Exchange Rate Pass-Through When Market Share Matters

By KENNETH A. FROOT AND PAUL D. KLEMPERER*

We investigate the pass-through from exchange rates to import prices when firms’
future demands depend on current market shares. Foreign firms may either raise
or lower their dollar export prices when the dollar appreciates temporarily (i.e.,
the pass-through may be perverse) and import prices may be more sensitive to
expected future than to current exchange rates. We explore whether expected
future exchange rates provide a clue to the puzzling recent behavior of U.S.

import prices.

The dramatic swings in the dollar’s value
in the 1980s have made it clear that foreign
producers charge different prices in U.S.
markets than in other markets, that is, they
“price to market.” Furthermore, these price
differentials appear sensitive to the level of
the exchange rate. It is well known, for ex-
ample, that luxury German cars became far
more expensive in the United States than in
Europe during the 1980-84 dollar apprecia-
tion. As the dollar subsequently fell, prices
of these cars in the United States again
became closer to those abroad.! This un-
precedented fluctuation in relative prices re-
flects the failure of foreign exporters to
pass-through exchange rate changes into dol-
lar import prices.> The degree of pass-
through is important not only for what it
may tell us about competition in interna-
tional trade, but also because of its implica-

*Harvard University, Graduate School of Business,
Boston, MA 02163, and St. Catherine’s College and
Institute of Economics and Statistics, Oxford Univer-
sity, England OX1 3UJ, respectively. This paper is a
substantially revised version of NBER Working Paper
no. 2542. We thank two anonymous referees, Dick
Baldwin, Alan Beggs, Geoff Carliner, Sue Collins, Mar-
tin Feldstein, Alberto Giovannini, Meg Meyer, James
Mirrless, Dani Rodrik, Ken Rogoff, Larry Summers,
and especially Avinash Dixit, for helpful comments,
Lant Pritchett for expert research assistance, and the
Ford, John Olin, and Alfred P. Sloan foundations for
research support. All errors are our own.

Alberto Giovannini (1988) presents evidence of pric-
ing to market among more homogeneous goods, such as
ball bearings.

See the recent empirical work by Catherine Mann
(1987a,b) and Mann and Peter Hooper (1987).
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tions for the effect of dollar depreciation on
the trade balance.

Why might we expect foreign exporters to
sell their goods at a higher price in the
United States than abroad when the dollar
appreciates? One obvious answer is that for-
eign producers may not be thoroughly for-
eign, in that some of their costs of adver-
tising, selling, and distributing in the U.S.
market are denominated in dollars. A second
answer is that an appreciation of the dollar
may reduce the elasticity of demand for im-
ports. If demand is linear, for example, dol-
lar appreciation by itself lowers the elasticity
faced by foreign firms.> Also, in standard
oligopolistic models in which foreign firms
face U.S. competition, firms’ own elasticities
fall with an exchange rate appreciation, even
when demand is of constant elasticity.® A
third explanation for pricing to market em-
phasizes dynamic supply-side effects. Paul
Krugman (1986) shows that if it is costly for
foreign firms to expand sales rapidly, import
prices will not fall much when the dollar
appreciates. Richard Baldwin and Krugman
(1986) and Avinash Dixit (1987a,b) consider
adjustment behavior when firms face nonre-
coverable fixed costs of entry. In these latter

A foreign monopolist with constant marginal costs
would reduce its dollar prices by the same percentage as
the exchange rate change if demand is of constant
elasticity, but by less than half that percentage if de-
mand is linear.

“See Rudiger Dornbusch (1987) and Paul Krugman
(1986) for an exposition of the standard Cournot
oligopoly case.
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models, a large enough exchange rate change,
even if it is temporary, can raise permanently
both the level of imports and the degree of
pass-through—an effect now best known as
hysteresis.’

This paper takes a different approach by
focusing on dynamic demand-side effects in
an oligopolistic market. These effects also
can induce hysteresis and help explain both
why the pass-through may be low and why it
may vary through time. We study a model in
which firms’ future demands depend on cur-
rent market shares. Expected future ex-
change rates therefore affect the value of
current market share, and so affect current
pricing strategies. We show this type of in-
tertemporal dependence implies that the
magnitude and even the sign of the pass-
through will depend on whether exchange
rate changes are thought to be temporary or
permanent.

In response to a temporary appreciation
of the dollar, for example, foreign exporters
to the United States will reduce their dollar
prices by less in this model than in the
standard static oligopoly framework. This
occurs because the appreciation increases the
value of current, relative to future, dollar
profits expressed in foreign currency. When
the value of the dollar is temporarily high,
foreign firms will find investments in market
share less attractive, and will prefer instead
to let their current profit margins grow. In
fact, the expectation that the dollar will de-
preciate over time may erode the value of
future profits so much that foreign firms
could conceivably raise their dollar prices
when the exchange rate appreciates.

Permanent dollar appreciations, on the
other hand, do not create such incentives to
shift profits from tomorrow to today. Since
foreigners’ current and future costs (ex-
pressed in dollars) fall as the dollar under-
goes permanent appreciation, foreign firms
compete more vigorously, unambiguously

In these models, the permanent effects come from
permanent changes in the number of foreign firms com-
peting in the U.S. market.
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driving current prices down. Indeed, prices
may fall more than in a static oligopoly
model.

The demand-side model we study is actu-
ally closely related to the supply-side models
of Baldwin and Krugman (1986) and Dixit
(1987b). In both types of dynamic models,
firms can make initial investments in foreign
markets which give them the opportunity to
earn future profits. In supply-side models
these investments take the form of a sales
infrastructure, whereas in our model invest-
ments purchase consumer allegiance. Both of
these can be interpreted as firm-specific in-
vestments in either invisible assets or future
demand. The demand-side approach, how-
ever, leads to somewhat different conclusions
about pass-through. This is because current
prices are the means by which firms make
investments in market share. First-period
prices are in a sense net—rather than gross
—of investment expenditures. As a conse-
quence, the pass-through relationship incor-
porates directly any changes in firms’ invest-
ment decisions.

The plan of this paper is as follows. Sec-
tion I presents a simple two-period model in
which market shares matter. We show that
the two effects that drive our results, cost
and interest-rate effects, are very general:
our results do not depend critically on the
nature of competition (Cournot or Bertrand),
the form of demand, the number of periods,
or the reason why market share matters.
Section II then turns to disaggregated bilat-
eral export price data to investigate the sen-
sitivity of the pass-through to the expected
permanence of exchange rate changes. We
also explore the extent to which the per-
ceived permanence of exchange rate fluc-
tuations may have been a factor in the
pass-through during the 1980s. Section III
concludes.

