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Introduction

It is commonly held that trade flows are enhanced if a country switches from
a floating to a fixed exchange rate regime. This is one of the main moti-
vations for exchange rate stabilization in regional trade blocks, such as the
European Union. The argument is that exchange rate volatility increases the
risk of buying and selling in foreign countries. While this explanation based
on risk aversion has intuitive appeal, its validity needs to be examined in a
consistent framework. In particular, one must consider the overall macro-
economic uncertainty faced by firms and households and how this is
affected by the choice of exchange rate system. In this paper, we will do so
within the context of a simple two-country general-equilibrium set-up, since
it is not sufficient to analyze single individual firms or consumers to
understand aggregate trade.

Most international macroeconomics models are not suited to analyzing these
issues. For example, in the standard models of the Mundell-Fleming type,
the impact of exchange rate risk cannot be analyzed, since the aggregate
behavioural equations are ad hoc, and individual decisions are not modelled.
There is also a literature that examines individual firms facing exogenous
exchange rate fluctuations. But this partial-equilibrium approach is inad-
equate, since it does not consider the overall macroeconomic risks that affect
firms and households and that also affect the exchange rate itself.1

1. See Côté (1994) for a review of the literature.
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The extent to which exchange rate fluctuations affect firms depends cru-
cially on their pricing strategy. When exporters set prices in their home
currency, they are not directly affected by the nominal exchange rate
through the price received for their goods. We will call this case PCP
(producer currency pricing). Nevertheless, this strategy is not widely used in
practice. It would imply that prices in local currency move one-to-one with
the nominal exchange rate (i.e., that the law of one price holds). Most
empirical evidence shows that the pass-through from exchange rate to prices
is gradual and incomplete (see, for example, Goldberg and Knetter 1997, for
a survey) so that purchasing-power parity (PPP) and the law of one price do
not hold. An explanation for this evidence is that exporters can discriminate
across markets and prices in local currency, i.e., they adopt a strategy of
pricing to market (PTM).2 Although the pricing strategy is a microeconomic
decision, it has substantial macroeconomic implications. We examine how
the pricing strategy affects the link between trade and the exchange rate
regime. We will also investigate the optimality of the two pricing strategies
(PCP and PTM) within the context of the model.

We consider the impact of macroeconomic risks on uncertainty about labour
costs and demand that firms face, and how this is affected by the choice of
exchange rate system. A partial-equilibrium approach, whereby the impact
of exchange rate risk is considered in isolation, is useful only if the nominal
exchange rate is uncorrelated with macroeconomic shocks, such as mone-
tary, fiscal, and productivity shocks. Although exchange rates are highly
volatile and seemingly unrelated to fundamental variables in the very short
run, empirical evidence shows significant correlations between exchange
rates and fundamentals in the medium run. Thus, we take the view that
fundamental macroeconomic shocks affect demand and labour costs that
firms face both through their impact on the exchange rate and through other
channels. Therefore, instead of investigating the impact of the exchange rate
per se, we study the impact of the exchange rate regime on the certainty
equivalent of firm profits. The exchange rate regime matters to the extent
that it affects the impact of macroeconomic shocks (monetary, fiscal, and
productivity) on demand and costs faced by firms.

Trade will be lower under a flexible exchange rate regime only if switching
to such a regime reduces the certainty equivalent of profits when exporting
to foreign markets relative to selling in the home market. This is not
necessarily the case, and the opposite may be true, e.g., selling in the foreign
market can provide more risk diversification than selling in the home
market.

2. In theory, exporters could price to market in their own currency. We do not consider this
case here and assume that pricing to market is always done in local currency.
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In this paper, we rely on developments in the New Open Economy Macro-
economics literature, characterized by general-equilibrium models with
optimizing firms and consumers, combined with price rigidities.3 More
specifically, we present a model based on Bacchetta and van Wincoop
(2000). In this framework, exporting firms need to set prices before
macroeconomic risks are resolved. If firms find it very risky to sell in foreign
markets, they will include a risk premium and charge a higher price that will
discourage foreign consumers and thus reduce trade. On the other hand, if
selling in foreign markets under a flexible exchange rate provides risk
diversification, exporters will set a lower price so that trade is larger.4

While the Bacchetta-van Wincoop (2000) framework makes several strongly
simplified assumptions, it provides a tractable framework in which quite
general results can be derived. In particular, we can draw the following
conclusions:

• The pricing strategy (PCP versus PTM) matters for the sensitivity of
trade to the exchange rate regime.

• Trade is more likely to be affected under PTM. The impact of the
exchange regime, however, is ambiguous because of general-equilibrium
mechanisms.

• The existence of asset markets—such as forward markets or even
complete markets—does not eliminate the sensitivity of trade to the
exchange rate under PTM, although it may reduce it.

• In the absence of international asset trade, all firms choose the PTM
pricing strategy.

