries: with a reasonable number of stages along the produc-

tion and trading chain, a country’s currency devaluation can lead to a welfare improvement for

both itself and its trading partner, regardless of the currencies of price-setting. In this sense, our

theory provides support for Obstfeld and Rogoff’s original optimism in a world with production

interdependence.

Appendix: Proofs

We first establish several preliminary results, which will serve as intermediate steps to the proof

of Proposition 1. We first have

Lemma 1: There is a unique perfect foresight equilibrium in which

wt = 1, w∗t = 0, ∀ t ≥ 0, (29)

et = 1, ∀ t ≥ 0, (30)

p̄nt = 1, p̄∗nt = 0, ∀ t ≥ n, 1 ≤ n ≤ N, (31)

yNt = 0, y∗Nt = 0, ∀ t ≥ N. (32)

for all N ≥ 1. These results hold independent of the currency in which prices are rigid. Further,

if prices are set in sellers’ local currency, then

pnHt = 1, p∗nFt = 0, ∀ t ≥ n− 1, 1 ≤ n ≤ N ; (33)

while if prices are set in buyers’ local currency, then

pnHt = 1, pnFt = 1, p∗nFt = 0, p∗nHt = 0, (34)

∀ t ≥ n− 1, 1 ≤ n ≤ N.

Proof: According to the home money demand equations (S6) or (B6) (in Tables 1 and 2),

existence of a non-explosive solution to the equilibrium system requires that

p̄Nt + yNt = mt = 1, p̄∗Nt + y∗Nt = m∗
t = 0, (35)
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which, along with the labor supply equations (S5) or (B5), leads to (29). Solving (S7) or (B7)

forward, we obtain (30) . Given (29) and (30), the equations in (33), (34), and (31) can then be

proved by induction, using (S1)-(S4) and (B1)-(B4). Finally, given that (31) holds also for N ,

(32) follows immediately from (35). Q.E.D.

This Lemma shows that the home monetary expansion immediately raises its nominal wage

rate, but has no effect on the foreign nominal wage rate. It also leads to a complete home nominal

exchange rate depreciation. After n periods following the shock, the price index of stage-n goods

in the home country will rise fully and the price index of stage-n goods in the foreign country will

return to the steady state. After N periods, the real effects of the shock vanishes and aggregate

demands in both countries return to the steady state.

The next Lemma establishes the patterns of price adjustments across different stages of pro-

cessing under the two alternative assumptions about the currencies in which prices are rigid.

Lemma 2: Suppose N ≥ 2. If prices are set in sellers’ local currency, then the following

inequalities about pricing decisions hold for n ∈ {1, . . . , N − 1}:

0 < pn+1,Ht < pnHt, p∗n+1,F t < p∗nFt ≤ 0, 0 ≤ t ≤ n− 1, (36)

On the other hand, if prices are set in buyers’ local currency, then the following inequalities about

pricing decisions hold for n ∈ {1, . . . , N − 1}:

0 < pn+1,Ht < pnHt, p∗n+1,F t ≤ p∗nFt ≤ 0, 0 ≤ t ≤ n− 1, (37)

p∗n+1,Ht < p∗nHt ≤ 0, 0 < pn+1,F t ≤ pnFt, 0 ≤ t ≤ n− 1, (38)

Under either sellers’ or buyers’ local currency pricing, the following inequalities about price indices

hold for n ∈ {1, . . . , N − 1}:

0 < p̄n+1,t < p̄nt, p̄∗n+1,t < p̄∗nt ≤ 0, 0 ≤ t ≤ n. (39)

Proof: To prove (36), we first use (S1)-(S4), along with the solutions wt = 1 and w∗t = 0

for nominal wages and et = 1 for the nominal exchange rate in (29) and (30), to get a recursive

expression for each of the two pricing decision variables under SLCP:

pn+2,Ht =
φγ

2
[pn+1,Ht + apn+1,H,t−1 + (1− a)pn+1,H,t+1]

