Effects of the Exchange-Rate Regime on Trade:
The Role of Price Setting

Alexander Mihailov*
University of Lausanne

June 2003

Abstract

In a stochastic new open-economy macroeconomics (NOEM) model
which parallels alternative invoicing conventions, namely consumer’s cur-
rency pricing (CCP) vs. producer’s currency pricing (PCP), we revisit
the question whether the exchange-rate regime matters for intra-industry
trade. We show analytically that under full symmetry, only money shocks
and separable but otherwise very general utility, it is irrelevant in affecting
expected trade-to-output ratios. A peg-float comparison is nevertheless
meaningful under PCP, although not CCP, in terms of volatility of na-
tional trade shares: by shutting down the pass-through and expenditure-
switching channel, a peg then stabilizes equilibrium trade-to-GDP at its
expected level.

JEL Classification: F10, F33, F41.

Keywords: alternative price setting, international intra-industry trade,
exchange-rate regimes, stochastic NOEM models.

*I am grateful to Philippe Bacchetta and Aude Pommeret for discussing earlier revisions,
to Aleksandar Georgiev and John Spencer for stimulating comments and to Javier Coto-
Martinez and Thomas Lubik for kindly providing work-in-progress of their own in related
areas. Feedback from seminar participants at the University of Lausanne (June 2000) and the
17th Annual Conference of the Irish Economic Association in Limerick (April 2003) is also
acknowledged. The usual disclaimer applies. DEEP/HEC, University of Lausanne, CH-1015
Lausanne; Alexander.Mihailov@hec.unil.ch; http://www.hec.unil.ch/amihailov.



1 Introduction

The present paper belongs to the rapidly growing new open-economy macroeco-
nomics (NOEM) literature.! Our objective is to revisit, within this sticky-price
optimizing approach and explicitly accounting for monetary uncertainty in gen-
eral equilibrium, the classic subject of exchange rate and trade determination.
In particular, we here reconsider in a fully-symmetric NOEM context and un-
der alternative price-setting conventions the question whether the exchange-rate
regime matters for international intra-industry trade. Comparing consumer’s
currency pricing (CCP) vs. producer’s currency pricing (PCP), we are able to
answer in what sense this is the case. In a self-contained theoretical analysis
that explicitly parallels a CCP to a PCP model version, we derive from first
(micro-)principles important (macro-)outcomes. Some of them are really novel
while the positive and normative implications of other have been debated for
long, but largely within ad-hoc frameworks in the Mundell-Fleming-Dornbusch
tradition.

More precisely, this paper builds on the stochastic representative agent set-
up under CCP proposed in Bacchetta and van Wincoop (1998, 2000 a). As
noted by these authors, their "benchmark monetary model” of international
intra-industry trade — together with the similar ones developed in Obstfeld and
Rogoff (1998, 2000) under PCP, we would add — is intended as a starting point in
modern research on monetary policy in open economies. Its main contribution,
which we pursue here as well, is to recast traditional comparisons of exchange-
rate arrangements in a general equilibrium setting that explicitly considers the
role of macroeconomic uncertainty. We thus explore further Bacchetta and van
Wincoop’s (2000 a) single-period benchmark, focusing our attention on trade
prices and flows, to essentially compare its equilibrium outcomes under assump-
tions of polar invoicing practices in cross-border transactions, namely CCP vs.
PCP. Theoretical analysis of these extremes allows us to draw some clear-cut,
mostly qualitative conclusions on the effects of the exchange-rate regime — mod-
elled simply as float vs. peg — on relative prices and key trade measures as well
as on the underlying consumption and labor/leisure choices.

Our principal import is to demonstrate that price-setting assumptions, fun-
damental in any open-economy model with nominal rigidity, affect in a crucial
way optimal consumption allocations under monetary uncertainty and, conse-
quently, any microfounded international trade analysis. In a preview of our
results we can state that irrespective of the invoicing assumed, the exchange-
rate regime does not matter for the ezpected level of trade-to-output ratios by
country, which is always 1 given symmetry and frictionless trading, as well as for
the ex-ante and ex-post trade balance, always 0. Yet under PCP, but not CCP,
it matters for the wolatility of national trade shares. A peg would thus stabilize,
under PCP, the equilibrium trade share in each country across states of nature
at its expected level. This latter level coincides with the one under CCP, which
is the same ex-ante as ex-post. We identify the difference in the effects of the

L As defined and exhaustively classified in the recent survey by Lane (2001). A narrower and
more technical summary of the basic NOEM methodology is also provided in Sarno (2001).



exchange-rate regime on equilibrium trade flows as originating in the particular
currency denomination of transactions, hence, the implied exchange-rate pass-
through, and, ultimately, expenditure switching. In our symmetric framework,
this major channel of international spillover of monetary shocks is absent under
CCP and float. As to the PCP model version, a peg effectively shuts it down,
by equalizing at the neutral unitary level the relative price of foreign goods in
terms of domestic analogues agents in both countries face ex-post.

We would not survey here the voluminous literature, classic as well as mod-
ern, on the subject we are interested in. We briefly discuss instead only those
lines of relevant research that have strongly influenced our motivation for the
paper as well as our modelling strategy. In doing so, we also highlight in the next
two subsections two essential features of our set-up which would have important
implications in any open-economy model with price rigidity.

1.1 Monetary Uncertainty in General Equilibrium

Monetary uncertainty generating exchange-rate risk is inherent in issues related
to international trade, welfare and macroeconomic policy analysis in which risk-
averse agents are involved. To be properly studied, such issues have therefore to
be cast in general equilibrium frameworks that are explicitly stochastic.”> That is
why we have purposefully chosen to follow a recent approach in NOEM theoret-
ical modelling, introduced by Obstfeld and Rogoff (1998, 2000) and Bacchetta
and van Wincoop (1998, 2000 a). It extends the deterministic "redux” exchange
rate model of Obstfeld and Rogoff (1995, 1996: Chapter 10) and its variations
in Corsetti and Pesenti (1997, 2001 a, b, 2002). To our knowledge, the "redux”
model was the first microfounded open-economy general-equilibrium framework
with rigid prices and monopolistic competition designed to explain exchange-
rate dynamics. Traditional research on exchange rates and trade was either
general-equilibrium but flexible-price,® or sticky-price but ad-hoc.* If the im-
pact of uncertainty on exchange rates and, hence, trade and consumption flows
was at all considered in it, analysis was restricted to partial-equilibrium models,
as duly pointed out in Bacchetta and van Wincoop (2000 a).’

To allow for analytical solutions, the explicitly stochastic NOEM literature
has been technically implemented under simplifying assumptions. Log-normal
processes for shocks, and, consequently, for the endogenous variables, as well as
rather restrictive specifications of utility are usually imposed in such models,
e.g. in Obstfeld and Rogoff (2000). Often, it is also assumed that the Law of
One Price (LOP) and, hence, Purchasing Power Parity (PPP) hold® so that the

2Earlier models usually considered impulse responses to just a single (one-time) shock
in otherwise a completely deterministic setting. Accordingly, although sometimes named
”stochastic”, they are essentially not.

3E.g. Helpman and Razin (1979, 1982, 1984), Helpman (1981) and Lucas (1982).

1Here one could enumerate papers in the Mundell-Fleming-Dornbusch tradition of the
1960s and 1970s.

5See the references cited in their footnote 7, p. 1096. Good surveys can be found in Coté
(1994) and in Glick and Wihlborg (1997).

60bstfeld and Rogoff (1995, 1996: Chapter 10, 1998, 2000) and Devereux (2000), among




real exchange rate (RER) is constant. To benefit from the insights provided by
an analytical solution, we likewise limit our set-up in this initial study to a sin-
gle period with only monetary uncertainty, as in Bacchetta and van Wincoop’s
(2000 a) benchmark. Yet in a pursuit of greater generality of our conclusions,
we do not restrict attention to neither a CCP nor a PCP-LOP-PPP model ver-
sion only. Furthermore, we need not to specialize, for our purposes here, to a
log-normal distribution of disturbances or to a particular class of utility. With
respect to the stochastic processes, it proves sufficient to invoke no more restric-
tions than a jointly symmetric distribution for the national money stock growth
rates. As to the utility function, we essentially assume that it is well-behaved
and separable. These features make our analysis less restrictive than related
earlier work, with a few exceptions we know about such as Bacchetta and van
Wincoop (1998, 2000 a). The latter two authors do not, however, explicitly con-
sider PCP and its pass-through and expenditure switching implications as well
as the effects of the exchange-rate regime on the trade balance and international
relative prices.

1.2 Alternative Price Setting in Open Economies

Another important development in NOEM research has been to incorporate
considerations of the earlier international trade literature, such as Helpman and
Razin (1984) to mention an outstanding example, regarding alternative price
setting. Contributions in this particular direction have been due to Betts and
Devereux (1996, 2000), Bacchetta and van Wincoop (1998, 2000 a, b, 2001),
Devereux and Engel (1998, 1999, 2000), Devereux (2000) and Engel (2000).
Extending the original Obstfeld-Rogoff — Corsetti-Pesenti framework of non-
segmented markets, these authors introduced international market segmenta-
tion in the goods market and what they usually call pricing-to-market (PTM)”
behavior of monopolistically competitive firms, engaging at the same time in
microfounded welfare comparisons of exchange-rate regimes. PTM is often al-
ternatively denoted local currency pricing (LCP),® but to avoid ambiguity we
would rather use a terminology that is hopefully more precise in our context:
producer’s currency pricing (PCP) and consumer’s currency pricing (CCP).?
We already noted in what our analysis differs from, or rather extends and
complements, the one in Bacchetta and van Wincoop (1998, 2000 a). As to
the remaining NOEM literature cited in the preceding paragraph, our study is
justified at least in the following three aspects. First, we examine the effects
of the exchange-rate regime on trade prices and quantities (no matter that our
equilibrium allocations, including imports and exports, have also been the re-
sult of underlying optimal consumption/leisure choices), whereas attention in

others.

TA term coined by Krugman (1987).

® A coinage due to Devereux (1997) to refer to the special case of PTM where prices are
always set in the currency of the destination market.

9Since we do not explicitly distinguish an intermediary import/export sector in the two-
country economy we study, as Tille (2000) has first done within NOEM, CCP and PCP are
equivalent here to, respectively, importer’s (buyer’s) and exzporter’s (seller’s) currency pricing.



all quoted papers is focused on welfare issues. Second, and as a consequence of
not undertaking welfare analysis here, we are able to allow for a more general
utility specification, while the other authors use quite restrictive utility sub-
classes, perhaps narrowing the scope of validity of their findings. Third, under
uncertainty and in cash-in-advance (CiA) sticky-price frameworks — as empha-
sized in the insightful methodological books by Magill and Quinzii (1996) and
Walsh (1998), among others — the assumed timing of decisions and price-setting
behavior are crucial to model outcomes. Recognizing these facts and, more im-
portantly, studying their interaction in a symmetric open-economy context that
makes an explicit parallel between CCP and PCP invoicing is another novel
feature of our approach.

The paper is further down organized as follows. Section 2 outlines the sto-
chastic NOEM model of exchange rate and trade determination we employ and
highlights the differences in its initial assumptions under CCP vs. PCP. The
third section studies, under float and full symmetry, the role alternative price
setting plays in agents’ optimization and in deriving key equilibrium relation-
ships. Section 4 then focuses on the effects of the exchange-rate regime on
international relative prices and trade flows, by discussing if and how a peg
would change the float allocations of the preceding section, and section 5 con-
cludes. The optimization problems and the equilibrium model outcomes are
systematized in more detail in Appendiz A whereas Appendix B contains the
proofs of propositions.

2 A Stochastic NOEM Model of Intra-Industry
Trade

The present section serves to introduce the model we study. We first describe
the basic set-up that underlies both our model versions. The essential differ-
ences between the CCP vs. PCP cases, originating in the relevant currency
denomination assumptions and reflected in our invoicing-specific notation, are
highlighted next.

2.1 Basic Set-Up

The artificial economy we analyze is made up of two countries, H(ome) and
F(oreign), assumed of equal size. A continuum of differentiated brands belonging
to the same good type is available for consumption. These highly substitutable
brands are indexed by ¢ if made in H and by ¢* if made in F'. Each such brand
is produced and sold by a single monopolistically competitive firm, also indexed
by ¢ in H and ¢* in F. Firms in Home are uniformly distributed on the unit
interval [0,1]. Likewise, firms in Foreign produce on (1, 2].