• As international financial markets become more integrated, more firms
adopt the PCP pricing strategy.

The rest of the paper is organized as follows. In the next section, we present
the basic intuition behind the link between pricing and trade flows, as well
as the pricing decision under PTM. In section 2, we briefly describe how
general-equilibrium considerations affect the relationship between trade and
the exchange rate regime. In section 3, we determine the optimal pricing

3. This growing literature started with Obstfeld and Rogoff (1995), who assume PCP and
no uncertainty. Betts and Devereux (1996, 2000) extend it to PTM, while Obstfeld and
Rogoff (1998) and Bacchetta and van Wincoop (2000) introduce uncertainty under PCP
and PTM, respectively. This literature typically does not look at trade flows.
4. We abstract from transportation costs. While they affect the level of trade, they do not
have a significant impact on the sensitivity of trade to the exchange rate regime in a sym-
metric model like ours. See Sercu and Uppal (2000) for a general-equilibrium model where
these costs matter.
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strategy, i.e., under what conditions PTM or PCP are equilibria when firms
can choose their strategy. The final section offers concluding remarks.

1 Preliminary Concepts

Before describing the full structure of the general-equilibrium model, we
present two basic ingredients of the analysis at a more intuitive level. We
first look at the link between the pricing strategy and trade and then examine
the price-setting criteria for firms.

1.1 Trade flows and the role of prices

We take an aggregate perspective on trade. Assume that there are only two
countries (home and foreign) and that domestic goods are different from
foreign goods. A standard measure of total trade is the sum of exports and
imports divided by GDP. For convenience, in this section we consider only
imports and assume that the nominal value of imports,IM, is given by:

, (1)

where is the price of imported (domestic) goods in the home
country, andP is the home consumer price index. Figure 1 illustrates our
notation for the pricing of goods. Since consumers purchase both domestic
and foreign goods,P is a function of both goods prices. Thus, we can write

, which is homogeneous of degree one in both prices. Moreover,
is a function that depends negatively on the relative price between

imported and domestic goods, andY is nominal GDP, which is assumed
equal in equilibrium to nominal income. Trade can thus be measured by:

. (2)

The impact of exchange rate fluctuations depends on the pricing strategy and
more generally on the degree of pass-through of the exchange rate to prices.
Two extreme cases can be considered. First, assume that foreign exporters
set the price, , in the domestic currency of the importing country and that
they can price discriminate across national borders, i.e., that we have PTM
in local currency for all goods. In that case, domestic importers are not
directly affected by exchange rate movements. The only way exchange rate
volatility can affect trade is through the pricing of goods, i.e., the differences
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Figure 1
Notation for the pricing of goods
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between and . The higher the price charged in the foreign market
relative to the home market (higher ), the lower the level of trade.5

The second extreme case occurs when all imports are priced in the ex-
porters’ currency and when exporters cannot discriminate between the
domestic and the foreign market. This is the PCP case, where ,
with Sbeing the nominal exchange rate (domestic per foreign currency) and

the pre-set price in the foreign market in foreign currency (which
implies that, in this case,  fluctuates withS). Trade can be written as:

. (3)

In this case, we first see that trade fluctuates with the exchange rate;
therefore, we must consider a measure of average or expected trade. Second,
when countries are fully symmetric so that the prices of goods in domestic
markets (home and foreign) are equal, i.e., , the trade level
depends only on the exchange rate. The level at which firms set prices is
irrelevant. In a symmetric set-up, whereS and 1/S have the same
distribution, it is easily verified that the expected level of trade is inde-
pendent of exchange rate volatility. The intuition is the following: a currency
appreciation makes foreign goods cheaper, while a depreciation makes
domestic goods cheaper. If both goods matter in a similar way to consumers,
the effect will be symmetric, and an increase in the variance of the nominal
exchange rate will not affect expected trade. This contrasts with the PTM
case, where the level of trade can differ across exchange rate systems,
depending on the effect of the exchange rate regime on . The
pricing strategy, therefore, affects the sensitivity of trade to the exchange
rate system. In most of the paper, we will focus on the PTM case, since the
effect of the exchange rate system on trade is non-trivial and depends on the
level at which firms pre-set prices in the home and foreign markets.

An important dimension to consider is the presence of asset markets and the
extent to which exporters and importers can hedge the exchange rate risk. It
is obvious that if the exchange rate is the only source of risk and a forward
market exists, agents in symmetric countries can fully hedge their exposure.
In other situations, however, it may not be desirable or feasible to fully
hedge exchange rate risk. In section 2, we examine the behaviour of

5. For the price ratio, , to have the expected negative result on imports, the real
demand for imports must be sufficiently price-elastic, in a way similar to the Marshall-
Lerner condition.
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producers and consumers in a general-equilibrium framework when no
international asset market is available, and we go on to discuss the impact of
international asset trade. Before we consider the full model, however, we
describe in general terms what determines the degree of pricing dis-
crimination of exporters under PTM.