+
φ(1− γ)

2
[p∗n+1,F t + ap∗n+1,F,t−1 + (1− a)p∗n+1,F,t+1] + 1− φγ, (40)

p∗n+2,F t =
φγ

2
[p∗n+1,F t + ap∗n+1,F,t−1 + (1− a)p∗n+1,F,t+1]

+
φ(1− γ)

2
[pn+1,Ht + apn+1,H,t−1 + (1− a)pn+1,H,t+1]− φ(1− γ), , (41)
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where a ≡ 1/(1 + β). We then prove (36) by induction. It is easy to verify that the inequalities

in (36) hold for n = 1. This establishes the result for N = 2. Now suppose that N > 2 and the

inequalities hold for an arbitrary n ∈ {1, . . . , N − 2}. Fix an arbitrary t with 0 ≤ t ≤ n. By the

induction hypothesis and (33), we have

pn+1,Ht ≤ pnHt, pn+1,H,t−1 ≤ pnH,t−1, pn+1,H,t+1 ≤ pnH,t+1,

with at least one strict inequality, and

p∗n+1,F t ≤ p∗nFt, p∗n+1,F,t−1 ≤ p∗nF,t−1, p∗n+1,F,t+1 ≤ p∗nF,t+1,

with at least one strict inequality if and only if n > 1. Thus, from the recursive relations in (40)

and (41), we have pn+2,Ht < pn+1,Ht and p∗n+2,F t < p∗n+1,F t. This completes the proof of (36).

The proof of (37) and (38) is similar. In particular, note that (B1), (B2), and the solutions

for nominal wage rate and the nominal exchange rate together imply that

p∗nHt = pnHt − 1, pnFt = p∗nFt + 1. (42)

Thus, (38) will be an immediate corollary if we can establish (37). To prove (37), we follow a

similar procedure as in the case with SLCP. We begin by establishing a recursive expression for

pnHt and p∗nFt using (B1)-(B4):

pn+2,Ht =
φγ

2
[pn+1,Ht + apn+1,H,t−1 + (1− a)pn+1,H,t+1]

+
φ(1− γ)

2
[p∗n+1,F t + ap∗n+1,F,t−1 + (1− a)p∗n+1,F,t+1] + 1− φ, (43)

p∗n+2,F t =
φγ

2
[p∗n+1,F t + ap∗n+1,F,t−1 + (1− a)p∗n+1,F,t+1]

+
φ(1− γ)

2
[pn+1,Ht + apn+1,H,t−1 + (1− a)pn+1,H,t+1], , (44)

Then, the inequalities in (37) can be proved by induction.

Finally, the inequalities in (39) follow from the definitions of the price indices in (S4) or (B4),

and the inequalities in (36) or (37)-(38). Q.E.D.

Lemma 2 shows that the home monetary expansion leads to a rise in the home prices at each

processing stage but a fall in the foreign prices. Further, at a more advanced processing stage,

the rise in the home prices becomes more gradual and the fall in the foreign prices becomes more

pronounced, and the movements in the prices become more persistent.

It follows that, as the number of stages increases, the home price level will rise more gradually

and the foreign price level will fall by a greater magnitude. Given the money supply process in the

two countries, the price adjustment patterns imply that real aggregate demands in both countries
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will rise by a larger magnitude when the length of the production and trading chain grows. This

is essentially the result in Proposition 1 in the text.

Proof of Proposition 1: It follows immediately from (35) and (39). Q.E.D.
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Notes

1. Obstfeld (2001) provides a useful survey of the postwar analytical thinking on international

macroeconomics, and assesses the influence of Mundell and Fleming’s work and the recent progress

in the field.