To obtain (short-run) money non-neutrality, we assume sticky prices moti-
vated by menu costs.'’ Moreover, monopolistic competition enables each firm

10As first suggested by Mankiw (1985). To recall a classic result in Lucas (1982), with



to optimally choose the price(s) at which it sells its product. Prices are set in
advance, i.e. in our ex-ante state 0 (before uncertainty has been resolved), and
remain wvalid for just one period, i.e. for the ex-post state s € S we consider
(after uncertainty has been resolved).!’ Preannounced prices result, in turn,
in demand-determined output, on an individual-firm as well as on an aggregate
level.!? In such a (New-)Keynesian situation, technology shocks do not influence
production possibilities and output quantities sold.'3

Governments and Shocks In each country, there is a government whose
only (passive) role is to proportionally transfer cash denominated in national
currency to all domestic households in a random way.!* We interpret such a
money supply behavior, equivalent in our context to a flexible exchange-rate
system, as exogenous "monetary policy” and model it in terms of stochastic
money stock growth rates. Moreover, we restrict it to be jointly symmetric, in
the sense we explain next.!®

For Vs € 9, pu, and p? are, respectively, H-money stock and F-money stock
net rates of growth, having the same means and variances. For the sake of sym-
metry, ez-ante (state 0) national money holdings of the representative house-
holds in Home and Foreign are assumed identical in terms of units of each
country’s currency:' Mg = M. The ex-post (state s) cash balances, i.e. the
domestic-currency budgets with which Home and Foreign households dispose for
transactions purposes in any realized state of nature s € S, are then respectively
given by My = Mo+pu Mo = (1 + py) Mo and M = Mg+piM§ = (1 + pk) M.
Any state of nature in the model is thus uniquely characterized by the ex-post
money stocks available to buy consumption goods: s = (M, M¥). Taking into
consideration the identical initial money stocks, My = Mg, each state can ulti-
mately be identified by the joint realization — in the beginning of the single un-

perfectly flexible prices the exchange-rate regime does not matter, even under uncertainty,
for optimal real allocations. As to the locus of rigidity, some authors prefer to model sticky
(nominal or real) wages, following Taylor (1979) and the earlier Keynesian tradition, while
others give preference to sticky prices, following Rotemberg (1982) and Calvo (1983), and as
Kimball (1995) has notably insisted. In essence, the two approaches are not so different and —
within NOEM  often imply each other, as Hau (2000) and Obstfeld and Rogoff (2000) have
recently argued.

! Since our focus is not on inflation dynamics (in general) or inflation persistence (in par-
ticular), the static stochastic framework we borrow from Bacchetta and van Wincoop (2000
a) and the related NOEM research seems not too constraining.

12For this to be realistic, we note that our subsequent analysis applies only to money growth
shocks of a sufficiently small magnitude.

3 That is why we abstract here from modelling also a productivity shock. Even if explicitly
accounted for, it will not change much in the present single-period setting.

One could argue that monetary authorities are ultimately unable to perfectly control the
money supply or precisely estimate the demand for money in order to always equilibrate them.

5 The symmetry of shocks we impose at this point is conceptually close to the eaplicitly
assumed in Kraay and Ventura (2002) as well as to the one @mplicit in Bacchetta and van
Wincoop (2000 a). Our assumption is quite general since it allows for different classes of sym-
metric distributions, as will become clearer from the proof of Proposition 7 and the simulation
described in section 4.4.

16 At an initial equilibrium exchange rate So = 1, as will be discussed later.



certain period — of the stochastic (net) rates of money growth in both modelled
economies, p; and pk: s = (pg, pk). An sp-indexing of variables from now on
will summarize all states of the world in which Home relative monetary expan-
sion is observed (u,, > p}, ,Vsy € Sy C S). By analogy, an sp-indexing will
denote all respective mirror-states in which Foreign relative monetary expansion
of the same magnitude has occurred (s, < p3,.,Vsp € Sp C S). Finally, an s,-
indexing will apply to all remaining states of nature in which relative monetary
equilibrium has materialized (coinciding growth rates p, = pi ,Vs. € S, C S),
no matter at what common (absolute) magnitude.

The only difference between float vs. peg in terms of the (conditional) joint
distribution (up to second moments, inclusive) of national money growth shocks
(1g, %) and, hence, of the resulting ex-post money stocks (Mg, M) thus arises
from their covariance terms. It is imposed by the definition itself of a fized vs.
flexible exchange-rate regime: under (pure) float, the (conditional) correlation
of national money stocks is 0; under (credible) peg, this (conditional) correlation
is 1. In modelling a peg regime and in interpreting it as the equivalent of (a
type of) endogenous monetary policy, we assume by necessity that at least one
of the central banks is able to immediately (or rather simultaneously) imitate,
i.e. reproduce exactly, the money supply behavior of the other, if not that the
two can "draw” in cooperation the common rate of money stock growth required
to credibly fix the exchange rate (across states of nature). In essence, our fixed
exchange-rate version is thus isomorphic to a model where a monetary union or
a single currency area is hit by just one, common money shock.

After all transactions are made, the Home government imposes a tax of M
on its representative resident, and the Foreign government does the same in the
amount of M. This assumption is standard in finite-horizon models with a
cash-in-advance (CiA) constraint!” like ours. It is needed to ensure that sellers
of goods are willing to accept money in the last period (here, in the ex-post
state).

Timing of Events In the single period we analyze, decisions are made in two
stages, ex-ante and ex-post. These stages are defined — and distinguished as the
ez-ante state 0 and the ex-post state s — by the moment of the resolution of
monetary uncertainty.

Ex-Ante Behavior Only firms optimize ex-ante, solving a stochastic op-
timization problem. Before knowing the particular state of the world that will
materialize but having common views on the joint distribution of the symmet-
ric monetary shocks, they preannounce prices. Due to (prohibitive) menu costs,
they cannot change ex-post these optimally prefixed prices.

Ex-Post Behavior After observing the state of the world, firms employ
labor to produce goods. Output, hence, labor input and, ultimately, leisure
hours are simply determined in any realized state of nature by the optimal

7o be soon formally incorporated into the framework we describe.



consumption demand for the respective differentiated product each one of the
firms produces.

Households, contrary to firms, optimize only ex-post. After receiving their
random cash, they allocate total money balances across the differentiated goods
which make up the real consumption composite. Because of demand-determined
output and labor input, households are thus not free to adjust their labor/leisure
trade-off once a given state of nature has materialized.

Households In each country, H and F, there is a continuum of identical
households. The population in each of these economies is assumed constant and
is normalized to 1. The representative household (in H as well as in F) likes
diversity and consumes all brands on the interval [0,2]. It also supplies labor,
earning the equilibrium wage, and owns an equal proportion of domestic firms,
receiving their profits (in the form of dividends).

The representative household in Home!® maximizes its ex-post (state s) util-
ity:
]V[clmc u(cs,ls), VseS. (1)
Csyls

Our utility function is assumed to be well-behaved, i.e. to exist, be continu-
ous, twice differentiable and concave. I is (hours of) leisure (demand) and ¢, is
a constant elasticity of substitution (CES) real consumption (demand) index we
define later. The components of the otherwise general utility are, in addition,
supposed separable.

In this representative agent economy, the aggregate constraints on (per-)
household behavior coincide with those of the identical households. They are
standard in NOEM but, for completeness, we briefly present them below.

Time Endowment Constraint The endowment of hours to the repre-
sentative household (in Home) is normalized to 1 in each state,

ls+ns=1, VseS, (2)
so that ng = 1 — I is (Home) household’s (hours of) labor (supply).
Cash-in-Advance (CiA) Constraint Households need to carry cash be-

fore going to the goods market.'® Moreover, we restrict them to hold and receive
from their monetary authority only domestic currency. Thus (for Home)

18The notation in which the model is further on set out generally refers to Home, but for
Foreign symmetric relationships hold and can usually be verified in the relevant appendices
unless otherwise stated (on this particular point, see Appendiz A.1).

19T he alternative would be to introduce money and, hence, the nominal exchange rate whose
determination and regimes we wish to analyze, via a money-in-the-utility (MiU) function, also
common in monetary general-equilibrium models. Our modelling choice here is anyway not
crucial, since Feenstra (1986) has demonstrated the equivalence of these two approaches.



s P, < M,, VseS. (3)
-~ —~~

H national ezpenditure (in H currency) available cash in H (in H currency)

National Money Market Equilibrium Since CiA constraints are bind-
ing®® and there is no investment and government spending in the model, the
nominal value of national output sold (for consumption) is equal to the total
stock of money in each of the countries. For Home:

Y, =M, VseS. (4)

National Income Identity With a nominal wage rate of W, and total
hours of work amounting to 1 — s, the nominal labor income of the (Home)
representative household is given by W,(1 — ls). Nominal dividends from firm
profits earned by this household are denoted by Il;. In equilibrium, all income
from the activity of firms is distributed to domestic households who are their
ultimate owners, as will be assumed (but this happens only at the end of the

one-period framework we consider):?!
We(1—1,) + 10, = Y,, VseS&. (5)
—_————
labor income ownership income H national output (in H currency)

H national (factor) income (in H currency)

First-Order Conditions The following ”“compact” FONC' can be derived
in a familiar way from the above-described constrained optimization problem
for the H representative household:

Uy s

W, =—2p, VseS. (6)

Ue,s

u,s and ucs in (6) are the marginal utilities of leisure and consumption,
respectively, in the realized state s. The real wage rate is thus equal, in equi-
librium, to the ratio of these marginal utilities.

20For at least two reasons in our present set-up: (1) this is implied by the concavity of utility
we assumed; (ii) it is also the optimal strategy for the representative household when no future
(i.e. no dynamics) is allowed for, as in the one-period stochastic framework analyzed here.
The binding CiA implies, in turn, a unitary velocity of (quantity theory) money demand (4),
which is, of course, another limitation but one that is common to similar CiA settings.

2l Factor income is thus not used further on, to buy consumption goods and to lend or
borrow, with no future modelled. In related research, we intend to consider a sequential
markets dynamic set-up that parallels the one studied here but also allows for saving decisions.



Firms Unlike the NOEM alternative of ” yeoman-farmers”, firms exist in them-
selves in our model and effect production. A usual restriction in similar settings
we impose at this stage too is that firms are owned by domestic households
only. In the present study we also abstract from an international stock market,
as well as of risk-sharing issues in general. As noted, product differentiation
makes firms monopolistically competitive. In line with the intra-industry trade
literature, we focus here on the case where differentiated brands belong to the
same type of a homogeneous good produced in both countries with identical
technology common to all firms.?? Just one factor, labor, available in fixed
quantities in both economies, is used as input. For Home:

Ys =ng =1 — 1. (7)

Such a production function does seem simplistic, but is actually sufficient
for the purposes of our sticky-price single-period analysis here. The reason is
that, given the (New-)Keynesian set-up we described, it is household demand
and not productivity that ultimately determines output.

2.2 CCP vs. PCP Version

Currency Denomination of Transactions As already mentioned, the com-
bination of timing and nominal rigidity assumptions plays an important role in
similar stochastic CiA models. In our case, it affects in a crucial way the nature
of optimization under CCP vs. PCP. More precisely, the exchange rate does
not matter for households decision problem under CCP but becomes a key con-
sideration under CCP. The reason is in the particular currency denomination
implied by our alternative invoicing assumptions.

Under CCP, households pay for imports as well as for home-produced goods
directly in their national currency. The equilibrium exchange rate, although
observed (calculated implicitly) at the moment of the realization of the national
money growth shocks, does not play a role in consumer optimization. It only
matters for firms, as their profits from exports denominated in foreign currency
are converted back into domestic currency. In short, the ex-post exchange rate
does not affect households optimizing behavior and, hence, trade allocations.

Under PCP, households use part of their domestic-currency money balances
in the realized state of nature to buy, at the equilibrium exchange rate, the
foreign currency needed for imports. In short, the ex-post exchange rate now
influences the optimizing behavior of households and, hence, trade allocations.

The two model versions we compare further down, under CCP vs. PCP,
have imposed a specific notation we clarify next.

Notation All our quantity variables are denoted by lowercase Latin letters.
These quantities can be indexed by up to two subscripts and up to two super-
scripts. A first subscript H or F indicates the origin of the respective variable at

22In Mihailov (2003 a) we allow for national good types that differ in the sense of being
less substitutable than brands, and refer to this case as a simple form of inter-industry trade.

10



Foreign

JECRN

% N

PHC @ PFC PH' © PF' ©

Trade
i 1 = 1 ]

Figure 1: Notation on Price and Quantity Aggregation under CCP
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Figure 2: Notation on Price and Quantity Aggregation under PCP

the national-economy level, i.e. the country where a particular good i or ¢* (first
subscripts again but at the individual-firm level) has been produced. Following
the tradition, we use an asterisk (x) as a first superscript to denote that a par-
ticular quantity variable has been consumed in Foreign. The second subscript,
0 for ex-ante quantities and s for ez-post quantities, indexes the state of nature
whereas the second superscript, C' (for CCP) or P (for PCP), indicates the as-
sumed price setting. The same notational rules apply to the (money) prices or
nominal variables that correspond to all respective quantities in our model, the
only difference being that these are denoted by uppercase Latin letters. Greek
letters, in turn, designate model parameters and shocks.

For a schematic representation of prices, quantities and their (definitional)
interrelations as well as of the general structure of our CCP vs. PCP model ver-
sions, compare the respective elements and blocks in figures 1 vs. 2. Additional
explanatory comments follow suit.

11



3 The Role of Price Setting

The notation we have introduced thus far enables us to draw, in the present
section, an explicit parallel between the essential differences in the optimiz-
ing behavior and the resulting consumption demand and monopolistic pricing
functions across alternative price setting. On that basis, a formal definition of
equilibrium, in the context of our two model versions, is provided. Under float
and symmetry, we then derive CCP vs. PCP results for the exchange-rate level,
international relative prices, cross-country consumption/leisure allocations and,
most importantly, some key measures of trade flows. The underlying algebra is
systematized in more detail in appendices A and B.