1.2 Optimal price setting

A critical channel for the impact of the exchange rate regime is the
behaviour of firms—in particular, their optimal price setting. To gain
intuition, we examine optimum price setting by a single firm that prices in
the currency of its customers. We also relate our analysis to previous
literature.

Consider a firm that sets prices in advance and is thus able to discriminate
between the domestic, , and the foreign price, , in foreign currency.
Markets are segmented; consumers cannot arbitrage price differentials. The
foreign price expressed in domestic currency is . The firm faces real
demands and at home and abroad, where
and represent aggregate factors affecting consumption demand. For
convenience, assume that the demand functions have the same constant price
elasticity, , and that . Finally, the firm has a linear production
function, using quantity of labour per unit of output, independently of
whether it is sold at home or abroad. It pays a nominal wage rate,w. Profits
are simply:

. (4)

Without uncertainty, the optimal price rule with a constant markup is well-
known:

. (5)

If S is normalized to 1, it is obvious that .

Giovannini (1988) introduces exchange rate uncertainty in this framework
and assumes that the firm maximizes expected profits. The exchange rate is
the only element of uncertainty facing the firm. In this case, the optimal
domestic price is still given by (5), and the foreign price is:

. (6)
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Exchange rate uncertainty has no impact on prices. Only its expected value
matters. There is no ex ante price discrimination: . A crucial
assumption for this result is risk neutrality, since firms care only about ex-
pected profits.

If firms are risk-averse, exchange rate uncertainty matters and would lead to
a price that is higher in the foreign market, as first shown by Baron (1976).
This reduces the level of trade.6 However, many authors have shown that
trade remains unaffected by exchange rate risk when firms have access to a
forward market and when the forward discount is zero.7 In that case,
equation (6) still holds.

An important hypothesis underlying all of these papers is that the exchange
rate is the only source of uncertainty.8 However, firms typically face other
sources of risk that are potentially correlated with exchange rate fluctu-
ations. If we take the view that exchange rate changes are related to
fundamentals, then the same variables that drive fluctuations in the exchange
rate are also responsible for uncertainty about the wage rate,w, the
aggregate demand factors,x and , and the technology parameter,a. Thus,
to understand the implications of different exchange rate regimes for price
setting and trade flows, we need to compare the overall macroeconomic
risks faced by firms under different monetary systems.

In a general-equilibrium setting, the firm maximizes the market value of
profits, , whereq represents the pricing kernel, which is the value
that firms’ owners attach to marginal revenue in different states of the
world.9 The pricing kernel is proportional to the marginal utility of
consumption of the firm’s owners, which we denote as . This implies that
the firm will be risk-averse when setting prices. When all macroeconomic
variables are stochastic, optimal prices are:

, (7)

6. Hooper and Kohlhagen (1978) consider a somewhat different set-up, with both im-
porters and exporters bearing part of the exchange rate risk. When exporters bear most of
the risk, exchange rate uncertainty raises the export price and reduces trade. When
importers bear most of the risk, exchange rate uncertainty reduces import demand (and
therefore trade) and lowers the import price. In general, the price effect is ambiguous, but
the trade effect is unambiguously negative.
7. See Ethier (1973), Baron (1976), Viaene and de Vries (1992), and Feenstra and Kendall
(1991).
8. Adam-Müller (1997) includes both revenue and exchange rate uncertainty.
9. The pricing kernel corresponds to the price of state-contingent claims if they are traded
(which is not required for the pricing kernel to exist).
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. (8)

Prices are still equal to a standard markup over unit cost.10 The latter is now
written as the certainty equivalent of total labour cost, divided by the cer-
tainty equivalent of sales. Equations (7) and (8) show that ex ante price
discrimination can go in either direction, depending on the nature of the
uncertainty. In the following sections, we develop a full model that deter-
mines the behaviour of the variables in equations (7) and (8).

Introducing a forward market does not change the optimum price equations
(7) and (8). When firms take a hedge position of quantityb, we have to add
the net profit, , to equation (4), whereF is the forward rate. This
additive term does not affect pricing rules, but it does affect the stochastic
properties ofc, , S, andw (thus, the equilibrium prices do change). The
case is the same when adding other internationally traded securities. This
again shows that a general-equilibrium approach is unavoidable.

2 A General-Equilibrium Model

In this section, we describe—without presenting the technical details—a
general-equilibrium model based on Bacchetta and van Wincoop (2000),
when no asset markets are available. We outline the main insights that can
be drawn from such a context. The main ingredients of the model are:

• There are two countries. The economic structure and the distribution of
shocks are fully symmetric, while shock realizations usually differ
across countries. Both productivity and monetary shocks occur.

• There is monopolistic competition, à la Dixit-Stiglitz. Consumers in
each country value both domestically and foreign-produced goods. Thus,
there is two-way trade.