2. In addition to the work cited above, there is a growing body of literature examining the

international welfare effects of monetary policy shocks in a new open-economy macroeconomic

model, some assuming sellers’ local currency pricing, while some others assuming buyers’ local

currency pricing. For example, Bacchetta and van Wincoop (2000) study the effect of exchange-

rate systems on trade and welfare in a model with buyers’ currency pricing; Devereux and Engel

(1998) analyze the welfare properties of fixed and floating exchange rate regimes and find that

the optimal exchange rate regime depend on whether prices are set in the currency of producers

or the currency of consumers.

3. This assumption implies that monetary shocks have no permanent effect on current account

balances. This helps simplify the welfare analysis. See, also, Devereux and Engel (1998, 1999)

and Chari, et al. (2002).

4. As in Obstfeld and Rogoff (1995), our model features monopolistic competition that creates

a first-order distortion, the effect of which on welfare would dominate that of any higher-order

distortions for small shocks. Thus, as in Obstfeld and Rogoff, it is sufficient for our welfare analysis

to examine the first-order approximation of the perfect-foresight equilibrium system following a

small, one-time shock. We are grateful to Chris Sims for pointing this out to us and for very

useful discussions on related subjects.

5. The parameter Ψ measures the importance of real money balances in the utility function,

and its value is typically small in light of most money demand regressions [e.g., Chari, et al.

(2000)].

6. Corsetti and Pesenti (2000) also assume that the two countries may have different degrees

of steady-state home-bias (i.e., the γ’s may differ across countries).

7. Here we use M1 as a measure of money supply to compute the velocity. The welfare results

are not sensitive to the use of M2 or monetary base instead.

8. Let Φ denote the share of total intermediate goods in gross sales across all stages. Since

the steady-state aggregate value added is given by P̄NYN , we have 1−Φ = P̄NYN/
∑N

n=1 P̄nYn =
1−φ/µ

1−(φ/µ)N . From the BEA’s 1997 Benchmark Input-Output Tables, the value of Φ is about 0.7 in

the U.S. manufacturing sector.
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Table 1. Equilibrium Conditions under Sellers’ Local Currency Pricing

Home Foreign

(S1) Pricing decisions: pnHt = 1
1+β vnt + β

1+β Etvn,t+1, p∗nFt = 1
1+β v∗nt + β

1+β Etv
∗
n,t+1

(S2) Unit costs: vnt = φp̄n−1,t + (1− φ)wt, v∗nt = φp̄∗n−1,t + (1− φ)w∗t

(S3) Price indices: p̄nHt = 1
2 [pnHt + pnH,t−1], p̄∗nFt = 1

2 [p∗nFt + p∗nF,t−1]

(S4) Price levels: p̄nt = γp̄nHt + (1− γ)[p̄∗nFt + et], p̄∗nt = γp̄∗nFt + (1− γ)[p̄nHt − et]

(S5) Labor supply: wt = p̄Nt + ct, w∗t = p̄∗Nt + c∗t

(S6) Money demand: xt = (1− β)mt + βEtxt+1, x∗t = (1− β)m∗
t + βEtx

∗
t+1

(xt ≡ p̄Nt + ct), (x∗t ≡ p̄∗Nt + c∗t )

(S7) Nominal exchange rate: et = (1− β)(mt −m∗
t ) + βEtet+1

(S8) Real exchange rate: qt = ct − c∗t

Table 2. Equilibrium Conditions under Buyers’ Local Currency Pricing

Home Foreign

(B1) Pricing decisions: pnHt = 1
1+β vnt + β

1+β Etvn,t+1, p∗nFt = 1
1+β v∗nt + β

1+β Etv
∗
n,t+1

p∗nHt = 1
1+β [vnt − et]+ pnFt = 1

1+β [v∗nt + et]+
β

1+β Et[vn,t+1 − et+1], β
1+β Et[v∗n,t+1 + et+1]