3.1 Optimization and Equilibrium

Consumption Demands and Price Levels In each state of nature s € §
that has materialized, the representative household in Home (and, analogously,
in Foreign) minimizes the cost of buying a unit of real consumption defined by
a Dixit-Stiglitz (1977) aggregator:

1 o1 1 17757
oo = [(DF ()T + (3)F (ere) T
Similarly to Bacchetta and van Wincoop (2000 a) and most NOEM set-ups,
we assume that ¢ = ¢* > 1. @ in the above formula turns out to be not only the
elasticity of substitution in demand between any two Home brands (see (32£C)
and (32 P) in Appendiz A.1) but also the cross-country substitutability across
brands of the homogenous product type modelled here (see (9) and (10) further
down).*® Such assumptions result in the standard expression 25 > 1 being

, Vses. (8)

the constant markup over price a monopolist would charge (see (16) and (18)
under CCP and (17) under PCP further down).

As it becomes clear from the more detailed presentation of the derivation
we provide in Appendiz A.1, the consumption aggregator (8) is only at first
sight identical across our alternative price-setting assumptions. The reason is
that its components, cg s and cps, although seemingly the same, are in fact
optimally defined by different expressions under CCP vs. PCP. That is what
imposed the more complicated notation we employ in this paper, e.g. cg s and
C%S Vs. CZS and cF , as well as the need to discuss in parallel the key CCP
vs. PCP model version differences. They originate in some initial, pricing- and
quantity-specific definitions like those above. But as the optimization proceeds
on and is nationally aggregated, these differences also feed into the resulting
analytical outcomes.

Standard derivations & la Dixit-Stiglitz (1977) under CCP vs. PCP result
in Home optimal demands for H- (equation (9) below) and F-produced (10)
brands and the respective price indices at the domestic absorption (11), import
demand (12) and consumer (13) levels as follows:

23This is, certainly, a restriction on aggregate (or national output) substitutability, which
we revisit in Mihailov (2003 a).
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Clearly, under PCP the exchange-rate pass-through to import prices is uni-
tary, while under CCP it is prefized (cf. the CCP vs. PCP expression in
(12)). For the same reason, the CPI is constant under CCP, PY, but state-
dependent under PCP, PF (cf. equations (13)). This causes demands for even
domestically-produced brands, at first sight identical, to be actually different
across our alternative price-setting assumptions (cf. the CCP vs. PCP expres-
sion in (9)). To be able to go further into this type of parallel analysis, we have

to also consider optimal pricing by monopolistically competitive firms.

Output Prices Similarly to the consumption aggregator (8), the expected
market value of real profits?* which a Home firm i € [0, 1] maximizes is seemingly
the same, but is nevertheless differently defined under CCP vs. PCP:

24Note that the relevant weights for the states of nature in the formulas we introduce are
related to the marginal utility of consumtion of the representative shareholder, uc,s.
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Under CCP this firm ¢ — which also turns out to be (see the optimization
problem in Appendiz A.2) the Home representative firm — presets two prices,
one in national currency and the other in foreign currency. Under PCP just one
price, in national currency, is prefixed. Using the respective first order condi-
tions, CCP vs. PCP optimal prices of the Home representative firm (relevant
for consumer households in the domestic and foreign market) are thus:

Y2 EO [uc,sWSCMS]

P = pS = : 16
K2 H 80 _ 1 EO [uc,sMs] Vs ( )

¢ Eo[ucWEM,] + Eo [ue WEM]

PP _ pP_ 17
’ H © — 1 EO [uc,sMS} + EO [uC,SM:} ’ ( )
Ep [ue,s W M{]
Pl —pnt =% e Vs, 1

f H 0 —1 Eqglu.SCM] Vs (18)

P Py

«P _ g P _ s

Pie=gpr = B0 =5 )

—_— ——

LOP PPP

As evident from (19), the price at which Home representative firm’s product
sells in Foreign under PCP, PI?,}:, depends on the exchange-rate level that has
materialized ex-post, S¥. In fact, it is LOP applied to the homogeneous good
type (differentiated across monopolistically produced brands) in the present
intra-industry trade context that underlies the above PCP Foreign import price
definition. Moreover as we noted earlier, the price which is preset in the cur-
rency of the seller (Home in the case we comment here) under PCP, P, becomes
state-dependent when converted — via the observed exchange rate, SI’ — in the
currency of the buyer, P;}’f;. This is the major channel along which we distin-

guish and interpret the differences between our model versions under CCP vs.
PCP.
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Definition of Equilibrium We now formally define an equilibrium concept
that corresponds to the described sequential optimization.

Definition 1 In the context of the model versions we presented, an equilibrium
is a set of quantities and prices, such that:

1. [Ex-Ante Conditions] before the resolution of monetary uncertainty
but given commonly held views about the joint symmetric distribution of
money growth shocks (pg, p%);

(a) [Firms Stochastic Optimization] given their technology constraint and

the expected quantities demanded in the goods market, { Ey [cg’s] r
Ey [c’;{i] , Eq [c}ﬂ, Ey [cgs]} under CCP or {Eo [cﬁ,s] , Ey [c;{i] ,
Ey [c}”ﬂ , Eo [cg,s]} under PCP, the prices, {Pg, PZ;C, P;’C, Pg}
under CCP or {PII; r P;’P} under PCP, that are optimally preset ex-

ante (i.e. in state 0) and bindingly posted to consumer households for
transactions ex-post (in state s for Vs € S) solve the profit mazimiza-
tion problem of the representative producer firm in Home as well as
in Foreign,

2. [Ex-Post Conditions] following the resolution of monetary uncertainty
and in any state of nature s € S that has materialized;

(¢)

(b)

(c)

(d)

[Households Labor-Leisure Trade-Off] given its constraints and the
posted prices, { P{ PI’;’C, P;’C, P{} under CCP or {PF, PI’;’P}
under PCP, the representative consumer household in Home as well
as in Foreign spends up all available cash on its total real consump-
tion {cs,ck}; hours of work (employment) {1 —1s, 1 —1%} are sup-
plied by households until firms demand labor to equilibrate ex-post
consumption demand for their differentiated products at the resulting

libri I tes 4 o Ws
equilrtorium real wage rates e ,
q g P’ Prf’

[Households Consumer Basket Allocation] given the posted prices,
(PG, PyC, PLC, P} under CCP or { PE, P;E’P} under PCP, the

consumption quantities {CJCL:,YS , cz’c;, CPS, c%s} under CCP or {Cfl,s ,
c}}’i, c?,f, cl{z’s} under PCP solve the cost minimization problem &
la Dizit-Stiglitz (1977) of the representative consumer household in

Home as well as in Foreign;

[Goods Market Clearing] all quantities under CCP or PCP satisfy the
feasibility conditions for each differentiated brand so that all product-
brand markets — and, hence, the international product-type market as
a whole — clear;

[Forex Market Clearing] the international forex market clears as well.
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3.2 Equilibrium Nominal Exchange Rate

The simple symmetric structure of the model we analyze allows an explicit
derivation of the equilibrium nominal exchange rate (NER).2° It solves the in-
ternational forex market clearing condition?® which states that excess supply of
each of the two currencies (expressed in the same monetary unit) is zero in any
state of nature s € S that has materialized:*”

C C C *,C x,C _
Prcp - 57 Pp~ ey = 0 (20)
F export revenues < HC supply H export revenues < HC demand
P *P P P P —
Vs. Ss - Pp” cp - Prcy s = 0. (21)

H import demand < HC supply F import demand < HC demand

Substituting for optimal demands above as well as for the ideal H and F
CPI definitions further on in the algebraic manipulation derives the following
general expressions for the equilibrium NER under CCP vs. PCP:

, 1—
Pg 1—¢ 1+ Pllf's v
5 = ) <P_5) Mo s 8P = i M )
s ¥, 1—p* M* . s P 1—p* M*
1+ (PF 0) 8 Py s
Py I+ {57

Equilibrium NER under Full Symmetry Under full symmetry, i.e. with
PS¢ = P;’C, PS¢ = PI"}C, P¢ = P»% and ¢ = ¢* under CCP vs. P} = P;’P,
P, = sPpat PI’;’,S = 1—;‘;, PP = SPpP»P and (again) ¢ = ¢* under PCP,
the above expressions simpfify to

1
M; M\ ¢
5S¢ = i SP — (M:> . (23)

The equilibrium exchange rate (23) under CCP vs. PCP only differs in
including or not the key model parameter, ¢ = ¢* > 1. This result implies
that, in equilibrium, the NER should be less wvolatile under PCP than under
CCP,2® just because of substitutions via imports/exports induced by the pass-
through effect under PCP. In both cases, however, the equilibrium exchange rate

25The nominal exchange rate is defined in the usual way as the Home-currency price of
Foreign money.

268ee also Appendiz A.3.

27 Taking the currency of H as the common unit of account.

28 A point first made by Betts and Devereux (1996). It is also evident that, for a given
symmetric distribution of money growth shocks, NER volatility will thus be lower under
PCP by a magnitude depending directly on the particular value of consumption demand

substitutability, g, or, alternatively, the degree of monopolistic competition, E(;Ll'
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is a function of fundamentals, namely the money stocks in Home and Foreign.
The more general formula (22) does not impose full symmetry in order to apply
simplifying substitutions relying on PPP, P = S¥P*»¥ under PCP or even
stronger equations such as, in our CCP case, P = P*®. The benefit from
looking at (22) is that this formula makes evident another principal difference
between the price-setting assumptions we study here. In general, the equilibrium
exchange rate in a sticky-price model of intra-industry trade will depend not
only on relative money stocks but also on relative price levels resulting from
aggregation of the optimally prefixed prices of domestic and foreign (highly
substitutable) brands. This is true for both the cases of CCP and PCP, but the
difference is, again, that in our PCP version import prices are state-dependent,
and hence sensitive to (or affected by) the ex-post exchange rate, whereas this is
not so under CCP. Another parameter that will also, in principle, determine the
equilibrium exchange rate in this type of NOEM set-ups could be a nationally-
specific elasticity of substitution in consumption, ¢ # ¢* (or, equivalently, a
nationally-specific degree of product market monopolization, J'f_1 * ;%)

Optimal Firm Prices under Full Symmetry Using (6) and its equivalent
for Foreign as well as (23) under CCP and PCP to substitute for the endogenous
variables W, W2 and S in (16) through (19), the optimal firm prices derived
earlier can now be fully determined. The final model solutions for prices in
terms of exogenous variables and parameters only are thus:

pC_pC_ _% pC Eo [ug,s M)
‘ " ¥ — 1 Eq [uc,s]\/[s]

) E() [ul:SPst] + EO [ul,sPsPM;] .
@ — 1 Ey [uc,sMs} + Eg [uc,sM:} ’

PP =Pl =

K2

pC _ psC _ ¢ proko [ug,s M|

VS.
: 7 " p-1 Eo [te,s Ms]
Pf PF
* P H * P __ s
PH’S =— = P =—7.
M, \ ¢ M, \¥¢
My My
N————— N— ———
LOP PPP

As in Bacchetta and van Wincoop (2000 a), it is easily seen that under CCP
the prices set by the Home representative firm domestically, P, and abroad,
P;}’C, will be the same only if Eg [u; sMs] = Eg[u;,sM7]. This will always be
true under peg, since then M} can be substituted by M, everywhere in the
formulas up to here, but not generally under float. Bacchetta and van Wincoop
(2000 a) formally prove, in their Lemma 1 and related Proposition 1, that
Eo [u,sMs] = Eg [u,s M}] and, hence, P§ = PI’;’C is true only when utility is
separable in consumption and leisure. To be able to continue now with our focus
in this initial study on the fully-symmetric case, in section 2 we purposefully
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assumed this less general case which is nevertheless widespread when it comes to
modelling preferences. With separable utility under CCP and float, the prices
optimally preset domestlcally and abroad will therefore be the same, due to
symmetry, so that P§ = P;;” = PS = PFC

It is also clear from the respective formula above for Home and the cor-
responding one for Foreign?” that under PCP and float, when just one price
is optimally prefixed in each country, in the domestic currency, the two pre-
announced prices will have the same level, P = P}’P, given symmetry and
separability again. Yet the respective ex-post PCP prices in the foreign cur-
rency, PI’;’,S and Pﬁ s> will in general not be equal to those preset domestically.
Observe, however, that under PCP and peg the domestic-currency prices of
home and foreign substitutes faced by consumers in a given country will be the
same for any s € S, so that P§ = Pp¥ = PE = Pp¥ (ex-post as well as
ex-ante).

A final set of key equations in the model provides, under full symmetry,
straightforward expressions for some traditional characteristics of international
trade. In addition to the trade share in output by country considered in Bac-
chetta and van Wincoop (2000 a) under CCP, in our present extension we also
discuss three other aspects, missing in their study and central to understanding
the CCP vs. PCP outcomes of our analysis. These aspects concern interna-
tional relative prices, the trade balance and the share of world trade in world
output.