In the NBER Working Paper version (section 2), we
specialize the model below to a simple “switching costs”
model that follows Paul Klemperer (1987a) in order to
present rough computations of the magnitude of pass-
through.
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I. A General Market Share Model

This section analyzes a simple two-period
duopoly competing in a domestic (U.S.)
market. Firms’ second-period demands, and
hence their second-period profits, depend on
first-period market shares.”

There are a number of ways that this
dependence can arise. First, consumers may
face substantial costs of switching between
brands of a product even if the brands are
functionally identical.® For example, con-
sumers who have learned to use one type of
videocassette recorder find it costly to learn
a new one with identical capabilities. There
may also be transactions costs of switching
suppliers. An example would be the costs of
returning rented equipment to one firm and
then renting identical equipment from a
competitor. Arthur Okun (1975) emphasizes
the costs of breaking personal sales relation-
ships in industrial transactions. Firms them-
selves can create relationships with cus-
tomers by using repeat-purchase discounts
or by making accessories incompatible with
other brands. Second, a consumer may be
unwilling to switch from a brand that he has
tried and liked to an untested rival brand.’
Indeed, consumers incur search costs even in
finding out about the existence or price of a
competing product.!® Past sales also adver-
tise a firm’s product to those consumers who
have not previously purchased its product.
Another reason why past market share mat-
ters is provided by network externalities,
which give consumers incentives to purchase
products that other consumers have pur-

"The analysis below emphasizes that market share
may affect a firm’s future profits through future de-
mand. Market share may also influence a firm’s future
profits through its future costs if, for example, firms
have learning curves (see Michael Spence, 1981). With
minor changes, the model below will apply to this case
also.

8See Joseph Farrell (1986), Klemperer (1987a,b,c),
and Christian von Weizsacker (1984).

This applies when brands are “experience” goods in
the terminology of Phillip Nelson (1970).

See, for example, Edmund Phelps and Sidney
Winter (1970). Nils Gottfries (1986) explores the impli-
cations of cost and demand shocks in international
competition in a version of their model.
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chased previously.!! For example, as more
compact disk players were sold, the disks
themselves became cheaper and more abun-
dant, raising the value of a player to new
and old users alike. That these or other
effects—including perhaps ‘irrational”
brand loyalty— make market share impor-
tant is attested to by the emphasis placed by
many business executives and corporate
strategy educators on market share as a goal
and a measure of corporate success.?
Suppose that in period one, a domestic
firm, D, chooses its first-period price p?, to
maximize its total discounted future profits:

(1a) =P==P(p® pF)
+ AD‘”zD(OD(PD, PF),ez)

taking the foreign firm F’s first-period price,
pF, as given. We choose price competition
for expositional convenience and show be-
low that our results do not depend impor-
tantly either on this assumption or on the
restriction to two periods. D’s total profits,
7D, are the sum of its first- and second-period
profits, 7”2 and 7, respectively. Its second-
period profits are a function of its first-period
market share, ¢”, and the second-period ex-
change rate, e,, expressed in units of foreign
currency per dollar. Future profits are dis-
counted by the factor AP into first-period
terms.

Firm F chooses pf analogously to maxi-
mize the present discounted value of its
own-currency profits:

(1b) nf= el'”lF( P>, PF’el)
+ )\Fez'”zF("F(PD’ PF)’ez)’

where #f and = are its first- and second-
period profits in dollars, e, and e, are the
first- and second-period price of dollars in

1See Michael Katz and Carl Shapiro (1985).

>Harry Foster (1988) provides a case study of the
construction machinery industry in the 1980s. He iden-
tifies several reasons why the market shares of two rival
brands, Komatsu and Caterpillar, matter for profits.
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terms of F’s own currency, and AF is F’s
own-currency discount factor.

Firm i’s discount factor is inversely pro-
portional to the interest rate in i’s home
market, X' =8/(1+r"), where B measures
the duration of the second period relative to
the first. If capital is perfectly mobile inter-
nationally, domestic and foreign interest
rates will be related to future depreciation
according to uncovered interest parity:'?

(2) AP =2Ne, /e, =A\.

In what follows we hold constant the interest
rate in the foreign firm’s home market, that
is, we hold AF constant, since our main focus
is on how the foreign firm’s prices differ in
different markets.!

We assume for simplicity that F' has con-
stant marginal costs, yF, expressed in its
own currency. In terms of the domestic cur-
rency, F’s costs in the first and second
periods are then given by ¢f=y/e, and
cF'=vyF/e,, respectively.!®> We also assume
that the exchange rate, as well as the aggre-
gate price level, is given exogenously. In
noncooperative equilibrium the first-order
conditions are thus:!®

an®  mP ( anp )( 80”)
LN

(3a)

ap?  ap® de® |\ ap®
=0,
N N
ap* ap* dof [\ apF
=0.

Under perfect capital mobility, equation (2) is a
natural assumption because, without it, riskless arbi-
trage would be possible. We could, however, assume
that barriers to international capital mobility invalidate
(2). Such a change would have only a minor effect on
our results. See fn. 24 below.

This is for simplicity only, since our qualitative
conclusions about pricing to market depend only on
changes in the interest rate differential.

3In the NBER Working Paper version, we allow for
general cost curves.

'®We assume that the second-order conditions are
satisfied, (9%7'/(3p)?) < 0.
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Since a lower price increases a firm’s
first-period market share, (do'/dp’ <0), and
provided that a larger market share increases
a firm’s second-period profits, (3} /o’ > 0),
(3a) and (3b) imply that (d=, /dp') >0, i=
D, F.'7 Firms therefore choose lower prices
than they would if market share had no
value (in which case d=; /d¢’=0). Natu-
rally, the level of prices depends on the value
of market share. Equations (3a) and (3b)
balance the marginal cost of further market-
share investment through lower prices
(dm/dp"), against the marginal return from
this investment tomorrow

( am} 80‘)

Ae——1.

de' dp'

The marginal return is the effect of price on
market share (do'/dp') times the effect of
current market share on future profits
(dm)/da") times the current dollar value of
future dollar profits (A). The last two of
these terms depend on the future exchange
rate.