(B2) Unit costs: vnt = φp̄n−1,t + (1− φ)wt, v∗nt = φp̄∗n−1,t + (1− φ)w∗t

(B3) Price indices: p̄nHt = 1
2 [pnHt + pnH,t−1], p̄∗nFt = 1

2 [p∗nFt + p∗nF,t−1]

p̄nFt = 1
2 [pnFt + pnF,t−1], p̄∗nHt = 1

2 [p∗nHt + p∗nH,t−1]

(B4) Price levels: p̄nt = γp̄nHt + (1− γ)p̄nFt, p̄∗nt = γp̄∗nFt + (1− γ)p̄∗nHt

(B5) Labor supply: wt = p̄Nt + ct, w∗t = p̄∗Nt + c∗t

(B6) Money demand: xt = (1− β)mt + βEtxt+1, x∗t = (1− β)m∗
t + βEtx

∗
t+1

(xt ≡ p̄Nt + ct) (x∗t ≡ p̄∗Nt + c∗t )

(B7) Nominal exchange rate: et = (1− β)(mt −m∗
t ) + βEtet+1

(B8) Real exchange rate: qt = ct − c∗t
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Figure 2:—The impulse responses of consumption and employment under
sellers’ local currency pricing.

32
ECB
Working Paper Series No. 355
May 2004



2 4 6 8 10

0

0.2

0.4

0.6

0.8

1
Home consumption

P
e

rc
e

n
ta

g
e

 D
e

vi
a

tio
n

s

N=1
N=2
N=4
N=12

2 4 6 8 10
−0.05

0

0.05

0.1

0.15
Foreign consumption

2 4 6 8 10
−0.1

0

0.1

0.2

0.3

0.4

Home employment

Periods: half−years
2 4 6 8 10

−0.05

0

0.05

0.1

0.15

0.2

Foreign employment

Figure 3:—The impulse responses of consumption and employment under
buyers’ local currency pricing.

33
ECB

Working Paper Series No. 355
May 2004



1 2 3 4 5 6 7 8 9 10
−1

−0.5

0

0.5
Home terms of trade: SLCP

Periods: half−years

P
er

ce
nt

ag
e 

D
ev

ia
tio

ns

N=1
N=2
N=4
N=12

1 2 3 4 5 6 7 8 9 10
−0.3

−0.2

−0.1

0

0.1

0.2

0.3

0.4

0.5
Home terms of trade: BLCP

Periods: half−years

P
er

ce
nt

ag
e 

D
ev

ia
tio

ns

N=1
N=2
N=4
N=12

Figure 4:—The impulse responses of the home country’s terms of trade.

34
ECB
Working Paper Series No. 355
May 2004



1 2 3 4 5 6 7 8 9 10 11 12
−0.5

0

0.5

1

1.5

Number of stages (N)

W
e

lf
a

re
 g

a
in

: 
%

 c
o

n
s
u

m
p

ti
o

n

Home welfare
Foreign welfare

Figure 5:—Welfare gains under sellers’ local currency pricing.

35
ECB

Working Paper Series No. 355
May 2004



1 2 3 4 5 6 7 8 9 10 11 12
−0.5

0

0.5

1

1.5

2

Number of stages (N)

W
e

lf
a

re
 g

a
in

: 
%

 c
o

n
s
u

m
p

ti
o

n
Home welfare
Foreign welfare

Figure 6:—Welfare gains under buyers’ local currency pricing.

36
ECB
Working Paper Series No. 355
May 2004



302 “Deposit insurance, moral hazard and market monitoring” by R. Gropp and J. Vesala, February 2004. 

 303 “Fiscal policy events and interest rate swap spreads: evidence from the EU” by A. Afonso and 

 R. Strauch, February 2004.

304 “Equilibrium unemployment, job flows and inflation dynamics” by A. Trigari, February 2004. 

 305 “A structural common factor approach to core inflation estimation and forecasting” 

 by C. Morana, February 2004.

306 “A markup model of inflation for the euro area” by C. Bowdler and E. S. Jansen, February 2004. 