• It is a monetary model, with money introduced through a cash-in-
advance constraint. The equilibrium nominal exchange rate,S, depends
on the ratio of money supplies,M and , which have a jointly
symmetric distribution. When money supplies are perfectly correlated,
the exchange rate is fixed.

• Individuals consume and supply labour. They maximize expected utility,
, wherec is total consumption, andl is leisure.

10. These equations are similar to those found in dynamic general-equilibrium models
with PTM; see Betts and Devereux (2000); Chari, Kehoe, and McGrattan (2000); and
Kollmann (1997).
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• Producers set prices before knowing the realization shocks. The amount
sold is determined by demand. Each good is produced with one unit of
labour. The wage rate is flexible, so that the labour market is always in
equilibrium.

• Producers have two potential pricing strategies: PCP or PTM. It is only
with this second strategy that exchange rate risk can have a direct effect
on trade.

Figure 1 shows the basic structure of the general-equilibrium model, ab-
stracting from the monetary sector. Domestic firms are held exclusively by
domestic consumers and hire exclusively domestic workers. The only
international interaction is the sale of goods in foreign markets.

Given the monopolistic competition assumption, we show that the various
demands relevant for the home country are (for a single good,i):

domestic demand ,

exports ,

imports , (9)

where is the elasticity of substitution between goods. When we define
trade as the sum of exports plus imports, divided by GDP, it can be shown
that:

,(10)

where we use the fact that, in equilibrium, quantities are the same for all
firms.11 As illustrated in section 1, the measure of trade can be fully
determined by relative prices. Equation (10) is even simpler than equation
(2), given the model’s assumptions, in particular for symmetry. In the PTM
case, firms set directly and , so that one needs to look at the optimal
pricing decision. When , our trade measure is equal to one (given
symmetry, the same quantity of foreign and domestic goods is consumed).

11. Trade under PCP is analyzed by Bacchetta and van Wincoop (1998).
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In the PCP case, we have and by symmetry, . Thus,
for PCP, equation (10) can be written as:

, (11)

which is simpler than equation (3). It is easy to show that expected trade
is not affected by volatility when the exchange rate depends on the ratio of
M and , which have a jointly symmetric distribution.

Let us now examine the pricing-discrimination decision under PTM. In this
case, Bacchetta and van Wincoop (2000) show that the nominal exchange
rate is simply given by . Since prices are pre-set in local
currency, PPP does usually not hold ex post; i.e., .

As explained in section 1.2, domestic firmi sets prices and to
maximize the market value of profits, ; quantities in each market
are given by equation (9). In the benchmark model considered by Bacchetta
and van Wincoop (2000), the certainty equivalent of sales is the same when
selling in the home market as when selling in the foreign market. More
precisely, domestic sales are proportional to the domestic money supply, ,
while the value of foreign sales is proportional to . Since ,
these are equal. One might have expected that the exporter faces a loss in the
foreign market when the foreign currency depreciates (Sdrops). But this is
offset by higher demand from abroad if the foreign currency depreciation is
the result of a foreign monetary expansion (M* rises). If the depreciation is
the result of a domestic monetary contraction, revenue from sales drops the
same in the home market as it does in the foreign market; therefore, in a
relative sense, there is again no loss from selling in the foreign market.

Consequently, it is only the difference in the certainty equivalent of costs
that matters. The price ratio is then given by:

, (12)

using the fact that in the symmetric equilibrium. With a fixed
exchange rate, , and the price ratio is equal to one (hence, the trade
measure is equal to one). When the exchange rate is flexible, we show that
the price ratio can be either larger or smaller than one so that trade can be
either larger or smaller.

Trade will be lower in a flexible exchange rate regime when selling in the
foreign market brings less risk diversification than does selling in the
domestic market. This is the case, for example, when:
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• Money supply is positively correlated with productivity shocks,a (e.g.,
to stabilize employment). The certainty equivalent of labour costs is then
lower in the domestic market, since  is less variable than .

• Consumption and leisure are substitutes in the utility of consumers. The
wage rate is more correlated with domestic demand shocks than with
foreign demand shocks, which makes the total wage bill more volatile in
the home market and by itself makes the foreign market more attractive,
leading to higher trade under a float. On the other hand, under domestic
demand shocks the wage bill is high when firms can afford to pay it
(more formally, is low). When selling in the foreign market, it is
possible that the wage bill is high when firms’ revenues are low. This
occurs when there is a domestic monetary contraction combined with a
foreign monetary expansion. This leads to lower trade under a float.
When consumption and leisure are substitutes, the wage rate is less pro-
cyclical, weakening the first channel and leading to lower trade under a
float.