Note also that our formulation allows for the
possibility that firms enter period 1 with
extant market shares, oj. Naturally, the price
levels determined in (3a) and (3b) will de-
pend importantly on initial conditions: firms
which have already built large market shares
may capitalize on their investments by set-
ting higher prices. This does not affect the
qualitative analysis below, however, which
focuses on the response of prices to exchange
rate changes, and not on the initial levels of
prices. To analyze the effect of exchange rate
changes, we do comparative statics on the
first-order conditions (3a,b). This strategy
allows us to retain the generality of our
formulation: we need not impose a specific
demand function or reason why market share
matters. The effects that we isolate in this
way are therefore very general and transcend
the particularities of simple models that can
be solved explicitly.

YKlemperer (1987a,c) explains why a larger market
share in the first period may sometimes reduce profits in
the second period.
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Totally differentiating (3a) and (3b), and
relegating the algebra to the Appendix, we
can write firm i’s price in reduced form as:

(4) p'=p'(cf e N),

since cf, cf, and A are the only variables
that depend directly on exchange rates.'®
The effect of a proportional change in the
period-¢ exchange rate is therefore:°

) dp' ap'\ [ dcf ap'\[dA
—— —— . + —— —
de, ack |\ de, XN [\ de, |

where e, = In(e,). From the definitions above
we have e (dcl/de,) =e(— yF/eZ) =—cf,

e (d\ /de) = e;(— AF, /el) = —A, and
e,(d\ /de,) = e,(\, /el) = A. Thus, the ef-
fect of a current, temporary and propor-
tional appreciation of the domestic currency
is:

dpi api api
5a) ——=—cf| == | -A[ =
(Ga) Zer =l 5er (ax ’

while the effect of a future proportional ap-
preciation is:

dp' ap' ap'
5b) — = —cf| == | +A| —=].
(55) Ge, =7\ 5eF (ax

These equations separate price changes
into two terms, which we call cost effects and
real interest rate effects.

"¥*The domestic firm’s costs are not altered by ex-
change rate changes. This is a result of our assumption
that ¢ is fixed in domestic currency. This assumption
is, however, not crucial. As long as domestic costs
remain relatively unaffected by exchange rate changes
in comparison with foreign costs expressed in domestic
currency, we would obtain qualitatively similar results.

We write (dp'/de,) here, and similar expressxons
below, to reduce notational complexity. Strictly, since
we have previously defined pi(-) as a function of ¢f, ¢f,
and A, we should give a different name to the function
relating p' and e, and e,: p'= j‘(e;,e,), and write
(3p'/3e,) here.
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In a standard static model of international
competition, prices are unaffected by future
costs or by discount factors (dp'/dck=
dp'/d\ = 0). In such models the only effect
is the first-period cost effect, — c{(dp'/dci)
< 0. An appreciation of the dollar—an in-
crease in e; —decreases F’s dollar costs and
encourages F to reduce its price. D’s opti-
mal response is, in general, to reduce its
price as well (see the Appendix).

When market share matters, however, the
other terms in (5) are no longer zero.® F’s
second-period costs (in dollars) affect both
firms’ second-period profit functions and so
influence first-period pricing decisions. If
lower second-period costs increase the
marginal value of market share to F,?' that
is, increase (3m//da"), then F increases
market-share investment by lowering its
prlce In terms of (3b), (d#/3p") increases,
so p” falls. Thus we expect that the second-
penod cost effect on F’s price is negative,
—¢;(dpf/dc5) <0: expected future dollar
appreciation lowers pf.2

In addition to cost effects this model gives
rise to real interest rate effects, which corre-
spond to the second terms in (5). A tempo-
rary appreciation makes future dollar profits
relatively less valuable than current dollar
profits. The return on market-share invest-
ment therefore falls. When firms invest less,
they raise current prices and let their profit
margins grow. Specifically, an increase in e;
lowers A, hence lowers (d]/dp'), and so
raises p’. Thus we expect —A(dp'/dA) > 0:
interest rate effects tend to increase import
prices when the dollar appreciates.

20The presence of market share effects also alters the
magnitude of the first-period cost effect. This occurs
because a change in current costs alters the return on
investment in market share, and because the slopes of
firms’ reaction functions are determined in part by the
importance of market share.

21 This will always be true in the limiting case when
market shares are so important that in the second
period each firm is a monopolist in its first-period share
of the market, and in general the term will be larger
(more positive) the more market share matters.

The second-period cost effect on D’s price is hard
to sign. See the Appendix for more detail.



642 THE AMERICAN ECONOMIC REVIEW

We show in the Appendix that the interest
rate effect on i’s price can be written as

\ dnf\[ — doF .
( daf ) ap* ¢

N dmP\( — P }

( da? ) ap”® v

The terms ¢ and ' are generally positive
and depend on the second derivatives of the
profit functions, 7 and «”. (For firm F,
the second part of the expression arises from
its response to D’s changed behavior, and
conversely for D). The greater in magnitude
the effect of price on today’s market share
(do'/dp"), or the greater the effect of market
share on second-period profits (9, /do"), or
the greater the value of second-period dollar
profits in terms of current dollars (A), the
greater we expect the interest rate effects
to be.

Note that the interest rate effects operate
even in thoroughly domestic industries. In-
deed, this type of effect is general to any
model in which prices can fall as firms shift
profits over time in response to interest rate
changes.?®* An important feature of this model
is that lower prices are not just the result of
a change in competition; they are the mecha-
nism by which investments are made.

Of course, if we had held constant the
U.S. interest rate instead of the foreign inter-

BEor example, lower real interest rates may lower
prices by encouraging capital investment that lowers
marginal costs (although investments in durable adver-
tising might raise prices). In Dixit (1987b) lower real
interest rates encourage more firms to pay the fixed
costs of entering a market, leading to greater competi-
tion and so also to lower prices. See Joseph Stiglitz
(1984) for other possible relationships between real in-
terest rates and prices. Phelps and Winter (1970), and
Phelps (1986) discuss the tendency for high real interest
rates to raise markups in a single-economy model, and
Jean-Paul Fitoussi and Phelps (1986) place much of the
blame for the persistently high rates of unemployment
in Europe on this kind of mechanism. John Maynard
Keynes (1930) refers to a similar effect, which posits
positive correlation between the level of prices and the
nominal interest rate, as Gibson’s paradox. See also
Robert Barsky and Lawrence Summers (1985).