3.3 Equilibrium Relative Prices

Relative Price of Foreign to Domestic Goods We saw that under CCP
with jointly symmetric money shocks and separable preferences, all prices are
optimally prefixed in the currency of the buyer at the same level: P§ = P;}’C =
PS¢ = P;i’c. As a consequence, the relative price of foreign-produced goods in
terms of domestically-produced ones in both countries is predetermined at 1:3°

C *,C

IJjZC ]P;I*{C :pF for Vs € S. (24)
Under PCP, the prices which firms preannounce in their domestic currency
have likewise the same level across countries, P4 = P*’P However, the corre-
sponding foreign-currency prices obtained via LOP, P;IISD and PF can remain
equal to the domestic-currency ones only if some low—probablhty state of relative
monetary equilibrium, s, € S, C S, occurs. In general, the resulting relative
prices of foreign-produced goods in terms of domestically-produced ones under
PCP are reciprocal across countries and reflect directly the ex-post nominal

exchange rate:

2¢ .

29See Appendiz A.2.

30In such a way, any effects of the ex-post values of these key international relative prices
on consumer behavior are precluded under CCP.

18



— Py
S P*, SP —1
Pirs = S_P;jF_ =8F = —i = (p}f) # 1 unless s,. (25)
3

Terms of Trade In our symmetric set-up, the terms of trade (ToT) are in-
versely defined — across countries for the same invoicing convention as well as
across price setting assumptions for each of the countries with respect to the
nominal exchange rate. Our CCP model version thus implies a negative rela-
tionship between the NER and the ToT: a nominal depreciation improves the
terms of trade. Just the opposite effect is, however, predicted by our PCP
model version: the relationship between the NER and the ToT is positive, so
that a nominal depreciation weakens the terms of trade and induces, in turn,
expenditure switching, an international spillover channel largely debated in the
Mundell-Fleming-Dornbusch tradition:

:I,Im,c' EP[m,(?’
="H I
’ c
C *, -1
c __Pg _ 1 _ | Py — *,C
(ToT)y . = SCprC = 5 o = |(ToD)y, # 1 unless s, vs.
s H S¢
plin,C ~~
L EP;Z“’:(‘
(26)
m _1
=rpt =rp;"
= Py
P szs stpst P 5 P11
(Tol)fy, = —bp- = S0 —sP = | 2| = [(TOT)FS} £ 1 unless
’ PH H F s
~—~ ~—~
_pha, P =pl=, P
="H,s I's
(27)

This latter result, which we have explicitly derived from microfoundations,
is in line with findings in other recent NOEM papers, in particular with the
Obstfeld-Rogoff (2000) correlation approach of checking for pricing-to-market
in macrodata.’!

Real Exchange Rate In compliance with the PPP literature, our symmetric
PCP model results in a microfounded real exchange rate (RER) that is constant
(across states of nature) at 1 in equilibrium:

310ur theoretical point here is the subject of related empirical work in Mihailov (2003 b).
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(28)

On the other hand, our CCP version leads to a parallel equilibrium outcome
of a RER that moves one-to-one with the NER (across states of nature), as
consistent with the higher RER volatility implied by PTM-based models:

(RER)Y =

C p*,C Pe -
c _SspP” ST _ Nelle
(RER)y, = 55— =5 = | 5% = [(RER) F} # 1 unless s..

(29)

3.4 Equilibrium Consumption and Leisure across Coun-
tries

To better understand the implications of the microfounded general-equilibrium
framework we study for CCP vs. PCP trade flows, we now have to first consider
its outcomes across price setting in terms of the ingredients of the utility func-
tion, namely consumption and leisure. Our essential points are summarized in
the propositions we state in their logical order throughout the present subsec-
tion. Proofs, based largely on earlier definitions and derivations, are provided
in Appendiz B whereas interpretations follow further down in the main text.

Proposition 1 (Relative Consumption) Relative real consumption is ultimately
determined by the relative money stock, no matter the particular price setting
assumed.

To put it differently, Proposition 1 establishes that it is national money
shocks and, consequently, relative money stocks (or relative wealth in our simple
NOEM framework) that really matter — via demand and trade — for ex-post real
consumption differences across the ex-ante symmetric countries, irrespective
of the invoicing convention. Note, however, that under CCP but not PCP
the relative money stock is also the equilibrium nominal exchange rate and
that under PCP but not CCP the elasticity of consumption demand, ¢ > 1,
mitigates3? the effect of relative monetary disequilibria. More importantly, there
is another, principal difference between our price-setting assumptions which
results from the fact that CCP prevents substitution across borders, and hence
expenditure switching, while under PCP such substitution is optimal, as we
show next.

Proposition 2 (Consumption Bias) Under CCP the optimal split-up of real
consumption between demand for domestic and foreign goods is always 50 : 50
whereas under PCP it is ultimately determined by the relative money stock.

32 Compared to the CCP case.
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Proposition 2 is of major importance for understanding our equilibrium trade
share outcomes across price-setting assumptions to be discussed in more detail
later on. It implies that in our CCP model version a monetary expansion —
coordinated under peg or unilateral under float — does not induce any bias in
goods consumption. In the PCP case, by contrast, a monetary expansion in
one of the countries results — by depreciating (appreciating, for the other coun-
try) the equilibrium exchange rate, making imports more expensive (cheaper)
and inducing substitution away from (into) them — in a bias in both countries
favoring consumption of the goods produced in the ezpansionary country.

Proposition 3 (Balanced Trade) Given full symmetry, the trade balance in
each of the two economies is always zero, no matter the particular price setting
assumed.

The ultimate reason for the result in Proposition 3 is the full symmetry
imposed in our set-up. Under CCP the prices relevant for consumer optimization
and, hence, the corresponding cross-country quantities consumed do not differ.
Under PCP they ezactly compensate each other. In both model versions then
the national currency value (quantity multiplied by price) of imports and of
exports remains necessarily the same for each of the two countries, irrespective
of the particular state of nature s € S that has materialized. Consequently, the
trade balance is always constant at zero, no matter the invoicing we model.

Proposition 4 (Relative Leisure) Under CCP equilibrium output, employment
and leisure (but not consumption) are always equal across countries whereas
under PCP output, employment and leisure (as well as consumption) are ulti-
mately determined by the relative money stock and are thus not generally equal
across nations.

The basic intuition behind Proposition 4 is that under CCP the two countries
always produce the same real quantities of output, no matter the particular
state of nature that has occurred. Because of the identical technologies, the two
countries furthermore employ the same amount of labor, i.e. employment is the
same as well. Therefore, the hours of leisure the representative household in
Home and in Foreign enjoys — residually, due to the demand-determined output
and, hence, labor input — under CCP are always the same too. By contrast,
under PCP the two countries do not produce the same real quantities of output,
unless some state of nature of relative monetary equilibrium s, has materialized.
Due to the identical technologies again, the two countries do not employ the
same amount of labor. Consequently, the hours of leisure the representative
household in Home and in Foreign enjoys under PCP are generally not the
same either.

To provide certain parallels between the present set-up and the preceding
related literature, we finally consider the traditional example of the impact of
a one-time money supply shock. Since the model here is explicitly stochastic,
we shall rather be talking about relative monetary expansion or relative money
stock disequilibrium, situations summarized by the convenient sy € Sy C S
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and sp € Sp C S notation we introduced earlier. In order not to violate the
credibility of our sticky-price environment, we more precisely analyze ex-post
allocations in response to money stock growth shocks of a small magnitude
occurring after the initial symmetric equilibrium.

Proposition 5 (Impact of Monetary Expansion) In our CCP model version,
any relative monetary disequilibrium under float increases the ex-post utility
of the residents of the expansionary country relative to the ex-post utility of
the residents of the contractionary country. Interestingly, PCP inverses this
conclusion.

The logic underlying Proposition 5 is that in our CCP model version house-
holds in both economies enjoy equal amount of leisure in any state that has
materialized, but at the same time those in the expansionary economy consume
more relative to their neighbors in the contractionary economy. So overall,
ex-post utility is higher in the expansionary country, a result reminiscent of
(but not identical to) ”beggar-thy-neighbor” policies debated in the Mundell-
Fleming-Dornbusch tradition. Under PCP, by contrast, the gain of the Home
representative household in consumption relative to the Foreign one is lower
than its simultaneous relative loss in leisure (when consumption and leisure are
equally valued, as we assume for our purposes here). Under PCP, therefore,
Home residents are worse-off than Foreign ones in cross-country ex-post utility
terms following a Home relative monetary expansion, a finding similar (but not
equivalent) to classic and more recent ”beggar-thyself” reasoning.

3.5 Equilibrium Trade Flows

Trade Shares by Country Under CCP vs. PCP, Home®? equilibrium (ex-
post) foreign trade / GDP ratio in each state of nature s € S is defined by

o _ (Bo)f,+Um)y, SC-PpC-cil+ PR,
(ft)m,s = c oo oo Vs (30)
(DA)g s+ (Ex)g, Pg-ch,+5S¢ Py ey

EPII’:S
—_——
P P P P
(ft)P _ (Em)H,s + (Im)H,s o Pg “CHs + SSP : PF ’ Cg,s (31)
DA+ (B, PR el PG

where (Ez)f , denotes Home exports, (Im)f; , Home imports and (DA)g ,
Home domestic absorption, all these three Home-currency values (prices multi-
plied by quantities) under CCP and in any state s € S that has materialized.

(Ex)g,s, (Im)fl,,S and (DA)Z,S are, of course, the respective PCP values.

33 For Foreign, the corresponding expressions are symmetric, as can be verified in Appendiz

A
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Substitutions for optimal demands and use of the Home ideal CPI definition
derive — under full symmetry and separable preferences — the CCP vs. PCP
trade share curve for Home:

c 2 2
(ft)y = PCNL @ = YT = const =1 vs. (32)
(P:I’p) 1 (EO[UI,sM.;T]) +1
P 2 B 2 - 2
(fOrs = pr \o- 1 = (SP)w_l 1 o # 1 unless se.
() 1 & (#) " +1

(33)
The corresponding trade share curve for Foreign is symmetrically given by

2 2
(ft)g = — = — =const=1= (ft)g VvS.
(PP( ) +1 EO[“;‘sMs*] +1

o Eo[up M|

(34)

2 2 2
(ft)i,s = o1 = pE— = =y #1# (ft)g,S unless s..
(%) +1 (&) w1 ()7 4
(35)

These two pairs of equations compare directly the impact of our alterna-
tive price-setting assumptions on trade, measured relative to output.** Under
CCP, (32) and (34) show that the equilibrium trade share is constant at 1 in
each country and in any state of nature that has materialized. Under PCP, by
contrast, this is not generally the case: as clear from (33) and (35), national
trade-to-output ratios now both become state-dependent, i.e. volatile, unless
some low-probability state s, of relative monetary equilibrium occurs.

To see the intuition behind, assume a Home relative monetary expansion
and compare the numerator and denominator in (30) under float. Under CCP,
no substitution occurs between domestic and foreign brands of the same product
type we model here, due to the preset buyer’s currency prices and the resulting
foreign/domestic relative price equality across countries in (24). That is why
the additional (or excessive, with respect to Foreign) Home cash in the observed
state of nature sg € S C S splits up evenly (50 : 50) into a domestic demand
increase and an import demand increase:*® (DA)E,SH 1= (Im)g’sH 7. Thus,
the denominator in (30) changes by the same amount as the numerator, and the
trade/output ratio remains constant (across states).

34The first equality in the formulas expresses the trade/GDP ratio as a function of price
levels. The last equality is, in turn, the reduced-form version which expresses trade relative
to output as a function of the exogenous variables only.

35 As formally shown in Proposition 2.
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Under PCP, by contrast, prices are prefixed in the currency of the seller.
Therefore, the observed nominal exchange rate affects import prices, and hence
consumer price levels, thus partly ”flexibilizing” our otherwise fix-price model.
The ex-post NER feeds on into the foreign/domestic relative price reciprocity
across countries highlighted in (25). This key relative price is now state-dependent
and, in turn, influences itself optimal consumer decisions on cross-border sub-
stitution®® in demand. Home import demand falls as more expensive imports
resulting from the depreciated exchange rate (relative to its ex-ante equilibrium
of 1) are substituted away and into domestic analogues so that domestic demand
rises, as well as Home exports, for the same (or rather symmetric) reason applied
to Foreign importing households:*” (Im)ZjSH 1= (Em)ZjSH 1= (DA)Z}SH 7.
Thus, the denominator in (31) goes up whereas the numerator stays flat, as
rising exports and falling imports compensate exactly each other in value.’®
The equilibrium trade share in Home is consequently less than its CCP value
of 1, and the trade share in Foreign is more than 1, following a Home relative
monetary expansion.

To illustrate the interpretation suggested above, we present in Figure 3 the
PCP trade share curves for Home, equation (33), and for Foreign, equation (35),
according to a baseline computation we have performed setting ¢ = 11. This
latter value of the elasticity of substitution in consumption demand is consistent
with a markup E% of 10%, a largely consensual estimate in empirical studies.
For completeness, we have also studied the cases of a very elastic demand,
¢ = 101, which corresponds to a tiny markup of only 1% as in Figure 4 and of
almost inelastic demand, ¢ = 2, corresponding to a huge markup of 100% as in
Figure 5. The graphs show the trade share in output ( ft)SP (on the vertical axis)
under PCP, float and full symmetry as a function of the equilibrium nominal

exchange rate S or, ultimately, the underlying relative money stock ﬁi (on

the horizontal axis).