Bacchetta and van Wincoop (2000) also present conditions under which
trade is unaffected by the exchange rate regime. This is the case when utility
is separable between consumption and leisure, and monetary and produc-
tivity shocks are independent. In that case, the certainty equivalent of costs
is the same whether producers sell at home or abroad.

Finally, Bacchetta and van Wincoop (2000) show that the direction in which
the exchange rate system affects trade remains the same when we introduce
international asset trade. Although international asset trade, even the
extreme of complete Arrow-Debreu markets, can reduce the magnitude by
which the exchange rate regime affects trade, it cannot eliminate the impact
of the exchange rate regime on trade. Intuitively, this is the case because
international financial markets cannot eliminate the difference between
foreign demand and domestic demand as a function of the underlying
shocks. Under complete financial markets, for example, the ratio of marginal
utilities from domestic and foreign consumption is equal to the real
exchange rate, which varies, one for one, with the nominal exchange rate.

3 But What Is the Optimal Pricing Strategy?

The pricing strategy adopted by firms has important macroeconomic impli-
cations. We have already seen that the impact of exchange rate volatility on
trade depends on the two pricing strategies considered, PCP and PTM. The
model also implies more exchange rate volatility under PTM pricing than

M a⁄ M* a⁄

uc
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under PCP pricing.12 With PTM pricing, the exchange rate is ,
while in the PCP case, we have:

.

Finally, Devereux and Engel (2000) show that the pricing strategy (PCP
versus PTM) plays a key role in determining the optimality of different
exchange rate systems.

Now, which of these two pricing strategies is more empirically relevant? The
shortcoming of PCP is that it implies a constant real exchange rate. It has
been well documented that real exchange rates are very volatile and highly
correlated with nominal exchange rates. For identical traded goods, the law
of one price is grossly violated, and relative prices are closely correlated
with the nominal exchange rate (see Engel 1993). This fits very well with
the implications of PTM pricing. The exchange rate pass-through literature
is insightful, as well. Under PCP, there is full exchange rate pass-through to
import prices, while under PTM, there is no pass-through. The empirical
evidence, reviewed in Goldberg and Knetter (1997), suggests that pass-
through from exchange rates to prices, while varying across countries and
industries, is, on average, no more than 50 per cent. The evidence in Engel
(1999) suggests that at the level of consumer prices, there is almost no pass-
through at all. At the consumer level, relative non-tradable prices across
countries behave very much the same as do relative tradable prices.

Although it seems that the PTM assumption is more appropriate, an im-
portant question is whether this pricing strategy is consistent with the
underlying microeconomic model used. In the New Open Economy Macro-
economics literature, this question is never asked, and the pricing strategy is
assumed, a priori. The PCP strategy can be justified if price differences
between foreign and domestic goods can be arbitraged at no cost. But
arbitrage is often very costly, and even impossible when firms have
exclusive product distribution rights in different countries. The pricing
decision, therefore, is one that needs to be made by the firm. The question is
whether exporters prefer PTM or PCP. We need to determine, within the
context of the model, whether either of these pricing strategies is an
equilibrium. For example, if all exporters apply PTM, is it optimal for a
marginal firm to do the same? Mixed strategies, whereby some firms choose
PTM while others choose PCP, may also be an equilibrium. It is important to
address these questions both for internal consistency reasons in the context
of the models used and for understanding what determines the optimal

12. Betts and Devereux (1996) make the same point.
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pricing strategy under different conditions. Our current research (Bacchetta
and van Wincoop 2001) examines these issues, and we report on some of the
results.

Consider an individual firm,i, in the environment described in section 2,
where all other firms choose PTM. Firmi will compare the market value of
its profits under both PTM and PCP strategies.13 If PTM gives higher profits,
there is no incentive to deviate from that equilibrium, thus PTM is a pricing
strategy that is consistent with firms’ optimal behaviour. Is there an incen-
tive for an individual firm to deviate from PTM? Let us focus only on
exports and remember that the certainty equivalent of profits is equal to the
certainty equivalent of sales minus costs. On the cost side, firms prefer PTM,
since it results in fewer variable quantities and therefore lower labour costs.
The reason is mainly that foreign consumer demand under PTM is not
directly affected by the nominal exchange rate. Therefore, there might be a
deviation from PTM only if the certainty equivalent of sales can be higher
under PCP. Under PTM, the certainty equivalent of firmi’s exports  is:

, (13)

while under PCP they are:

, (14)

where ~ denotes variables under PCP and where we use the fact that under
PCP there is a single price for home producers, . Under PCP,
export sales are more sensitive to the exchange rate, since depends
directly on S, and the price elasticity, , is larger than one. The higher
variability of sales under PCP can, however, be compensated by the fact that
the marginal valuation factor, , may fluctuate inversely to the nominal
exchange rate. Intuitively, whenM drops and the marginal utility from
domestic consumption is high, the revenue from exports is high under PCP,
because the currency depreciation increases foreign demand—which makes
the PCP strategy more attractive. Thus, there are cases where a firm will
deviate from the PTM strategy, because PCP provides a better risk diversi-
fication. In general, however, it is not clear when firms would deviate from

13. In general, other pricing strategies are feasible, such as PTM in producers’ currency,
but we do not address these strategies here.
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PTM and PCP pricing. This depends, in particular, on and on the
concavity of the utility function with respect to consumption.