SEPTEMBER 1989

est rate, then the interest rate effect would be
absent in the U.S. market. From (2), the
required fall in the foreign interest rate
would, however, raise the return on invest-
ments in foreign market share, and therefore
lower dollar prices in the foreign market.
Thus, regardless of the change in either
country’s interest rate, as long as the interest
differential increases with the temporary dol-
lar appreciation, the differential between U.S.
and foreign prices increases as well.?*

In fact, in a model more general than this
one, we would see interest rate effects in the
U.S. market even if only the foreign interest
rate moved in response to the increase in
expected dollar depreciation. Assume firms
produce for both the U.S. and foreign mar-
kets and have increasing marginal costs in
the short run due, for example, to capacity
constraints. Then a temporary dollar appre-
ciation which leaves U.S. interest rates un-
changed but reduces foreign interest rates
makes foreign market share relatively more
valuable than U.S. market share. It follows
that firms will reallocate output toward the
foreign market and away from the U.S. mar-
ket, thereby raising U.S. prices.

In the current model, the total effect of a
temporary exchange rate appreciation on
prices is ambiguous, since the interest rate
and cost effects are opposed. If the two
effects are of similar magnitudes, dollar im-
port prices will appear to be sticky in re-
sponse to exchange rate changes that are

*To see how the results are affected by relaxing
uncovered interest parity, suppose that domestic inter-
est rates are independent of expected exchange rate
changes. In that case, our analysis would be unchanged
except that D’s marginal incentive to invest in market
share would not be affected by exchange rate changes:
the interest rate effect would not include the term

A anP\ [ da®
dc® |\ ap? |
The value to F of second-period dollar profits relative to
first-period dollar profits would remain AR, /e;, and
would depend on exchange rates exactly as above. Thus,
the first term of the interest rate effect—which is pro-

portional to A(dm/30")(da%/dpF)—would be unaf-
fected. The cost effects would be completely unchanged.
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perceived to be temporary, despite the fact
that prices are perfectly flexible. Interest rate
effects will be relatively more important in
markets in which profits, and hence the val-
ues of market shares, are large relative to
costs. In the NBER Working Paper version,
we show in an example that the interest rate
effect can easily dominate, in which case
import prices respond perversely to ex-
change rate changes.” Note that if only a
fraction of F’s costs are incurred outside the
United States, the cost effect (but not the
interest rate effect) is multiplied by that frac-
tion. In general, under a purely temporary
exchange rate change, the real interest rate
effect must dominate if firms’ costs are suf-
ficiently low, or if a sufficiently small frac-
tion of costs are fixed in F’s own currency.?

The effect of a permanent percentage
change in the exchange rate (i.e., de, = de,)
is simply the sum of (5a) and (5b):

i i

dp' dp
5¢) —+—=-—
(5¢) de, de, “

For a permanent exchange rate change, the
interest rate effects cancel: the relative val-
ues of current and future profits do not
change. Equation (5¢) is therefore just the
sum of the cost effects. Since the cost effects
have the same sign, and since the cost and
interest rate effects under temporary ex-

*This example assumes homogeneous products,
quantity competition, and linear demand in the first
period and large enough consumer switching costs that
in the second period each firm behaves as a monopolist
over its first-period share of the market. The condition
for the interest rate effect to dominate is approximately:

A X percent profit margin of a monopolist
> (5a/2) X foreign firms’ market share,

in which « is the fraction of the foreign firms’ costs
inc&rred outside the United States.

In reality, of course, expected future exchange rates
move strongly with current rates: exchange rate changes
are predominantly permanent. Thus, even if the theory
were to predict that interest rate effects would dominate
in a certain industry, we would not usually expect to see
a perverse pass-through in the data.
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change rate changes are opposed, a perma-
nent dollar appreciation lowers dollar prices
more than a temporary appreciation.?’

Since an expected future exchange rate
change gives rise to an interest rate effect
that is equal and opposite to a temporary
change, the cost and interest rate effects are
in the same direction. Current prices may
therefore be more sensitive to expected fu-
ture exchange rate changes than they are to
contemporaneous changes.

Finally, this model provides a reason why
greater uncertainty about future exchange
rates may affect current prices. A foreign
firm’s future profitability in the U.S. market
is typically a convex function of the ex-
change rate: when dollar costs are lower,
dollar profits are higher exactly when dollars
are more valuable. Therefore greater ex-
change rate uncertainty increases the ex-
pected value of U.S. market share to a risk-
neutral foreign firm, and so tends to reduce
F’s prices.?® If, however, F were sufficiently
risk averse, greater exchange rate uncertainty
would reduce the value to F of investment in
U.S. market share. In such a case F would
prefer to take profits, and would tend to
raise its price.

Quantity Competition. Since our main in-
terest is in prices, our analysis has assumed
for simplicity that firms compete on price. It
is straightforward, however, to reinterpret
our model as a quantity-competition model.
To do so, just redefine p' as firm i’s first-
period quantity. Then equations (3)-(5) are
unchanged, but (de'/dp’) >0 (a larg-
er quantity increases market share), so (3)
implies (d=]/dp') <0 and the signs of
(3p*/9c), (3p*/dcy), and (3p'/N) in (5)

*"This suggests a presumption that the effects of a
permanent exchange rate change are greater here than
in a standard model in which market share is unimpor-
tant, and in which the only effect present is the first-
period cost effect. This presumption is justified in the
example of section 2 of the NBER Working Paper
version. Generally, however, we should be cautious on
this point because incorporating the market-share ef-
fects changes firms’ first-period behavior and so changes
the magnitudes of the first-period cost effects.

BTo save space, we omit a formal derivation. See the
NBER Working Paper version for details.
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are similarly usually reversed. Thus, ex-
change rate changes that lower prices in
price competition raise quantities in quantity
competition: in both cases prices fall. In this
sense, our results do not depend importantly
on the price-competition assumption. The
Appendix gives details.