A comparison among the reported three cases shows that the degree of substi-
tutability ¢ > 1 across the individualized brands that nations exchange within
the same type of good under PCP intra-industry trade — or, alternatively, the
degree of imperfect competition identified by the monopolistic markup —#5 > 1
charged over price — matters a lot in related analyses. In particular, PdaP trade
share curves are much flatter and more curved in the vicinity of 1 under low
substitutability and highly monopolized world market structure relative to the
“normal” situation (¢ = 11). By contrast, these same curves are almost vertical
and straight in the near vicinity of 1 with high substitutability and competition
close to perfect.

World Trade Share

36

Whose degree depends on the particular value of the key elasticity parameter ¢ = ¢* > 1.
37 According to Proposition 2, again.
38Recall the PCP reasoning in the proof of Proposition 3.
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Figure 3: PCP Trade Share Curves under ”Usual” Monopolistic Competition
(for a markup of 10%, i.e. ¢ =11)
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Figure 4: PCP Trade Share Curves under Near-Perfect Competition (for a
markup of 1%, i.e. ¢ = 101)
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Figure 5: PCP Trade Share Curves under High Monopolistic Competition (for
a markup of 100%, i.e. ¢ =2)
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Proposition 6 (World Trade Share) For the world economy as a whole, the
trade-to-output ratio is constant at 1 in any state of nature s € S, due to
symmetry and no matter the particular price setting assumed.

Under CCP, Home nominal trade is always equal to Home nominal output
so that the Home trade share in output is constant at 1, irrespective of the
state of nature that has materialized. The same is true for Foreign, and as
a consequence the (equally-weighted) world trade-to-GDP ratio is also 1 for
Vs € 8.3

Under PCP, by contrast, Home and Foreign trade shares in output are sto-
chastic and not equal to each other and to 1 unless relative monetary equilibrium
occurs (se C S). However, as can also be verified by looking at figures 3, 4, and
5 the Home and Foreign trade share curves are complementary in the sense that
at each point they sum to 2, so that world trade equals world output for Vs € S.

Trade Balance Derivations identical to those for the trade share in output
above but with a minus sign in the numerator of formulas (30) and (31) always
(i.e. in any s € S) derive a zero trade balance, no matter the specific invoicing
assumed. The logic behind this result was highlighted in Proposition 3.

4 Effects of the Exchange-Rate Regime

Making further use of the equilibrium solutions under float we characterized
thus far, the present section summarizes the implications of a peg, and there-
fore of the alternative exchange-rate regimes we study here, for international
intra-industry trade prices and flows. Our regime comparisons discussed below
are made along two dimensions, namely with respect to ex-post (equilibrium)
and ex-ante (expected) trade measures. The reason is that when evaluating
float vs. peg under (monetary) uncertainty it is the expected levels of the rele-
vant variables, i.e. integrated over the entire distribution of shocks, that can be
meaningfully compared, the ez-post ones being stochastic, i.e. state-specific. We
saw, however, that our equilibrium model outcomes concerning, in particular,
the share of nominal trade in nominal output by country were not necessarily
stochastic, and whether they were or not depended on the currency of invoicing
assumed. Moreover, the equilibrium solutions are a necessary first step in de-
riving the expected ones. That is why we also retain in what follows the ex-post
dimension of our analysis and then simulate a possible ex-post trade stabilization
role for a fized exchange-rate regime under PCP (but not CCP).

4.1 Comparative Synthesis of Equilibrium Results

Table 1 captures in a synthetic form the effects we evoked in our propositions up
to now. It compares the equilibrium model outcomes under a flerible exchange-

39This latter equality does not, however, also mean that real consumption is equal in the
two countries, which will be true only under equal money growth rates in a given state of
nature se (recall Proposition 1).
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rate regime across the alternative price-setting conventions studied.

CCP

PCP

1

NER S¢ =2 £ 1 unless s, SP = (ﬁ*) © %1 unless s,
relative prices
#1 unless s,
-1
foreign/home PG =pp =1 ij (p}f) =8P =
#1 unless s
ToT (T, = —L0 = & = = (ToT)% = 1
H,s — (ToT)f;: - s¢ H,s — (TOT)}:—"]:
*,C P *, P ’
RER = W = (RER);; # 1 unless se (RER)y = (RER)y =
consumption
relative @ #£ e unless Se cP ;é ct unless Se
( C C
split-up Zﬁ; = f{ =1,Vs 1 ;é ” = ;é 1 unless s,
F,s CH,s ch,S
aggregates 5, =G, # S =yl Vs Cls 7 CF,s ;é s # el unless s,
labor/leisure
employment ng =n5>% Vs nl # n5F unless s,
leisure ¢ =1 i Vs 1P #1%F unless s,
trade-to-output
Z1 Z1
c ,C P P
by country (=0t =1 (ft)Hj)S # (ft)7, unless s,
c *,C *, P
world %( )H %(ft) =1 %(ft)H,s+%(ft)F,s =1,Vs
trade balance (TB)S, = (TB)2 =0 (TB);;, = (TB)2" =0

Similarly, Table 2 provides a compact account of our CCP wvs.
librium findings under a fized exchange-rate regime, i.e.

Table 1: Equilibrium Results under Float

PCP equi-

with M, = M7 for

Vs € S. It helps clarify in an explicit manner the parallels and divergencies
with regard to the corresponding float results in Table 1.

On the basis of these two comparative tables, we next discuss the impact of
alternative exchange rate-regimes on trade prices and flows, given CCP or PCP.

4.2 Relative Prices under Peg

As far as the key international prices are concerned, a peg makes a difference
with respect to a float in that it ensures all three relative prices we considered
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| | CCP | PCP

T

NER SC = Me s Sf:(%ﬂ“:lws
relative prices
foreign/home same as under float ph=ppl =87 =
ToT (ToT)$, = (ToT)S = 8° = | = (ToT)L = (ToT)h =1
RER = (RER)S, = (RER)S. =1 same as under float
consumption
relative c§ =% Vs ' =ctf Vs
> P
split-up same as under float Z—é’ﬁ = Z—i*,i =1,Vs
7,8 H,s
aggregates G, =c%, = C*HC; = c}’g, Vs | e, =cP, =cyl = cpl Vs
labor/leisure
employment same as under float nf =n>P Vs
leisure same as under float 1P =1F vs
trade-to-output
by country same as under float (ft)g = (ft)l{i =1
world same as under float same as under float
trade balance same as under float same as under float

Table 2: Equilibrium Results under Peg

— the foreign/domestic output price, the ToT and the RER — to be equal to
1, i.e. to the fized NER (cf. tables 1 and 2) not only ex-ante (in expectation)
but also ex-post (in equilibrium) in any realized state. Consequently, Home
as well as Foreign agents perceive these prices in the same neutral way which
does not induce substitutions in consumption via pass-through and expenditure
switching. Under float and CCP (see Table 1), this is not generally the case
for the ToT and the RER, no matter that the relative price of foreign-produced
goods in terms of domestic goods is always predetermined at 1 (so that the
expenditure-switching channel is inoperative). Under float and PCP (see again
Table 1), it is not generally the case for this latter relative price (so that now
NER pass-through induces optimal expenditure switching) and for the ToT, no
matter that the equilibrium RER is always 1, due to PPP.

4.3 Expected Trade Flows

Proposition 7 (Ezpected Trade Share) Under full symmetry and separable pref-
erences, the expected trade-to-output ratio in each of the countries is always 1,
no matter the particular price setting and exchange-rate regime modelled.

Under CCP, equations (32) and (34) we derived earlier showed that the value
of trade is equal to the value of output, irrespective of the particular state of na-
ture that has materialized. To put it differently, both trade and output do vary
in value across states, but under CCP when there is no consumption bias this
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variation is in the same direction and proportion so that their ratio always re-
mains constant, at 1 under full symmetry and separable preferences. Therefore,
ezpected trade-to-output is also 1 under CCP, given the above assumptions:

Eo[(15] = Bo [(f0F] = Boll] =1, ses. (36)

Taking expectations from the equilibrium trade share formulas, (33) and
(35), under PCP with float and full symmetry is shown in the Appendiz B to
derive the same result:

Eo[(f0f,] =1= B [0f,]. ses. (37)

We thus conclude that expected trade-to-output is 1 under PCP too.

To sum-up, our alternative assumptions on invoicing and monetary arrange-
ments are neutral to expected trade shares, the relevant measure to compare
them under uncertainty, as in our framework. Moreover, these same key as-
sumptions are also neutral to the trade balance — expected as well as equilib-
rium.*0

However, there is one essential way, valid only under PCP, in which the
exchange-rate regime does matter for trade in our set-up. It is that a peg
eliminates — by preventing any exchange-rate pass-through on relative prices
and, hence, by shutting down the expenditure switching channel — the volatility
of trade in terms of output across states of nature. Comparing the trade share
formulas (33) and (35) makes it easy to see that a peg under PCP restores in
any s € S the ex-post equality, typical under CCP with float, between nominal
trade and nominal output in each of the countries. This interesting parallel is
highlighted next.

Corollary 1 (Trade-Output Equalization under PCP with Peg) A fized exchange-
rate regime, by maintaining relative money stock equilibrium in any state of
nature, guarantees under PCP — via the optimal consumption split-up channel
— equilibrium trade to be equal to output in both countries modelled.

Proof. Follows directly from the proofs of propositions 2 and 5. =
Note that trade-output equalization obtains always under CCP even with
float,*! so a peg is in that case not needed to bring about such a result.

4.4 How Much Trade Stabilization under PCP with Peg?

In Corollary 1 we showed that under PCP a peg can stabilize the ex-post trade
share in each of the economies at its CCP level of 1 (expected as well as actual in
any state of the world). But what is the likely degree of such trade stabilization?

To answer this aspect of our analysis, we finally simulated our PCP model
version under two classes of jointly symmetric money growth shock processes:
(i) a standard normal (discretized) distribution, N (0,1), and (ii) a wuniform

40Under full symmetry and separable preferences, again.
11 Given full symmetry and separable preferences.
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(discretized) distribution with 101 equally-spaced values centered around zero,
Uul-5.0,-4.9,..,-0.1,0,0.1,...,4.9,5.0]. In the second case we have thus implic-
itly assumed a volatility of the forcing variables in the model, the two monetary
disturbances, which is 2.93 times higher than in the first one in terms of (rela-
tive) standard deviation. In both cases the simulated magnitudes of the shocks
are directly interpretable as percentage growth rates of the money stock under
(pure) float, i.e. given the assumption that the shocks in Home and in Foreign
are jointly drawn from identical but independent distributions.

100 random draws were generated from the described two classes of bivariate
symmetric distributions for each money shock. We then computed, for the
obtained 100 states of nature, the equilibrium NER and trade shares under
CCP and PCP as well as their descriptive statistics, given ¢ = 11. 10 such
simulation exercises were performed in total, from which we finally computed
the respective mean descriptive statistics, as they are reported in Table 3.42

Reported values are means of 10 simulations with 100 states (M, M) generated in each

Equilibrium NER Equilibrium Trade Shares

N (0,1) shocks | U [—5,5] shocks | N (0,1) shocks | U [—5,5] shocks

CCP PCP CCP PCP | Home | Foreign | Home | Foreign
Mean 1.0002 | 1.0000 | 1.0004 | 1.0000 | 0.9993 | 1.0007 | 1.0024 0.9976
Median 1.0005 | 1.0000 | 0.9994 | 1.0000 | 0.9974 | 1.0026 | 1.0032 0.9968
Maximum 1.0391 | 1.0035 | 1.0954 | 1.0083 | 1.1880 1.2061 | 1.4596 1.4596
Minimum 0.9657 | 0.9968 | 0.9129 | 0.9918 | 0.7939 | 0.8120 | 0.5404 0.5404
Std. Dev. 0.0145 | 0.0013 | 0.0419 | 0.0038 | 0.0787 | 0.0787 | 0.2196 0.2196
Observations 100 100 100 100 100 100 100 100

Table 3: Volatility of the Equilibrium NER and PCP Trade Shares

As clear from the table — and as implied by our earlier equilibrium NER for-
mulas — the exchange rate is more volatile under CCP than PCP, no matter the
particular shock process (once it is jointly symmetric across identical nations).
How much more volatile corresponds roughly to the value of the elasticity of
(cross-country) demand parameter, ¢ > 1. Since ¢ = 11 in our simulation,
the standard deviation of the CCP NER is 11 times higher than that of the
PCP NER, for the standard normal as well as for the uniform distribution. As
we noted earlier, the degree of consumption substitutability thus mitigates the
impact of exogenous monetary policies under PCP (relative to CCP). Nominal
exchange-rate volatility is roughly 3 times higher for the uniform distribution,
since the forcing shocks in it were chosen to be 2.93 times more volatile than
those in the standard normal distribution, as already explained. The variability
of the NER in the model is thus ”inherited” — although to a different degree un-
der CCP vs. PCP*? — from the variability of the underlying symmetric money

42The GAUSS program for the simulation and a more detailed presentation of the results
are available upon request.