Similar reasoning can be conducted when all the other firms use PCP. In this
case, it is also possible to show that the optimal pricing behaviour is am-
biguous and depends on the parameters. An interesting question is whether
there are circumstances (i.e., parameter values) where neither PCP nor PTM
is an equilibrium. In this case, a solution to the optimal pricing strategy is to
have a proportion of firms applying PTM, while others apply PCP. Whether
such cases exist cannot be determined analytically, and numerical simu-
lations must be used.

Another important issue is the role of asset markets. Since the optimal
pricing strategy is influenced by risk-diversification considerations, different
asset-market structures may influence the pricing strategy. Here again, the
issue is complex, and no analytical results are yet available. Consequently,
we will need to use simulations.

To obtain more specific results, we focus on a constant elasticity of substi-
tution (CES) utility function:

, (15)

where is a CES index with the elasticity of substitution between
consumption and leisure. Consumption and leisure are complements, sepa-
rable, or substitutes, depending on whether is respectively smaller than,
equal to, or larger than, 1. In the separable case, it can be shown that the
certainty equivalent of export sales is higher under PCP when . Since
the certainty equivalent of labour costs is lower under PTM, we require
situations where is clearly higher than to have PCP preferred by the
marginal firm. If the marginal firm does prefer PCP, it only tells us that PTM
adopted by all firms is not an equilibrium. It does not tell us that PCP is an
equilibrium.

Table 1 presents simulation results under different values of and in the
separable case .14 It shows that, depending on parameter, either
PTM or PCP is preferred. However, for most plausible values of and ,
PTM is preferred by the marginal firm and is, therefore, an equilibrium.
Most evidence shows that the rate of relative risk aversion, , is larger than 2

14. We assume thatM and can take on 11 equidistant values, with mean 0.5, standard
deviation 0.075, and correlation 0.5. A final assumption is that the weight of the CES index
is set such that in the deterministic equilibrium, assuming that time (other than
sleep and household chores) is divided equally between work and leisure.
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(e.g., Friend and Blume 1975). Hummels (1999) obtains estimates for in
the range of 5 to 10.

Simulations can also be conducted when all other firms apply the PCP
strategy. Our numerical results show that the marginal firm prefers PTM
under all the parameter combinations of Table 1. Thus, PCP is not an
equilibrium in this context. This also implies that there are parameter
combinations, e.g., when is low, where neither PTM nor PCP is an
equilibrium. In these cases, there will be “mixed” equilibria, where a
proportion of firms apply PTM, while the others apply PCP.15

In all of these experiments, it is assumed that firms have no access to asset
markets and thus cannot hedge. How does the availability of assets influence
the optimal pricing decision?16 We have run the simulations with the
parameters of Table 1 under the assumption that all firms have access to
complete financial markets.

We find that, for all parameter combinations, a marginal firm prefers PCP
when other firms price according to PTM, while the marginal firm prefers
PTM when all other firms price according to PCP. This means that neither
PTM nor PCP is an equilibrium. There will be a mixed-strategy equilibrium,
whereby a fraction of firms price according to PTM, while others choose
PCP.17

To summarize, in the absence of international asset trade, PTM is an
equilibrium for most plausible parameter values, while, under complete
asset markets, there will be a mixed-strategy equilibrium. Overall, we may
therefore conclude that the model’s predictions are roughly consistent with

15. There could, in fact, be mixed strategies by individual firms or a “mix” of pure strategy.
The two are equivalent, since the number of firms is infinite.
16. In a partial-equilibrium framework, Friberg (1998) shows that PTM is preferred when
a forward market is available.
17. For implausible parameters that are not in Table 1, PTM can be an equilibrium. In
particular, when , PTM is an equilibrium under complete asset markets.

µ

γ

γ µ 1<

Table 1
Optimal pricing strategy when other firms choose PTM
(Separable preferences and no international asset trade)

µ 0.9
γ

1.1 2 5

2 PCP PTM PTM PTM
5 PCP PCP PTM PTM
10 PCP PCP PTM PTM
50 PCP PCP PCP PTM
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empirical evidence. Since there is limited risk-sharing (e.g., see
Athanasoulis and van Wincoop 2000), we are far from the complete market
situation. The model would then predict that PTM is an equilibrium strategy,
which is in keeping with empirical observation. As international financial
markets become more integrated, the model would predict that PCP be-
comes a more attractive pricing strategy.