More Than Two Periods. We have dis-
cussed the effects of exchange rate changes
on the first period of this two-period model.
The effects we identified are also present in
every period, except the last, of a multi-
period model.? To form a multiperiod model
we could replace the current-period profit
functions m{(p?, pF,e,), by the functions
7/(pP, pF.e,), and replace the future-period
profit functions, wj(o',e,), by the value
functions V', (o e ). The analysis would
proceed as above.3 Every period ¢ has the
characteristics of the first period of our two-
period model: each firm trades off the bene-
fits of cutting price to win new market share
against the costs of reducing period-¢ profit
margins. Cost effects and interest rate effects
arise exactly as in the model above. Thus we
expect our qualitative conclusions to hold
good in a many-period model.*!

*The effect of an exchange rate change in the last
period is just the cost effect that is present in a standard
oligopoly model. (In the last period there is no future so
market share is no longer valuable). The magnitude of
this effect will of course depend on the form of last-
period demand which will be different from that in a
standard oligopoly model, and will be affected by previ-
ous periods’ outcomes.

°In our analysis we did not derive firms' optimal
pricing functions. Instead, our strategy was to character-
ize the behavior of the first-order conditions in (3a) and
(3b), which are necessary for an optimum. The same
strategy can be used for examining pass-through in a
multiperiod model.

The quantitative results will of course depend on
how past market shares affect current profit functions,
«'. However, although the levels of prices are likely to
be higher in the general period of a multiperiod model
(if firms develop some monopoly power over their previ-
ous market shares) than in our first period, the deriva-
tives of these prices with respect to costs and interest
rates, and hence the sizes of the pass-through, may not
be very different from those our model would suggest.
See Alan Beggs and Klemperer (1989) and Farrell and
Shapiro (1988) for multiperiod models of switching.
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II. Data Analysis

Naturally, the stylized model above is
likely to be only one explanation among
many for actual pass-through behavior. In
this section, we nevertheless look to the data
to test a simple but important implication of
our model: that the degree of pricing to
market depends on the perceived perma-
nence of exchange rate changes. While it is
not in itself surprising that permanent ap-
preciations exert more downward pressure
on prices than temporary appreciations,?
such a distinction might help explain the
puzzling fall in the 1980s in the pass-through
from the dollar exchange rate to U.S. import
prices.?

One way to view pass-through behavior
over this period is to compare foreign ex-
porters’ profit margins with the real ex-
change rate, as shown in Figure 1.34 The
graph traces out a cycle in profit margins to
match the dollar cycle in the 1980s, with a
large bulge in profits peaking in early 1985.
On average over the sample, 50 percent of
real exchange rate changes are passed
through into profit margins.>®* One cannot

321n any dynamic model with costly adjustment, a
temporary exchange rate change produces less adjust-
ment than a permanent change. The hysteresis models
of Dixit (1987a,b), Baldwin and Krugman (1987), and
Baldwin (1988), as well as the model in Section I of this
paper, could all be supported over standard static mod-
els if the permanence of exchange rate changes were
found to affect systematically pricing to market. Thus
these models as well as ours might explain the empirical
results presented below, even though the test below is
not really appropriate for a supply-side hysteresis model,
which would imply that firms make discrete (as opposed
to purely continuous) adjustments.

3Disaggregated data in Mann (1987b) and Helkie
and Hooper (1988) indicate that U.S. import prices
have moved too little in response to exchange rate
changes to be consistent with historical experience.

The real exchange rate is calculated using U.S.
trade weights with 10 major industrial trading partners.
Profit margins are the U.S. fixed-weight import price
index (excluding business machines) divided by the
Federal Reserve Board’s index of foreign production
costs across the same 10 countries.

A regression of the change in the profit margin on
the change in the real exchange rate yields: Apm, =
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FIGURE 1. FOREIGN PROFIT MARGINS ON EXPORTS TO THE UNITED STATES
AND THE VALUE OF THE DOLLAR. DOLLAR (LOG INDEX).—IS AN INDEX REAL
VALUE OF THE DOLLAR,; - - - IS THE FOREIGN PROFIT MARGINS.
SOURCES: BOARD OF GOVERNORS OF THE FEDERAL RESERVE SYSTEM AND
AUTHORS’ CALCULATIONS
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reject the hypothesis that the pass-through
remained the same during the recent appre-
ciation (1981-84) and depreciation (1985-
1987) phases, but during the second half of
the appreciation (1983:1 to 1984:4) and the
first half of the following depreciation
(1985:1 to 1986:1) the pass-through from
real exchange rate changes to profit margins
rose to 79 and 65 percent, respectively. This
implies a detectable (although not statisti-
cally significant) reduction in the pass-
through from exchange rate changes to dol-
lar import prices.*® This reduction is the
more dramatic if the increase in competitive-
ness in the U.S. market predicted by many
dynamic supply-side models has in fact oc-
curred.

0.504 Arer, + ¢, with standard error of the coefficient of
0.072, R* = 0.45, 0 = 0.0163, DW =1.95. Adding lags
and {or a constant term has little effect on these results.

**Mann (1987b) discusses the pitfalls in using aggre-
gate data to infer the behavior of foreign producers’
profit margins.

If the unusual rise in the dollar’s value in
the 1980s was believed to be more temporary
than prior appreciations, profit-maximizing
firms in our model would have let their
profit margins rise by more than historical
experience would suggest.>” There is, in fact,
some evidence that suggests the recent ap-
preciation was viewed as a temporary phe-
nomenon by historical standards. Survey
data on exchange rate expectations, for ex-
ample, show that during the period from
1982 to 1985, respondents consistently be-
lieved the dollar would begin to depreciate
rapidly within the next twelve months.*® In-

To be sure, over the floating rate period it is
difficult, if not impossible, to reject the hypothesis that
the real exchange rate follows a random walk over
relatively short forecast horizons—see, for example,
Richard Meese and Kenneth Rogoff (1988). Newer evi-
dence for the longer intervals which are more relevant
to our analysis, however, suggests that as much as 50
percent of real exchange rate changes are temporary.
See John Huizinga (1986).

¥See Jeffrey Frankel and Kenneth Froot (1987) for a
description of this survey data.
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FIGURE 2. TWELVE-MONTH DOLLAR DEPOSIT RATE LESS AVERAGE
TWELVE-MONTH RATE FOR THE POUND, MARK, YEN, AND FRANC.
SOURCES: DATA RESOURCES, INC., AND AUTHORS’ CALCULATIONS

deed, nominal depreciation at an annual rate
of 7 to 10 percent was expected on average
by this measure.