 307 “Budgetary forecasts in Europe - the track record of stability and convergence programmes” 

 by R. Strauch, M. Hallerberg and J. von Hagen, February 2004.

 308 “International risk-sharing and the transmission of productivity shocks” by G. Corsetti, L. Dedola  

 and S. Leduc, February 2004.

 309 “Monetary policy shocks in the euro area and global liquidity spillovers” by J. Sousa and A. Zaghini,

February 2004.

 310 “International equity flows and returns: A quantitative equilibrium approach” by R. Albuquerque,

G. H. Bauer and M. Schneider, February 2004.

 311 “Current account dynamics in OECD and EU acceding countries – an intertemporal approach” 

by M. Bussière, M. Fratzscher and G. Müller, February 2004.

European Central Bank working paper series

For a complete list of Working Papers published by the ECB, please visit the ECB�s website
(http://www.ecb.int).

 312 “Similarities and convergence in G-7 cycles” by F. Canova, M. Ciccarelli and E. Ortega, 
February 2004.

 313 “The high-yield segment of the corporate bond market: a diffusion modelling approach 

for the United States, the United Kingdom and the euro area” by G. de Bondt and D. Marqués,

February 2004.

 314 “Exchange rate risks and asset prices in a small open economy” by A. Derviz, March 2004. 

 315 “Option-implied asymmetries in bond market expectations around monetary policy actions of the ECB” 
 by S. Vähämaa, March 2004.

 

37
ECB

Working Paper Series No. 355
May 2004



 321 “Frequency domain principal components estimation of fractionally cointegrated processes” 

by C. Morana, March 2004. 

 322 “Modelling inflation in the euro area” by E. S. Jansen, March 2004. 

323 “On the indeterminacy of New-Keynesian economics” by A. Beyer and R. E. A. Farmer, March 2004. 

324 “Fundamentals and joint currency crises” by P. Hartmann, S. Straetmans and C. G. de Vries, March 2004. 

325 “What are the spill-overs from fiscal shocks in Europe? An empirical analysis” by M. Giuliodori

 and R. Beetsma, March 2004. 

326 “The great depression and the Friedman-Schwartz hypothesis” by L. Christiano, R. Motto and

M. Rostagno, March 2004.

327 “Diversification in euro area stock markets: country versus industry” by G. A. Moerman, April 2004.

328 “Non-fundamental exchange rate volatility and welfare” by R. Straub and I. Tchakarov, April 2004.

329 “On the determinants of euro area FDI to the United States: the knowledge-capital-Tobin's Q framework,

by R. A. De Santis, R. Anderton and A. Hijzen, April 2004.

330 “The demand for euro area currencies: past, present and future” by B. Fischer, P. Köhler and F. Seitz, April 2004.

331 “How frequently do prices change? evidence based on the micro data underlying the Belgian CPI” by

 L. Aucremanne and E. Dhyne, April 2004.

332 “Stylised features of price setting behaviour in Portugal: 1992-2001”  by M. Dias, D. Dias 

and P. D. Neves, April 2004.

316 “Cooperation in international banking supervision” by C. Holthausen and T. Rønde, March 2004. 

 317 “Fiscal policy and inflation volatility” by P. C. Rother, March 2004. 

 318 “Gross job flows and institutions in Europe” by R. Gómez-Salvador, J. Messina and G. Vallanti, March 2004. 

 319 “Risk sharing through financial markets with endogenous enforcement of trades” by T. V. Köppl, March 2004. 

 320 “Institutions and service employment: a panel study for OECD countries” by J. Messina, March 2004. 

333 “The pricing behaviour of Italian firms: New survey  evidence on price stickiness” by

 S. Fabiani, A. Gattulli and R. Sabbatini, April 2004.

334 “Is inflation persistence intrinsic in industrial   economies?” by A. T. Levin and J. M. Piger, April 2004.