431n the PCP case the former volatility is much lower than the latter in terms of standard
deviation, 0.13% vs. 1% under the normal shocks and 0.38% vs. 2.93% under the uniform
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growth disturbances.

As far as national trade-to-output ratios are concerned, our simulation indi-
cates a much higher volatility. In compliance with the theoretical implications of
the PCP model version, it is the same across countries. Trade share variability
under PCP is, of course, a function of the NER variability (given ¢ = 11) and,
ultimately, of the volatility of the driving monetary shocks. It is of the order
of a standard deviation of 7.87% for the jointly symmetric normal disturbances
and of 21.96% for the uniform ones. To judge about the magnitude of these
fluctuations, observe that the underlying standard deviations of the PCP NER
are of only 0.13% and 0.38% for the normal and uniform distribution cases,
respectively (cf. Table 3).

All in all, the above-simulated magnitudes of the (short-run) fluctuations of
the PCP NER are much too insignificant compared to what is usually observed,
for example, in real-world macrodata of a monthly frequency. Those of the CCP
NER, 1.45% and 4.19%, respectively, seem rather small as well. By contrast, the
simulated (short-run) volatility of national trade shares in output appears exag-
gerated even under symmetric standard normal shocks (7.87%), to say nothing
about the excessive swings driven by the three times larger symmetric uniform
shocks (21.96%). More work is, evidently, needed in order to better design and
calibrate the simple NOEM set-up we employed in our theoretical analysis and
trade variability simulation.

One thing is, nevertheless, clear: given the equal preference for Home and
Foreign product brands in the model of intra-industry trade we analyzed, there
may be some role for a peg in eliminating ex-post bias in consumption under float
and, consequently, stabilizing the equilibrium trade-to-output in both countries.
With view to the high trade share volatility resulting from shock distributions
with a (much) weaker dispersion, there is a (significant) trade stabilization po-
tential of a fixed exchange-rate regime under PCP. But rough calculations within
the context of this model have indicated that there is a cost of such stabilization
in terms of some loss (not a big one, it is true) of world consumption relative to
a PCP with float. Since (slightly) reduced real world consumption implies, in
this framework, (slightly) increased world leisure, a deeper welfare analysis of
the set-up we considered requires an explicit specification of the utility function,
which we preferred to keep general for our purposes here, and thus goes beyond
the scope of the present study.

5 Concluding Comments

The objective of this paper was to analyze the implications of alternative price
setting in evaluating the effects of the exchange-rate regime on intra-industry
trade. The recent NOEM modelling approach underlying much related research
has provided a modern toolkit to revisit this classic but still unresolved issue.
To study it within an appropriate framework, we essentially extended Bacchetta
and van Wincoop’s (2000 a) stochastic ”benchmark monetary model” based

shocks, reflecting the influence of the substitutability parameter ¢ > 1.
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on consumer’s currency pricing (CCP) to a producer’s currency pricing (PCP)
version as well.

Our analysis confirmed in a broader context their conclusion that a peg
does not necessarily imply a higher trade share in output relative to a float,
for any of the two identical countries or currency blocs modelled as well as for
the world economy as a whole. With full symmetry, only monetary shocks and
separable but otherwise very general utility, the exchange-rate regime does not
matter for the expected level of trade-to-output ratios across nations, irrespec-
tive of the assumed price setting. This important result was explicitly derived
from microfoundations and formally proved within our purposefully kept simple
analytical framework. We also pointed out that once nominal rigidity is distin-
guished across open-economy invoicing practices, a comparison of exchange-rate
regimes is nevertheless meaningful under PCP, although not CCP, in terms of
volatility of relative prices and, hence, national trade shares. More precisely,
the equilibrium trade share by country becomes volatile across states of nature
under PCP, although it is still constant at 1 for the world as a whole, just like
in the CCP model version. Our simulation has shown that this trade-to-output
variability under PCP, equal for both countries due to symmetry, is much higher
than that of the exchange rate and the underlying money growth shocks, for a
reasonable parametrization. There is, thus, an effect of a peg under PCP, absent
under CCP, in stabilizing across states of nature equilibrium trade-to-output in
each of the economies at its expected level of 1.

We identified the difference in the impact of exchange-rate regimes on na-
tional trade share variability as originating in the currency denomination of
transactions and, hence, the exchange-rate pass-through implied by our alterna-
tive price-setting assumptions. Consequently, the expenditure-switching chan-
nel functions well under (full) PCP but not at all under (full) CCP. We showed,
in particular, that under both CCP and PCP relative real consumption is deter-
mined in equilibrium by the relative money stock, although in a different way,
and that the trade balance is always zero, thus being independent of invoicing
practices given symmetry. We also demonstrated that the optimal split-up of
real consumption between demand for domestic and foreign goods is 50 : 50
under CCP no matter the state of nature, so any kind of monetary expansion
— coordinated under peg or unilateral under float — does not induce bias in
consumption. Under PCP, this optimal split-up depends instead on the rela-
tive money stock in the realized state. Thus, a monetary expansion under float
in one of the countries results in a bias in both countries favoring consump-
tion of the goods produced in the expansionary country. Finally, we proved
that under CCP equilibrium output, employment and, ultimately, leisure (but
not consumption) are always the same across countries, whereas under PCP
they are determined (as well as consumption) by the relative money stock and
are therefore not equal between nations unless in the case of relative monetary
equilibrium.

32



A Optimization Problems and Equilibrium Model
Outcomes

A.1 Households Optimization

As noted in the main text, households optimize only ex-post, under certainty,
and in two dimensions, or rather stages. We now present, in turn, the essential
algebra behind these two stages of their nested optimization problem a la Dixit-
Stiglitz (1977).

Households Labor-Leisure Optimization

Constrained Maximization Problem Having observed the realization
of shocks and subject to the constraints (2), (3), (4) and (5) specified in subsec-
tion 2.1, the representative consumer-household in H first chooses its trade-off
between labor and leisure, maximizing its utility within state s:

]V[clw u(cs,ls), VseS.

The analogous expression for the representative household in F' is

Max  u(ci,l2), VseS.

s ls
* *
ekl

First-Order Conditions The following ”"compact” FONC' can be derived
in a standard way from the above-described constrained optimization problem
for the H representative household:

Ui, s

Ws =

P, Vselb.

Ue,s

For F, the analogous expression is, of course, symmetric:

u*
1,8 %
— Lepr vses.

uc,s

Wy
The equilibrium wages in the realized state of nature are thus determined in
the competitive labor market we model.

Households Consumption Basket Optimization The details of house-
holds consumption basket optimization in each realized state of nature s differ
across our price-setting assumptions, so we present in turn the CCP and the
PCP cases.
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CCP Optimization of Home Households Under CCP, a H household’s

j € [0,1] total real consumption demand is defined by a Dixit-Stiglitz (1977)
aggregator of the following form:

. e
=1

37 () 7 +(%)é(c’ﬁf)%} L wes

Standard representative household’s cost minimization ex-post, i.e. under

certainty for any realized state of nature s, then progressively derives the ex-
pressions reported in the summary tables below.

CCP: H Domestic Absorption (CZSC — ¢§,) and PPI (PF — Pf)
Aggregation

CCP _SuMMARY TABLE 1H
O PE. jel01], ielo,1],

iz) s = [Z (46)~ di] b

Vse S

- 1,8

by indezx definition

(24) PE given (preset in HC by a H firm i) < state-independent
H 0 _ (BT 40 o _ (BONTT ¢
(SHC) czj',s (P_g) cJH,S = Ci,s - Pf(f' CH,S
1
1 =
(4%)  Pf= [ J (Pic)1 ¢ di] defined as the price of a unit of ¢
0
j,C 1 (PN ¥ M? 1 (PS\ Y M,
(#C) ch=i(F) o= (F)
i,C PEN\ TP i PE\ ¥ u
(3affC) dC=3(%) w=E=1() %
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CCP: H Import Demand (c’f*cS — cg,s) and Import Price Index
(PS — Pf) Aggregation

4 CCP SuMMARY TABLE 2H
. PS, jel0,1, *eL2, VseS

2 el 1%T

(1) C7FC; = [f (CZ*CS) 7 di*] by index definition
(28£C)  PE given (presét in HC by a F firm i*) < state-independent
(35C) A= (5) Tas == (%) T4,

_1
(4#0) Pf = ﬁ (Pg)l‘*’ di*} o defined as the price of a unit of ¢,
1

(510) At =1 () "= =1(5F)

(3a11C) A =3 () Hod.=1(F) #

CCP: H CPI (PC) Aggregation

CCP SuMMARY TABLE 3H
ie0,1Juitel,2], VseS

PC

(6c) PO = [H(ER) T+ 1 (EE) ]
1

oty ey [feeroal 4 oo}

CCP Optimization of Foreign Households Under CCP, a F household’s
J7* € (1,2] total real consumption demand is analogously (or symmetrically)
defined by the Dixit-Stiglitz (1977) aggregator:

* ok

e = [(%)v—l* ()" + @ (a;;f)”*’_“] T wes

Standard representative household’s cost minimization under certainty, i.e.
for any realized state of nature s, then progressively derives the expressions
below for Foreign that parallel (or, more precisely, are the mirror image of)
those for Home.
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CCP: F Domestic Absorption (cz*c — Cp, “) and PPI (P> — P:°)
Aggregation

CCP SuMMARY TABLE 1F

o€ P jre[1,2], itel,2], Vses
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- 2 o ert
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CCP: F Import Demand (C‘Z*S — CHS) and Import Price Index
(P — PI’;’C) Aggregation

CCP SuMMARY TABLE 2F
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CCP: F CPI (P*fc) Aggregation

CCP SuMMARY TABLE 3F
JS = [1,2]Ui € [0,1], VseS

(67°C) e = [% (P;"C)l—ap* 1 (ch)l—w*] ——
(6a7C) Pw‘{%ﬁ@?ﬂlwﬁﬂ*%ﬁﬁTﬂlwﬁHT%

PCP Optimization of Home Households Under PCP, a H household’s
Jj € [0,1] total real consumption demand is again defined by a Dixit-Stiglitz
(1977) index of the same form as under CCP but with different resulting do-
mestic and external demands for goods (hence the P superscript indexing for
PCP now in place of the C superscript indexing for CCP earlier) :

e=1

= [ () 0)F ()

Standard representative household’s cost minimization ex-post, i.e. for any
realized state of nature s, derives again the expressions in the summary tables
below that parallel those reported for the CCP model version.

], Vse S

PCP: H Domestic Absorption (ch — cp ) and PPI (PP — Pf)
Aggregation

PCP SuMmMARY TABLE 1H
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PCP: H Import Demand (CZ]PS — cﬁs) and Import Price Index

j
(Pr %
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P{ , — Pf.) Aggregation

PCP SuMMARY TABLE 2H
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PCP: H CPI (PF) Aggregation

PCP SumMARY TABLE 3H
P ie[0,]Jui*e[l,2], VseS

1
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PCP Optimization of Foreign Households Under PCP, a F' household’s
J7* € (1,2] total real consumption demand is defined, analogously to that of a H
household j € [0, 1], by a Dixit-Stiglitz (1977) index of the same form:

oOt—

” 1 i+ p -.“’;_:1 1 i* p -4% oF —
4= |\ BF () T G () o es

Standard representative household’s cost minimization under certainty, i.e.
for any realized state of nature s, then derives the expressions in the summary
tables that follow.

PCP: F Domestic Absorption (cg**,’P — ch) and PPI (P27 — Pp”
Aggregation

PCP SuMMARY TABLE 1F

. roprt jre(1,2], *e[l,2], VseS

3%

£

Y
" N et
(1%) CJF”SP = lf (CZ*SP) it by index definition
1
(25) PP given (preset in FC by a F firm i*) < state-independent
3LP A - AP = ent = PPN P
( F ) i*,s T pl’fgl’ F,s = Cix P;"P CFS

2 1—¢ 1—¢*
(4%) PI’;’P = [ { (Pi’P) di*] defined as the price of a unit of CPE
P

£ *

(SFP) AP 1 PLUNTY ppd” P 1 PLUNTE
F F,s 2\ poP per Fs 2\ prt P P
A W\ ~¢"
F i*P 1 [ Px ]VI:’" «P 1 [ Px M
(3aFP) Cz]‘*,s -2 (p:f) por = Cirs = 2 prr J P
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PCP: F Import Demand (C’Z;’P — c;}i) and Import Price Index

sE .
(PP pof — P;}’}SD) Aggregation
PCP SuUMMARY TABLE 2F
=
i* P S P . .
a, PP Pt jre(l,2], i€l0,1], VseS
L
" Loooonest et
(lg) iy ’SP =1/ (CZ S’P) Todi by index definition
, o \ 7
(25;P) PF given (preset in HC by a H firm i) < state-independent
* *
F i*P _ (PE\T¥ j*.P «P _ (PP\T¥ P
(3HP) C’Z,s - (P_IIII’ CJH,S = Ci,s - P_I{I’ CH,S
17150*
Py 1L/ p A\ P
[ . . . *
(45P) =5 =|/ <—P> di defined as the price of a unit of ¢j;,
Ss 0 Ss ’
~—
=Py =pn)
oy —¢" L\ —¢"
=ri =rp
/-/P\ r-/P\
b " o .
F P 1 S: ML P 1 Se M
(5HP) CH,S ) prr p*r = Cgs = 2 por por
_p*P —¢" _pxP ®"
=P s =P s
=
P P
F P _ 1| _sP M P _1 st M
(3ai; P) s =3 | prr T G T3 | T P

PCP: F CPI (PS*’P) Aggregation

PCP SuMMARY TABLE 3F
PS*fP, i*e[l,2]Uie0,1], VseS§
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A.2 Firms Optimization

Unlike households, firms optimize only ex-ante. The details of their optimization
problem across states of nature differ under our alternative price setting, so we
present in turn the CCP and PCP cases.