A more common measure of expected de-
preciation, the nominal interest differential
between U.S. and foreign eurocurrency de-
posits, yields the same qualitative conclu-
sion. Figure 2 shows a simple average of the
differences between twelve-month eurodollar
deposits and similar deposits for the pound,
mark, yen, and French franc. By this mea-
sure, the dollar was expected to depreciate
most rapidly in the early 1980s, just when
the rate of appreciation was also the
greatest.’”

Of course, our model focuses on real and
not nominal magnitudes. Calculation of ex-
pected real depreciation, however, is further
hindered by the inability to observe expected
inflation. Nevertheless, expected real depre-
ciation appears to be positively correlated
with our estimates of expected nominal de-
preciation. Table 1 presents estimates of both

**The interest differential is not a perfect measure of
expected depreciation because it is contaminated by the
exchange risk premium. However, the alternative survey
measure, which is free from this kind of contamination,
shows expected depreciation to be greater during this
period. Thus the interest differential in Figure 2 may
well understate expected depreciation.

expected nominal depreciation of the dollar
and expected inflation in the United States
relative to that in several of its major trading
partners. We have chosen a variety of mea-
sures to ensure that the behavior of expected
real depreciation is not due to the peculiari-
ties of any one measure. We report three
(out of many possible) ways of calculating
expected real depreciation in the bottom
portion of Table 1. Regardless of the precise
measures used, the early 1980s were charac-
terized by expectations of unusually large
future real depreciation.

To investigate the role of expected depre-
ciation more closely, we examine the differ-
ential effect of exchange rate changes on
prices charged by foreign exporters in dif-
ferent markets. Consider as an example, the
one-period percentage change in a British
exporter’s dollar price on exports to the
United States less the percentage change in
its dollar price on exports to Japan:

(5)

If there is pricing to market, a current appre-
ciation of the dollar relative to the yen will
raise the relative price of exports to the U.S.
market, so that expression (5) will be posi-
tive.

UK,US _ UK, JA
Ap, Ap, .
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TABLE 1—MEASURES OF EXPECTED REAL DEPRECIATION OF THE DOLLAR
(PERCENT PER ANNUM)

Years

Measures of Expected
Nominal Depreciation®

1976-78 1979-80 1981-82 1983-84 1985-86

1. One-Year Forward Discount 0.18 2.57 334 1.85 0.10
2. Expected Depreciation from Surveys
a. Economist 12 Month NA NA 8.57 8.60 1.03
b. Amex 12 Month 0.61 NA 6.67 6.99 3.72
Measures of Expected
Inflation Differential®
3. One-Year Lag -1.01 3.54 0.88 -0.35 0.62
4. Three-Year Distributed Lag -1.96 2.70 1.89 -0.18 0.41
5. DRI Three-Year Forecast®d NA 2.20 0.96 0.23 0.15
6. OECD Two-Year Forecast® 1.42 2.24 0.62 0.61 091
Measures of Expected
Real Depreciation
7. One-Year Forward Lag (1-3) 119 -0.97 2.46 220 -0.52
8. Economist/One-Year (2a-3) NA NA 7.69 8.95 0.41
9. Average (1,2)-Average (3,...,6) 091 -010 5.11 5.74 1.09

Notes: *Measures of expected nominal depreciation calculated using a GNP-weighted
average of the pound, franc, mark, and yen against the dollar.

Measures of expected inflation differential calculated as United States minus a
GNP-weighted average of the UK, France, West Germany, and Japan.

‘Available during 1985-86 for 1985 only.

Averages of various forecast dates beginning March 1978.

“OEDC forecasts available during 1976-78 only for December 1978.
Sources: IMF International Financial Statistics, DRI FACS financial database and
forecasts, OECD Economic Outlook, Amex Bank Review, and Economist Financial

Report.

A simple way to capture pricing to market
and its sensitivity to exchange rate expecta-
tions is to project a measure of (5) onto the
change in expected future depreciation of
the real dollar/yen exchange rate and the
contemporaneous change in the real ex-
change rate: “°
(6) Api-UK.US _ p pisUK.JA

¢
= :81 AEt(AerLEiJA)

+ BertUS,JA + etl',US,JA’

where the superscript i represents the ith
industry, AeYS’* is the change from period

“OIn the model of Section I, the relationship between
discrete percentage changes in price and changes in
exchange rates is not necessarily linear, so that (6) is
only a first-order approximation.

t—1 to ¢t in the log of the real dollar/yen
rate, and AE,(Ae’;’) is the percentage-
point change from period r—1 to ¢ in ex-
pected depreciation of the real dollar/yen
rate over the following period. If there were
no pricing to market, both sides of (6) would
on average be zero. If there were pricing to
market but all industries behaved in exactly
the same way, then (to a first-order approxi-
mation) the error term, ¢!, would be zero.
Finally, with pricing to market and diversity
across markets, the error term would appear
random over i. Thus (6) represents a crude
but informative test of a basic property of
our model.*!

“INote that under the null hypothesis that the model
in Section I is true, the coefficients would be industry-
specific:

i, UK, US i,UK,JA _ pi yUK,US i,US,JA
Ap —Ap =p'X +m ,
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The coefficient B8, in (6) measures the de-
gree of pricing to market that occurs in
response to an expected future depreciation
in the dollar/yen rate. That is, a 1 percent-
age point increase in the expected future
depreciation of the dollar, (AE, (Ae!S;) =
1), given no change in the current spot rate,
(AelS: /4= (), results in a proportional in-
crease of B, in the relative price of exports
sent to the United States versus exports sent
to Japan.*> Conventional static models
would yield 8, = 0, while our model predicts
B, > 0. Similarly, the coefficient B, measures
the effect of a permanent depreciation of the
dollar on pricing to market. If, for example,
changes in the dollar/yen rate are passed
through one-for-one into dollar import prices
(so that there is no pricing to market) we
would expect 8, = 0. If, on the other hand
there is no pass-through at all, we would
expect 8, = —0.01. Finally, the pass-through
from a current depreciation that is expected
to be purely temporary is given by B8, — B;.
If, for example, B, — B, =0, there is no pric-
ing to market in response to temporary ex-
change rate changes. If 8, — 8, = —0.01, the
dollar prices of U.S. imports are insensitive
to temporary exchange rate changes. If 8, —
B, < —0.01, the pass-through for temporary
exchange rate changes tends to be perverse:
in response to a current appreciation of the

where  XUK-US’ [ E,(AeUS; ") AelS 4], B = B Bil.
and 7t %1 represents measurement error in the de-
pendent variable (see the discussion in the text below).
Equation (6) constrains the coefficients to be equal
across industries. Because the regressors are not indus-
try-specific, it is easy to show that the coefficients esti-
mated in (6) are averages of the coefficients for the N
individual industries:

f== T8

z| -
i ™M=z

i=1

where B =[B,B,]. A randomly drawn industry thus
behaves on average according to the constrained coef-
ficients, 8. To see that the industry-average interpreta-
tion in (6) satisfies the Gauss-Markov assumptions, note
that the error term can be written:

E;‘UK.US = nl{,UK‘US +(B| _B) Xr
The expectation of &:US'/* conditional on the regres-
sors is zero, since the regressors do not provide informa-
tion_about a specific B' relative to the mean, B.
>The regression results are reported in a manner
that permits exactly this type of calculation.