Conclusion

This paper has examined the relationship between nominal exchange rate
fluctuations and trade flows. It might be presumed that more exchange rate
volatility increases the trade flow risk, thus decreasing trade flows. However,
this presumption is too simplistic. First, we argue that we cannot analyze
exchange rate volatility in isolation, but we do need to specify the exchange
rate regime. The question, therefore, becomes whether trade is lower under a
floating exchange rate regime. Here, we show that the answer is ambiguous
and that it depends on many factors, and in particular on the pricing strategy.
Trade is only affected by the exchange rate regime when firms apply PTM.
We argue that PTM is more empirically relevant than PCP and for reason-
able parameters is indeed an optimal pricing strategy for firms when markets
are incomplete. While we have provided examples where trade is lower
under a float with PTM, in general it can go either way, depending on
preferences and on the way monetary policy is conducted under a float.

Some readers might wonder whether this is a sterile theoretical exercise.
True, part of our investigation is still at an early stage and more work needs
to be done to fully apply it to the real world and to resolve several ambi-
guities. In particular, it would be interesting to conduct empirical studies
based on the present framework to help determine what aspects of the model
should be amended or extended. Overall, however, we strongly believe that
the general-equilibrium approach presented here is more fruitful than
partial-equilibrium or ad hoc models in understanding the impact of the
exchange rate regime.

One of the advantages of the approach is that welfare conclusions can be
drawn. This is done in detail in Bacchetta and van Wincoop (2000), where
we present conditions under which a fixed exchange rate is preferred to a
flexible regime. One of the results is that there is no one-to-one relationship
between trade and welfare; e.g., a fixed exchange rate regime may increase
trade, but lower welfare. So even when the presumption that exchange rate
volatility reduces trade is correct, it does not necessarily mean that welfare
is lower under a float.
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We have also shown that the asset-market structure plays an important role
in the pricing strategy. The model suggests that as financial markets become
more integrated, firms are more likely to switch to PCP, leading to lower real
exchange rate fluctuations and a reduced impact of the exchange rate regime
on trade. While financial markets affect the pricing strategy of firms, we
could have a reverse causality. The currency denomination of goods trade
could affect the currency denomination of asset trade, leading to a poten-
tially interesting simultaneity problem that is beyond the scope of this
present paper.
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Introduction

Bacchetta and van Wincoop have developed an elegant approach to the
effects of exchange rate volatility on pricing and trade. This paper, in con-
junction with their earlier contributions, provides several useful innovations.
After their approach using a general-equilibrium framework, it will be dif-
ficult to excuse the use of partial-equilibrium analysis in future research.
The introduction of multiple, simultaneous sources of uncertainty is also
important. The authors are able to examine the incremental contribution of
currency risk, not just in isolation, but in the context of overall risk in an
uncertain environment. In doing so, they help to fill a gap noted by Agathe
Côté in her 1994 survey. The model also incorporates monopolistic compe-
tition with market segmentation and price discrimination. And, the model
allows firms two pricing options: pricing to market (PTM) and producer
currency pricing (PCP), both of which are, in fact, widely used.

This framework is rich in implications. The authors are able to provide an
explanation, in terms of risk aversion, of the circumstances under which
firms might prefer one pricing arrangement over the other. Optimal price-
setting behaviour can be derived under either option. If a non-traded service
were introduced into the model, purchasing-power parity (PPP) will not
hold under either—changes in the nominal exchange rate would cause
changes in the same direction in the real exchange rate measured in terms of
the average price of consumer goods. PTM has the much stronger property
that the law of one price for a given good will not hold. As the authors note,
there is vast empirical evidence of deviations from both PPP and the law of
one price.

Discussion

Kevin Clinton
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All this suggests that we have a good theoretical framework for exploring
the effects of exchange rate volatility on trade. And the results that emerge
are strong, indeed stronger than the authors let on.

Bacchetta and van Wincoop, like various earlier authors, stress the
ambiguityof the theoretical effects of exchange rate volatility on trade. One
could easily get the impression from their paper (the concluding section, for
example), that there are no refutable hypotheses for trade volume under
alternative regimes. However, let us review the findings:

• Trade is not affected at all by the exchange rate regime when firms apply
the PCP strategy.

• As financial markets become more integrated, firms are likely to switch
to the PCP strategy. (More generally, the greater the number of financial
opportunities for hedging, the slighter the effect of exchange rate
volatility on trade.)

• Trade volume might be affected under the PTM strategy, but the direc-
tion of the effect is not clear.

• In any case, welfare is not necessarily correlated with trade volume.

My reading is that the exchange rate regime hasnegligible theoretical
implications for trade volume (and for welfare)—the effect of increased
currency volatility on trade volume might be positive or negative, but there
is no reason to think that the effect either way would be substantial. For
empirical testing, the working hypothesis that emerges is that exchange rate
volatility has no effect on trade.