CCP
H Producer Firm Optimal Pricing Under CCP, a H firm ¢ € [0,1]

maximizes its expected (real) profit by setting two prices, one in national cur-
rency and the other in foreign currency:

Ueys [ pC C C p#,C xC c.C C #C
Maz By Q55 PO, +8TP Ot —wle, —wEel| b, ses
i 2T

-~
—77C
:HE’S

subject to expected domestic and external (real) demand for its differenti-
ated product 3.

The two FONCs of H representative firm maximization problem under un-
certainty derive, respectively, the two optimal prices it sets at home and abroad:

CCP SuMMARY TABLE 4H
PE, PP ie0,1], jel0,1]uj*ell,2

H C _ pC _ Eo[ue,s WE M,]
(7HC) Pi PH%W]
r ,C _ C Eoluc,s WEM?
(82C) P =Py =5 muoson]

F Producer Firm Optimal Pricing Under CCP, a F firm * € (1,2]
analogously maximizes:
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*
U 1
C x,C C *,C *,C *C C
Mazx FEy %% (P**’ cl+—=Picn , —W>r%c:" —WH"c; >

: *,C 2 1*,s C 1t rt,s s 1*,8 s 1*,8
pPpCpS | P S§

g
. C
=07

by setting two prices and subject to expected domestic and external (real)
demand for its differentiated product i*.

F representative firm mazimization under uncertainty thus symmetrically
derives:

CCP SumMARY TABLE 4F
PYC PS, it e(1,2], jel0,1]uj*ell,2]
r «C _ pxC _ " Eolug 3O M]
(7FC) ‘RL* - PF T oer—1 Eo [ui‘;,sM;‘]

. * %, C
(84C)  PS=Pg =24 Bo[uz s W5 M; ]

Eo|u* % M
S

c,s5 g

PCP

H Producer Firm Optimal Pricing Under PCP, a H firm i € [0,1]
maximizes its expected (real) profit by setting just one, national-currency price:

Hf)s
]V%L:I:Eo |:uc,sfj’_:| , s€S8

i

0

Uc,s P P P _*,P P P P P
MaxEo F"s;T(Pi Fo+ PPt —wheE, —whe! )
i

'g

=117
=105

subject to expected domestic and external (real) demand for its differenti-
ated product 3.

The FONC of H representative firm mazimization problem under uncer-
tainty derives the optimal price in national currency for the domestic market;
LOP then transforms this price into its foreign currency equivalent relevant for
the foreign market:
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PCP SuMMARY TABLE 4H
. 1e€[0,1], jel0,1]uUj*e]l,2]

P P *
(THP) PP =PL =2 Eolue, s WE M, +Folue, s W M|
H i T H T o1 Eolue,s M, T Eo[uc,s M;]
P

PP

PP P,
F *P H * P __ s
(SHP) PH,S_S_P = PS _ﬁ
N N
LOP PPP

F Producer Firm Optimal Pricing Under PCP, a F firm i* € (1,2]
analogously maximizes:

m”
Maz Ey Ui ot |, SES
P i*,s

i

0

.

Ue o
MazEy 5P
prT

*
El

*,P * P * P P P P P P
(PPl + PRlel  —wrbe —w; c)

*
1*,8 »S

=T,
by setting just one, national-currency price and subject to expected domestic
and external (real) demand for its differentiated product i*.

The FONC of F representative firm mazimization problem under uncer-
tainty derives the optimal price in national currency for the domestic market;
LOP then transforms this price into its foreign currency equivalent relevant for
the foreign market:

PCP SuMMARY TABLE 4F
Pt i eL2], jel0,1] Ut €[o,1]

,L'*
(7FP) ptP _ prP _ e Eoluf W37 MI|+Eo[ul Wi M,]
F A

v p*—1 Eolus Mz |+Eo[us ,M,]
H P _ qPpxP P _ QP px,P
(SFP) Pp =85 Pg = P, =5,P;
—_— N— ——
LOP PPP
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A.3 Equilibrium Nominal Exchange Rate

CCP Under CCP, the equilibrium (ex-post) NER solves the foreign exchange
market clearing condition (20). Substituting for optimal G, and ¢} in (20)
as well as for the ideal H and F' CPI definitions further on in the Ialgebraic
manipulation derives (for the full-symmetry case expression, refer to (9CFS) in
the table below):*4

CCP SuMMARY TABLE 5
SC

C H_( liév ) B M
(90) Sy = 11*1( T—o* F;*
14 £
c (1”” ) c
(CFS) PS=Pp°, PE=Py°, o=¢*

(9CFS) = 8¢ = M= £ 1 unless s,

PCP Under PCP, the equilibrium (ex-post) NER solves, analogously to the
CCP case, the foreign exchange market clearing condition (21). Substituting
for optimal cf; , and ¢ in (21) as well as for the ideal H and F CPI defini-
tions further in the algébraic manipulation derives (for the full-symmetry case
expression, refer to (9PFS) in the table below):*3

14 Alternatively, we could have derived the same CCP exchange rate equation by writing
the money market equilibrium condition for one of the countries and then substituting out
optimal demands and using ideal CPI definitions to solve for SSC, as in Bacchetta and van
Wincoop (2000 a, b), e.g. taking Home:

M, =YE = Pc§ , + ST P9

(DAYG (B2)G

This second approach is possible because of the fully symmetric two-country set-up consid-
ered.

15 A gain, we could have derived the same PCP exchange rate equation by writing the money
market equilibrium condition for one of the countries and then substituting out optimal de-
mands and using ideal CPI definitions to solve for Sf , by analogy with Bacchetta and van
Wincoop (2000 b), e.g. taking Home:

M, =YF = Pfich , + Ph e

DAY, B,
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PCP SuMMARY TABLE 5

Sy
1+ PFs =¢
(9P) e vl
(Pfls a M
P _ p*xP P _ p*P *P_PP _
(PFS) Py =Py, Pg, Sy P Pys=5F ¢=¢"
sbpr? I*P 1—¢ #
1— >\ 1—
PI{; _ 1+ SI ¢ ]\/I _ 1+ Si ‘p% (SP)I Y M,
1= JV[* L\ VJV[* (sPy'=¢41 My T M_:
S 1+(S,£D) (Sv!s))lfgp
P
P\¥Y _ M,
< (85)7 =3z
1
(9PFS) = SP = (%&) © %1 unless s,

A.4 Equilibrium Trade Shares

CCP Under CCP and H-F symmetry, the equilibrium trade-to-GDP ratio in
each s is defined for Home as:

C(FD)G,  (Bn)§+(m)g, S PRC e+ P cg,

5. = = ’ PR
(s =2 ™ = Ay (B0, PG 156 P o

and for Foreign as:

FT)RC (Bl + (m)yC 5 G+ o6

(FD5. = o = X T = e
s YF*:S (DA);Z,S =+ (El‘)?,s P;JC . CFj,s + S_lz . ngs

Using optimal domestic and external demands for H and F output and the
ideal H and F' CPI definitions, substitutions under full symmetry derive:
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CCP SumMMARY TABLE 6H
(ft)5;., FS = (ft); FS = (ft)7. FS = (ft)}, FS =1

10HCFS: H relative c c _ 2
< nontraded output price ) () = (ft)y = pS 1T
(7)o
1
10HCFS': Hexpected o 2 -
( relative cash under peg ) [ BowaM) LV € (1,00)
{ Folur»Ms) } +1
N——— ——
=1
10HCFS': Hexpected . 2 .
( relative cash under float > [ Bolw M) LV € (1,00)
{Eo [wr.s M) } +1
—————

=1

and:

CCP SuMMARY TABLE 6F
(ft)5., FS = (f)y FS = (f1)5, FS = (ft)}, FS =1

10FCFS: F relative c c 2 _
( nontraded output price > (Ft)ps = (ft)p = proNITe T
(Fr) o
\—H\/—/
=1
10FCFS: Fexpected > 2
. = T— :1,Vg0€(1,00)
< relative cash under peg Bolup 2] 7
Eoluy M| +
S
=1
10FCFS: Fexpected . 2 _
< relative cash under float > - = =LVp € (1,00)

PCP Under PCP and H-F symmetry, the ex-post trade-to-GDP ratio for
Home is defined as:

EPI{—)’S
———
P P P *, P P *, P
(ft)f[ = (FTIZH,S _ (E‘T)H,S + (Im)I]{D,s _ PI'I.:; ’ CH,S + SS : PF 'ch,s
T Yu.o (DAY + (Br)p, Pl - i+ Pl - ¢

and for Foreign as:
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*, P
PII%

~~
P*,P P P}I; *, P
(op < FDES B0l s Umyy  TF e gp O
e Y;':SP - (DA)?,ISD + (Ex)?lsj B P});YP CFS + P*IP CFS
Using optimal domestic and external demands for H and F output and the
ideal H and F' CPI definitions, substitutions under full symmetry derive
PCP SumMARY TABLE 6H
(ft)g. FS # { }Xm . (unless s¢) but ( s FS = (fthy FS=1, VseS§
. P 2 _
(10PFS. NER) (ft)H,s = W =
(10PFS: relative CPIs) =—2 =
|
10PFS: actual 9 9
. = — = =1,Vp e (1,00
( relative cash under peg ) ()% 11 (1)5‘%“ pe( )
10PFS: actual (f )p . 9 1 (unl )
relative cash under float H,s (2) o 1 const \HESS Se
M*
and:
PCP SuMMARY TABLE 6F
P 1 P
(ft)ps F'S # { const (unless s.) but (ft)y,, F'S = (ft) FS=1 VselS§
D
(1OPFS: NER) (ft)F,s = g;)2v1+1 = (5.5’)12—%;_1 =
sp
(10PF'S: relative CPIs) =T =T 2 =
e ] e
10PFS: actual > S— de _ % —1,Vp € (1,00)
{ const (unless s,)

( relative cash under peg

10PFS: actual
relative cash under float

B Proofs of Propositions
B.1 Proof of Proposition 1 (Relative Consumption)

Proof.
e Under CCP and full symmetry with separable preferences (recall that in
P9 and thus P = P*C), relative real

this case P§ = PS = P5¢
consumption can be expressed as follows
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pC\ % M 1 pC\ ~¢¥ M
C C 1 (&g s 1 (Lr s
¢ st chs 2 (P(') po t 3 Be PC
¢ c}’ercEC; 1 (PR ¥ M 41 PN Y M
’ ’ p*C P*,C 2 P*C P*C
(P_E)‘““ My o
PC PC
=— 7 — —_° _ 68941 unless s. C S;
O\ —P M= s ’
P M s
P*C P*C
e Under PCP and full symmetry with separable preferences (so that P§ =
P ppP _ oPpxP pxP _ Py P _ P «P _ P
PF7PF,S_SSPF7PH,S_S_{;’andthuSPs_Ss<:>Ps —S—i,),

analogous reasoning derives relative real consumption to be:

P pr ¥
1 (fu.) M 41 Prs M,
c? ek + cﬁs 2 \ P P2\ P P}
«P — P P -
Cs

1 (P M, 1 (STPRTNTT
2 \ PP P 2 \7pPr Pr

e\ . /AN .
1| P M 1 sP M3
2\ 7P T2 | BF o7

0

o
0

o

H(%) T s est]
M. |1+ (SP)TT
RiCa el
— (Sf)‘r’*l _ <]]§§>%_1 # 1 unless s, C S.