335 “Has eura-area inflation persistence changed over time?”  by G. O’Reilly and K. Whelan, April 2004.

336 “The great inflation of the 1970s”  by F. Collard and H. Dellas, April 2004.

337 “The decline of activist stabilization policy:  Natural rate misperceptions, learning and expectations” by

 A. Orphanides and J. C. Williams, April 2004.

38
ECB
Working Paper Series No. 355
May 2004



338 “The optimal degree of discretion in monetary policy”  by S. Athey, A. Atkeson and P. J. Kehoe, April 2004.

339 “Understanding the effects of government spending on  consumption” by J. Galí, J. D. López-Salido 

and J. Vallés, April 2004.

340 “Indeterminacy with inflation-forecast-based rules in a two-bloc model” by N. Batini, P.Levine

 and J. Pearlman, April 2004.

341 “Benefits and spillovers of greater competition in Europe: A macroeconomic assessment” by T. Bayoumi,

 D. Laxton and P. Pesenti, April 2004.

342 “Equal size, equal role? Interest rate interdependence between the euro area and the United States” by

 M. Ehrmann and M. Fratzscher, April 2004.

343 “Monetary discretion, pricing complementarity and dynamic multiple equilibria” by R. G. King

 and A. L. Wolman, April 2004.

344 “Ramsey monetary policy and international relative prices” by E. Faia and T. Monacelli, April 2004.

345 “Optimal monetary and fiscal policy: A linear-quadratic approach” by P. Benigno and M. Woodford, April 2004.

346 “Perpetual youth and endogenous labour supply: a problem and a possible solution” by G. Ascari and 

 N. Rankin, April 2004.

347 “Firms’ investment decisions in response to demand and price uncertainty” by C. Fuss

 and P. Vermeulen, April 2004.

348 “Financial openness and growth: Short-run gain, long-run pain?” by M. Fratzscher and M. Bussiere, April 2004.

349 “Estimating the rank of the spectral density matrix” by G. Camba-Mendez and G. Kapetanios, April 2004.

350 “Exchange-rate policy and the zero bound on nominal interest rates” by G. Camba-Mendez

 and G. Kapetanios, April 2004.

351 “Interest rate determination in the interbank market” by V. Gaspar, G. P. Quirós and

 H. R. Mendizábal, April 2004.

352 “Forecasting inflation with thick models and neural networks” by P. McNelis and 

 P. McAdam, April 2004.

353 “Towards the estimation of equilibrium exchange rates for CEE acceding countries: methodological

 issues and a panel cointegration perspective” by F. Maeso-Fernandez, C. Osbat and B. Schnatz, April 2004.

354 “Taking stock: monetary policy transmission to equity markets” by M. Ehrmann  and M. Fratzscher,  May 2004.

39
ECB

Working Paper Series No. 355
May 2004

355 “Production interdependence and welfare” by K. X. D. Huang and Z. Liu, May 2004.




	Production interdependence and welfare
	Contents
	Abstract
	Non-technical summary
	1 Introduction
	2 A model with multiple stages of production and trade
	2.1 Preferences and technologies
	2.2 Optimal price-setting rules
	2.2.1 Sellers' local currency pricing
	2.2.2 Buyers' local currency pricing

	2.3 Monetary policy, market clearing and equilibrium

	3 Single stage of processing: ambiguous welfare results
	3.1 Welfare implications of sellers' local currency pricing (SLCP)
	3.2 Welfare implications of buyers' local currency pricing (BLCP)
	3.3 Currencies of price-setting: ambiguous welfare implications

	4 Multiple stages of processing: Resolving the Ambiguity
	4.1 Some intuitions
	4.1.1 Sellers' local currency pricing
	4.1.2 Buyers' local currency pricing

	4.2 Some analytical results
	4.3 Some calibrated results

	5 Conclusion
	Appendix: proofs
	References
	Notes
	Tables and figures
	European Central Bank working paper series