SEPTEMBER 1989

dollar, foreign exporters raise their dollar
prices on exports to the United States.

To measure the price term on the left-hand
side of (6), we use highly disaggregated bilat-
eral export unit value data from the U.N.
Our sample covers annual exports (1981-86)
of 65 industries from each of the UK, West
Germany (WG), France (FR), and Japan
(JA) to each of the United States, JA, and
the UK. The term Ae!S:’? is measured by
the change over the last twelve months of the
dollar/yen rate, adjusted by the CPI in the
United States and Japan (and similarly for
other currencies). In the regressions that fol-
low, we used the two measures of expected
real depreciation given in lines 7 and 8 of
Table 1. Thus the term AE(Ae"S;’?) is ei-
ther the change in the twelve-month forward
discount or the survey expected depreciation
of the dollar/yen rate, plus a proxy for
expected inflation (the change in inflation in
Japan over the previous twelve months less
the change in inflation in the United States
over the previous twelve months).

It is well known that the bilateral unit
value indexes we use are subject to substan-
tial measurement errors. Nevertheless in this
context, their problems are attenuated. First,
by using bilateral export data we ensure that
the exchange rate changes on the right-hand
side of the equation can be measured with
precision. When using multilateral data, for
example, it is difficult to know the precise
weights that should be applied to measure
“the” exchange rate change. Second, the po-
tentially large measurement errors contained
in the price data themselves are less of a
problem here because they are on the left-
hand side of the equation. Thus by selecting
noisier measures of price changes, we are
able to use cleaner measures of the explana-
tory variables.

Tables 2a and 2b present estimates of (6)
using the interest differential and the survey
measures of expected depreciation, respec-
tively. The estimates were performed using
OLS. We used the averaged data for all
variables over the two-year periods reported
in Table 1.*> We report the usual OLS stan-

“Initially we estimated (6) on the original annual
data. The resulting parameter estimates were similar to
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TABLE 2a— EXCHANGE RATE PASS-THROUGH AND THE EFFECTS or EXPECTED DEPRECIATION

Apiik —Apiit=B AE (Aef)+ By Ael! + ¢

Dependent F-test F-test

Variable By B, SE DF Bi=B,= B—B,=0

A piUK-US _ A pi- UK. JA 0.1399** 0.0135** 0.33 126 4.88** 8.58**
(0.0463) (0.0046)

AplFRUS — A pi- FR.JA 0.0173 -0.0013 0.30 146 0.87 0.27

‘ (0.0380) (0.0038)

AplFRUS _ A pis FR.UK -0.0071 —0.0026 0.40 167 0.25 0.03
(0.0240) (0.0033)

Api WG US — A pi- WG JA 0.0126 —0.0003 0.32 154 0.24 0.12
(0.0400) (0.0040)

A piWOUS A pi- WG UK 0.0154 —0.0016 0.28 166 0.67 1.01
(0.0169) (0.0026)

ApiIAUS — A pi-JA UK 0.0048 -0.0031 0.29 115 0.51 0.14
(0.0208) (0.0032)

All Countries 0.0437* 0.0026 0.32 884 1.64 3.68%*
(0.0232) (0.0020)

Notes: Expected depreciation is measured using the appropriate 12-month Eurointerest differential. ** *represent

P

statistical significance at the 5 and 10 percent levels, respectively. i indexes the industry exports. Data set includes 65

industries for each country, annually from 1981-86. Equations estimated using OLS. Standard errors are in
parentheses.

TABLE 2b—EXCHANGE RATE PASS-THROUGH AND THE EFFECTS OF EXPECTED DEPRECIATION

Aplik — Apidl =B AE(Aek )+ B, Aef! + ¢

Dependent F-test F-test

Variable B B, SE DF B =B=0 B—B=0

AphUKUS A pi UK. A —0.0824 —-0.0159 0.34 126 1.20 1.91
(0.0614) (0.0137)

Api-FRUS _ A pi- FR.JA —0.0022 -0.0022 0.30 146 0.77 0.01
(0.0500) (0.0111)

Apl FRUS — A pi FR.UK 0.0198 0.0026 0.40 167 0.57 0.91

’ ) (0.0235) (0.0070)

Api WG US _ pprWe.JA 0.0096 0.0007 0.32 154 0.20 0.05
(0.0515) (0.0115)

ApiWOUS A plh WG UK 0.0094 0.0004 0.28 166 0.42 0.50
(0.0165) (0.0048)

ApiIAUS — pplJA.UK 0.0472** 0.0086 0.28 115 337 6.39%*
(0.0197) (0.0058)

All Countries 0.0171* 0.0032 0.32 884 1.95 3.80%*
(0.0093) (0.0024)

Notes: Expected depreciation is measured using survey data on exchange rate expectations over a twelve-month
forecast horizon. ** *represent statistical significance at the 5 and 10 percent levels, respectively. i indexes the
industry exports. Data set includes 65 industries for each country, over the 1981-86 period. Equations estimated
using OLS. Standard errors are in parentheses.

dard errors in Tables 2a and 2b, as we
discovered that the standard errors calcu-

those reported in Table 2, but the standard errors were
large. On the assumption that the imprecision was at-
tributable to both measurement error in the data and
lags in response to exchange rate changes, we used two
averages of the data over two-year nonoverlapping in-
tervals.

lated using a heteroscedasticity-consistent
covariance estimate were smaller. Each table
gives regression results for six sets of relative
bilateral export price changes; the last set of
regressions combines all the individual bilat-
eral regressions.