Is there a bias in the model towards underestimating the effects of the
exchange rate regime? If anything, the bias might be the opposite. For
nominal variables to have an effect on real quantities, nominal frictions of
one kind or another are required, and the model is likely to exaggerate the
rigidities implied by PTM.1

Prices are assumed to be set for a period during which shocks may come
from the monetary sector or from productivity. Unless I am mistaken, the
length of this period would be the time needed by firms to ascertain the
existence and nature of a shock to their wage costs. Yet during this period,
the wage rate is flexible, and exports and imports are demand-determined.
Therefore, it is assumed that the period of the financing and pricing deci-
sions islonger thanthe implicit term of the wage contract andthe same as
the period over which the real exchange rate affects trade.

1. My argument would also apply to the cash-in-advance constraint.
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This might not be realistic, by an order of magnitude. On the one hand, firms
have a strong incentive to be up-to-date on vital information like the wages
and productivity of their workforce—let’s say their recognition lag is weeks,
or months at the most. (If firms do fix the foreign currency prices of their
exports for considerably longer than this—as empirical evidence indicates—
a factor absent from the model is likely at work.) On the other hand, typical
wage or salary contracts last at least a year. Likewise, conventional estimates
of the mean lag of the import response to relative price changes typically
exceed one year (e.g., the import equations in the Bank’s QPM model). The
period in the model thus seems to imply implausibly slow recognition of
shocks or implausibly rapid responses of trade flows. The effects of PTM on
trade flows are, therefore, more likely to be exaggerated than under-
estimated. This consideration reinforces my view that the implied working
hypothesis from the theory is that exchange rate volatility has no effect on
trade volume.

Choice of exchange rate regime is an extremely important matter for various
reasons. But theory indicates that the effect of exchange rate volatility on
trade is not one of them. And the empirical results—showing weak or non-
existent effects, at least if currency unions are left aside—seem to be in line
with the theory.
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David Laidler began the discussion period by remarking that the coefficient
on the real energy terms-of-trade variable in the Bank of Canada’s exchange
rate equation declines in absolute magnitude over the latter half of the
sample period, in particular over the 1990s. He wondered whether the
significance of this variable was due to the oil price shocks of the 1970s and
whether further investigation had revealed anything of note. John Murray
agreed with Laidler’s observation, but noted that although the coefficient is
statistically significant, its small size implies that it does not have a large
impact on the estimated value of the exchange rate.

Charles Freedman spoke briefly on the role of the exchange rate in the
policy formulation process. He noted that the correlation between the
exchange rate fitted by a regression on commodity prices and the interest
rate differential does not imply that monetary policy is aimed at the
exchange rate but rather that the exchange rate and interest rate differential
are both endogenous variables and reflect the state of aggregate demand in
Canada. He went on to say that central banks should not react to exchange
rate movements driven by real factors. Nonetheless, there may be portfolio
shocks, which have occurred in the past, that might warrant a central bank
response.

Gregor Smith said that there were periods in the mid-1970s, early 1980s,
and early 1990s when commodity prices were coming down and the interest
rate differential was going up, not down. He felt that, at a minimum, these
periods make it difficult to convince the public that the commodity price
trend is what drives the real exchange rate in all periods.

John Broadbent reported that the commodity terms of trade in the Reserve
Bank of Australia’s exchange rate equation appears with the predicted sign
(higher commodity prices cause a real appreciation). He added that, in
Australia, they wouldn’t care whether chartists or fundamentalists were in

General Discussion
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the market, but whether the exchange rate was far from their estimate of the
equilibrium level.

Carmen Reinhart noted that the prediction of Bacchetta’s model under local
currency pricing is consistent with the fact that there is no conclusive
empirical evidence that nominal exchange rate volatility hurts trade for
industrialized countries. In commenting on the Djoudad et al. paper, she felt
that the policy prescription that there should be less foreign exchange
market intervention by central banks does not follow from the empirical
results, because the reaction of central banks to periods of turbulence may
have caused the trading activity by fundamentals-based traders.

John Murray responded by noting that he and others had found little
evidence that sterilized intervention by the Bank of Canada had any material
effect on the exchange rate.

John Crow expressed doubt that the relatively high energy intensity of
Canadian industry can adequately explain the counterintuitive negative sign
of the energy price variable in the Canadian exchange rate equation in the
Djoudad et al. paper. He asked whether the authors had empirically tested
this explanation. John Murray responded that while they had not explicitly
tested for it in the equation, it was recently determined that Canadians use
50 per cent more energy than Americans on a per capita basis. In addition,
he noted that when energy prices rise sharply, this slows the U.S. economy
and reduces Canadian exports.

John Helliwell also expressed doubts on the energy-intensity argument, but
felt that sharp increases in energy prices for some inexplicable reason cause
investors to purchase U.S. dollar assets in a flight to quality. Consequently,
the Canadian dollar and other currencies depreciate.