This completes our proof. m

B.2 Proof of Proposition 2 (Consumption Bias)
Proof.

e Under CCP and full symmetry with separable preferences (P§ = PS =
P;I’C = P}’C and PY = P*Y), the optimal split-up of real consumption
between demand of domestic and foreign goods can be expressed as follows:
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: g
for Home: —5= = 0 =1& cg’s = cg,s for Vs € S,
CF,S 1 EL M,
2 \ PC PC
sMC 1 (PLj) M
_ 7 2 \ P P
for Foreign: *—’é = =" =1l c}’g = czc; for Vs € S.
o L (P M ) ;
H,s 3 (Pil’(') BT

e Under PCP and full symmetry with separable preferences (PII; = P;’P,
r P
PE, = SPPRY, Pi = G and PP = SPPST & PPP = gr), analogous

reasoning derives the optimal split-up of real consumption to be:

P 1 (P—‘}}Z)_w Ve M
H 2 \P P ©
for Home: —5= = e — = (SF)" === #1 unless s, C S,
P
Crs 1 (SEPF’ ) M, M;
2 \TPr PP
wC 1 (BeD)TT M
X CF,S 2 Ps*,p Ps*,p P\ —® M:
for Foreign: = = ( ) =—=#1unless s, CS.
*,C P —p s
cy P M,
H,s =
’ 1 st Mr
2\ pr? prr

This completes our proof. m

B.3 Proof of Proposition 3 (Balanced Trade)
Proof.

o Given full symmetry with separable preferences, the prices for domestic
and foreign output a Home or Foreign consumer faces in its own national
currency under CCP are identical, P§ = P& = P;I’C = P;’C, as com-
mented. Proposition 2 then states that the optimal real consumption
split-up is 50 : 50, for Vs € S in Home as well as in Foreign.*® In other
words, half of the total consumption demand of each of the representative
households is directed to domestically produced brands and half to their
foreign analogues, no matter the state of nature that has materialized (i.e.
for any level of nominal cash available for consumption ex-post in na-
tional currency). Therefore the national-currency value (price multiplied

16Note, however, that ¢§, = G # c}’f = CEC; unless se, according to this same Propo-
; : ) ,
sition 2.
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by quantity) of exports equals the national-currency value of imports for
both countries, so that the equilibrium trade balance is always zero.*

o Given full symmetry with separable preferences again, the prices optimally
preset in the currency of the seller under PCP are prefixed as identical,
Pl = P;’P, as we discussed. It is easy to see then that the state-dependent
domestic-currency price of Home imports, P}; . =S5F P;’P, multiplied by
the imported quantity cﬁs gives exactly the same value as the preset

domestic-currency price of Home exports, P, multiplied by the exported
quantity ¢

P px, P\ —¢ P px, P\ — ¢
PEcE,  sPpofh (o 2% (5tr) st
F,s“F,s s F 2 Rs P SP S!, P S py
I

P P P — — Ms >P -
’ 1 S ] M ; S ] M ;
2 PS*J PS*J PS*J PS*J
PPN v,
p_\pP>" My ST P

M, [ 1\
()T M(?> ]_
pyr T
= SE[(SD)7(SE) ] = sP(sh) T =1 for Vs e

Ex-post prices and quantities thus ezactly compensate each other under
PCP, due to the full symmetry imposed, so that the national-currency
value (quantity multiplied by price) of imports and of exports remains
necessarily the same for each of the two countries no matter the particular
state of nature s € S that has materialized, just like under CCP.

This completes our proof. m

B.4 Proof of Proposition 4 (Relative Leisure)
Proof.

e Under CCP and full symmetry with separable preferences (P§ = PS =
P¢ = P and PO = P*C), relative real output can be expressed as:

¢ o o oxc  L(PEY Y1 (PpO\TY My
ys _ CHys + CHs 5\ PC PC 5\ PO PC

«»C — xC o O\~ o\~
Ys Cps tCps 1 (B My o1 (B M,
P+ 0 P*,C 2 PC PC

N —¢
L(5) T n )
= — zlﬁyfzy:’c for Vs € S.
(He) w0+ M)

17Yet this latter conclusion does not mean that total real consumptions are equal in Home
and Foreign, which will also be true only in some se as we saw in Proposition 1.
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Consequently:

C C 1—lC lC
Yoo = D o s 1o 21010 =1 for Vs e S.
ya no 1-15 s

e Under PCP and full symmetry with separable preferences (Pj = P;’P,
P P
Pf, = sEpat P;}’f: = —U-I;P and PF = SPprP < prb = —S—I;P ), analogous

reasoning derives relative real output to be:

op L(EE) 7M1 (P M
yP _cheten, 2\BT) P T2A\RrT ) RIT
P — %P - P\ —P P o\ ¢ =
Ys CFotehs 1 (PRUNTY M1 (PR My

2\pr7) mr TP B

s

—¢
1 Bt My o1 (SPPRTNTY A
2 rp pP 2 PP PP

T
PS

§(FF) A (0 +sP)

L () " A [(sr)mo se 4 (sE)0 0
o (]\/[s + S.fj\/[s*) _ (SP)Q _
[SPMg M) (SEYT T

1
M\ ¢
()
Hence:

b P 112 M -
y*SP — TisP = £ = = (SF) ¥ £ 1 unless s, C S =
Ys’ ns’ 1-10s M

@
M,

E

# 1 unless s, C S.

C

l
= l’:c #1109 £1° unless s, C S.

This completes our proof. m

o1



B.5 Proof of Proposition 5 (Impact of Monetary Expan-
sion)

Proof. To evaluate and compare ex-post utility across countries following a

relative monetary expansion under float, we need to take account of the simul-

taneous effects on relative real consumption and relative leisure. Assume at this
point that a higher positive (or a lower negative) money growth has occurred

. . . M
in Home in a given state sy € Sy C S, so that 34 > 1.48

s
*
SH

e Under CCP and full symmetry with separable preferences, we then obtain
(&)

directly from Proposition 1 that zf 1z > 1 ¢

*,C _
5 sy > Cs)y » S0 the Home rep
resentative household consumes more than the Foreign one in this state of
nature. From Proposition 4 we also know that relative leisure is indepen-
C

_ %,C
=137

1€ .
dent, under CCP, from money stocks, so =% =1 < 1< Taking

E]

account of both utility index components, namely real consumption and
leisure hours, we can conclude that the relative monetary expansion has
tilted relative exz-post utility in favor of the expansionary country.

e Under PCP and full symmetry with separable preferences, we obtain —
e

. o). C
again from Proposition 1 — that =4 > 1 < cfH
Csp
resentative household consumes again more than the Foreign one. From
11, M, Ls
L =358 > 1,80 ot < 1,
s

> c:f , so the Home rep-

Proposition 4 we can see that, under PCP,

1—r ~ — M:

SH SH H
with 0 <[, <Ii, <1. We now have to know whether the relative gain
in real consumption in the expansionary economy is higher or lower than
the relative loss in leisure. This type of calculation depends qualitatively

on the magnitude of the relative monetary disequilibrium, %U— > 1, and
SH

quantitatively on the degree of substitutability in consumption, ¢ > 1.
For our purposes here, we abstract from unrealistic relative monetary dis-
equilibria?’ and focus on cases that are consistent with our sticky-price
set-up. It turns out that under PCP the gain of the Home representa-
tive household in consumption relative to the Foreign one is lower than
its simultaneous relative loss in leisure, when consumption and leisure are
separable and equally valued, as we assume for our purposes here.’’ Under
PCP, therefore, Home residents are worse-off than Foreign ones in cross-
country utility terms, following a Home relative monetary expansion. Let
us take as an illustrative example the (realistic) case where p = 4% and

180Of course, we would arrive at the same conclusions if we start from a symmetric state

of the world characterized by a Foreign relative monetary expansion sp € Sgp C S, so that
Ms .
WL < 1.

H
’1dAlthough we have computed such as well, to numerically verify that they do not change
our conclusions.
50 And starting from an initial symmetric equilibrium with 8 hours of labor and 8 hours of
1

leisure (and 8 hours of sleep), so that ng = ng = lo = I = 5 if our time endowment (less the

optimum of sleep) is normalized to 1, as in (2) (and as usual).
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ws,, = 2% so that %‘L = % = 1.0196 > 1. Furthermore, consider (as
SH

being close to reality) a monopolistic markup of 10%, and thus a corre-
sponding parameter value of ¢ = 11. Using our model to perform such a
calculation,®’ we find that the Home representative household consumes
1.0178 times (41.78 percentage points) more than the Foreign one but
also works 1.0200 times more and so has TIQOO = 0.9804 times (—1.96
percentage points) less leisure. Note, however, that given our choice of
parameter values above (or parameter regions, more generally) consid-
ered as realistic given nominal rigidity, the magnitude of relative utility
effects measured by the reported difference in terms of percentage points
(+1.78 — 1.96 = —0.18) appears somewhat small to be easily perceptible,
and motivating indeed, in the optimizing behavior of the rational agents we
model. Another observation to make here is that a lower substitutabil-
ity exacerbates the gap between the relative consumption gain and the
relative leisure loss while a higher substitutability, by contrast, reduces
it.>> In the limit, when ¢ — oo and competition is perfect, one could
infer form our numerical examples that the gain in relative consumption
following a domestic monetary expansion under float and PCP will be ez-
actly offset by the loss in relative leisure, in percentage terms, and ex-post
cross-country utility will remain unchanged. Thus PCP, and hence PPP,
with perfect competition would act as a risk-sharing device between the
two nations we model, a finding that has been pointed out in other NOEM
papers as well.

This completes our proof. m

B.6 Proof of Proposition 6 (World Trade Share)
Proof.

e Under CCP, Home nominal trade is always equal to Home nominal output
so that the Home trade share in output is constant at 1, irrespective of
the state of nature that has materialized. The same is true for Foreign,
and as a consequence (ft)3¢ =1 = (ft)§ so that 1 (ft)5+3 (F1)p° =1,
for Vs € S.

e Under PCP, by contrast, both these trade-to-output ratios are stochastic
and generally not equal to each other and to 1: 1 # (ft)fl < F (ft)}l: #1
unless s, C S. However due to symmetry, the Home and Foreignjtrade
shares in GDP are complementary in the sense that in any state of nature
s € S they sum to 2:

51The details are available upon request.

5¢ . . . .

52The details of the similar computations we performed with ¢ = 2 and ¢ = 101 (as well as
with other values for the relative monetary disequilibrium) are also available upon request.
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Thus, (equally-weighted) world trade equals world output in any state of
nature s € S:

=2

1 1 #
5 (ft)g}s + 5 (ft)F’II: =1, for Vs € S.

This completes our proof. m

B.7 Proof of Proposition 7 (Expected Trade Share)

Proof. Let us begin by looking closer at the specification of the joint shock
process which determines the model equilibrium in each realized state of na-
ture s € S. As clarified in section 2, we have postulated symmetric monetary
uncertainty under float as well as under peg.

To visualize this symmetry of money-growth stock disturbances in the sim-
plest way, one could employ the bivariate uniform distribution plotted in Figure
6. This latter figure makes evident two essential points, within the context of
the uniform distribution illustrated. First, monetary uncertainty is not elimi-
nated by a fixed exchange-rate regime: it is only reduced from a plane to a line,
i.e. to points where the stochastic growth rate of money is the same in both
countries in each state of nature (u, = pi for Vs € ), by the very definition
of a peg. Second, money shock symmetry is with respect to the origin along
the peg-line and with respect to the peg-line itself within the whole state-space
plane.

The particular symmetric bivariate uniform distribution illustrated in Figure
6 has 81 = 9 x 9 possible states of nature under float and just 9 = /81 = (81)%
under peg. We shall now prove the present proposition for the general case of
any such symmetric bivariate distribution, i.e. not only for 81 states and not
only for bivariate distribution. It is logical to proceed in our proof from the
simplest and most restrictive case to the more general ones. We therefore start
by considering the case of 9 = 3 x 3 equally probable states of nature in the
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Figure 6: Symmetric Bivariate Uniform Distribution of Money Shocks

illustrated bivariate symmetric uniform distribution, that is, by the nine closest
points around the origin in the scheme. Let us introduce the following notation,

. . . relative monetary
Foreign relative monetary  H's equilibrium (s, or peg line)
expansion (s: float triangle)

00O

0 OO
0 OO
0 OO

o o
o o
[e}Ne)
o oo

Home relative monetary
expansion (s, float triangle)

corresponding to these 9 ”core” states in Figure 6:

with s9o corresponding to the center of gravity of this distribution, i.e. to

S11 S12 513
§21 522 523
831 832 533

the (0,0) point in the scheme.

Using the Home PCP trade share formula (33) derived earlier and our result
in Proposition 6, we now express analytically the expected Home trade-to-output
under PCP and float for this simplest case of 9 = 3 x 3 states of nature in the

symmetric bivariate uniform distribution considered here:
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We have thus obtained that the ezpected Home PCP trade share in output
is the same as under peg (with PCP as well as CCP) or under CCP (with float
as well as peg).

Analogously, using the Foreign PCP trade share formula (35) derived earlier
and our result in Proposition 6, we express in turn the expected Foreign trade-
to-output under PCP and float:

Eo |:(ft)§,s:| ~ éz(sspf#_wﬂ =
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T9(sh) T 41 "9 (s5)%+1 9 (s;;)l‘uf
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1,1, 1, 1
= 24 24 224 (14141 =
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1
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= %9 =1=const, VseS.

We have thus established that the expected Foreign PCP trade share in
output is the same as under peg (with PCP as well as CCP) or under CCP
(with float as well as peg) and is, furthermore, identical to that of Home.

From the logic of this proof for the simplest case of a jointly symmetric dis-
tribution of (money) shocks it follows directly that for any uniform distribution
with (much) more possible states of the same class, i.e. for 25 = 5 x 5 equally
probable symmetric states of nature, for 49 = 7 x 7 states, for 81 =9 x 9 states
(as in Figure 6), and so on, that is, generally for any symmetric bivariate uni-
form distribution centered around 0 of the class (2n+1)? = (2n+1) x (2n+1)
forn =1,2,...,N,..., where (2n+1)? is the relevant state-space, expected trade-
to-output is always constant at 1. This result for bivariate uniforms naturally
generalizes to any bivariate distribution centered around 0 once the assumption
of equally probable states of nature is relaxed, provided that the distribution
remains symmetric in the sense that the respective pairs of symmetric states
remain equally probable.

This completes our proof. m
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