There is no overwhelming evidence that
expected future depreciation influences the
degree of pricing to market. Nevertheless,
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the magnitude and sign of the estimates of
both coefficients have interesting interpreta-
tions in terms of our model, and may shed
light on the recent behavior of the pass-
through relationship.

The estimates of B, are not always the
same sign, but whenever they are statistically
different from zero, they are positive: higher
expected future dollar depreciation implies
increasing prices in the U.S. market relative
to other export markets. In the combined
regression, the point estimates are statisti-
cally positive at the 10 percent level. In
addition, the magnitude of these effects is
impressive. For example, the last point esti-
mate of B8, in Table 2a implies that, given
the current spot rate, a 1 percent increase in
expected dollar depreciation is on average
associated with an increase of about 4 per-
cent in the price of exports sent to the United
States relative to similar exports sent to
Japan and the U.K. Of course, if current
market share affects firms’ profits more than
one year into the future, then a 1 percent
increase in expected depreciation over the
next twelve months is likely to be associated
with a larger cumulative expected deprecia-
tion over a longer, more relevant horizon.
The estimated magnitudes of 8, in Table 2b
are similar to those in Table 2a. If the survey
data contain measurement error, however,
these estimates are biased in magnitude and
statistical significance toward zero.*

The estimates of B8, are usually more than
an order of magnitude smaller than the esti-
mates of 8;, and in only one case in fourteen
regressions is an estimate statistically differ-
ent from zero. We therefore cannot reject the
hypothesis that permanent changes in the
value of the dollar have no effect on the ratio
of export prices to different countries. The
standard errors are small enough, however,
that we can reject the hypothesis that there is
any substantial degree of pricing to market
in response to permanent exchange rate
changes. This suggests that fully permanent
depreciations are passed through into import
prices one-for-one.

**See Froot and Frankel (1989) for a discussion of
measurement error in these data.
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Estimates of the difference, B8, —B,, are
almost always negative and usually less than
—0.01: a completely temporary appreciation
of the dollar is associated with a rise in
import prices. The right-most column of Ta-
bles 2a and 2b tests the hypothesis that
B, —B,=0. In several cases, including the
combined regressions, this difference is sta-
tistically negative at the 5 percent level. In
the last regression of Table 2a, the estimates
imply that a 1 percent temporary apprecia-
tion leads on average to an increase of 4.4 —
0.3 = 4.1 percent in relative prices of exports
sent to U.S. markets. The corresponding
number in Table 2b is 1.4. These results
illustrate the case of perverse pass-through
we discussed above.

Naturally, one rarely sees such large ef-
fects in practice because most exchange rate
changes include a substantial permanent
component. In fact, our estimates in Table
2a imply that the combination of a contem-
poraneous appreciation of 3.5 percent and
an increase of 1 percent in expected depreci-
ation over the following 12 months would
leave dollar import prices constant.*> These
figures suggest that the 4 percentage point
rise in the real interest differential witnessed
during the 1980s would cancel the effect on
dollar import prices of the first 14 percent-
age points of dollar appreciation.

III. Conclusions

We have constructed a model in which
market share matters in order to study the
effects of exchange rate changes on interna-
tional pricing. We stressed that the return a
firm expects to earn on its current invest-
ment in market share is sensitive to the
expected future exchange rate. Thus we
found that foreign firms price more aggres-
sively in the domestic market, attempting to
gain more market share, when the price of
the domestic currency is expected to remain

“>The last regression in Table 2a implies that an
increase of 1 percent in expected dollar depreciation
raises dollar import prices by 4.37 percent, and that a
3.5 percent current appreciation lowers dollar import
prices by 3.5 +3.5(0.26) = 4.41 percent.
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permanently higher. Conversely, when a cur-
rent exchange rate appreciation is thought to
be temporary, foreign firms will behave less
aggressively, perhaps even raising prices de-
nominated in the domestic currency.

We also explored some tentative empirical
evidence that suggests a possible relationship
between the degree of pricing to market and
expected future depreciation. If producers
regarded each year’s appreciation during
1981-85 as more temporary than past appre-
ciations, our model suggests that the pass-
through of exchange rate changes into dollar
import prices should have been lower than
historical experience would predict. Indeed,
our empirical results suggest that if we were
to observe a purely temporary dollar appre-
ciation, it could conceivably be associated
with an increase in dollar import prices.
Expected depreciation may help in under-
standing foreign exporters’ decisions to raise
prices in the U.S. market relative to those in
other markets in the 1980s.

APPENDIX. COMPARATIVE STATICS

Expressions for the Cost and Interest Rate Effects.
Totally differentiating (3a) and (3b) with respect to
x=cf,cf, or A and writing 7y for (9%n'/dp’ dp*)

yields:
dnP
Tpp dp” + mpp dp 3; —8pD dx
anf
gp dp” + mEp dp M F dx,
hence,

apF @ 9 (9nF d [ onP
_p_=__ —F +pF\I/_ —D R
dx\ dp

apP ® 9 (anF 3 (dnP
=0 —
“ax P SF Y D |
x e dx\ dp dx\ dp

where @ = —eleD/A V=—af /A, of
pP =~ 7TDF/""DDv and A = TopTiE = WDF'”FFD

Note that pf and p? are the slopes of F’s and D’s
first-period reaction functions which with price compe-
tition are usually positive and, if the equilibrium is (as
we shall assume) stable, A > 0, so that the second-order
conditions imply @ > 0, ¥ > 0.

F F
= Trp /TEFs
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Now

d [on* d (anF aqF
Al 3 F| =3 F|l T F|=easF7>0
deg \ dp ap"\ I ap

in which ¢© is F’s first-period output and

a [anP
SFl55]=0
dep \ dp

so the first-period cost effect on pF

ap* aq*
o g <o,
dcy ap
The first-period cost effect on arises smeply from
D s reaction to F’s lower costs. It is — cf(apPrach) =
pPcf(3qF/apF)® <0, and so is typically of the same
51gn as, but smaller in magnitude than, the effect on p*.
Next, assuming that firms’ first-period demands do
not depend directly on their second-period costs,* the
second-period cost effect on p' is

Fop F ot [ 3 (dnf
- F=_CZ A—r | oF | oor )| ¢
dcy ap'\ de; \ do
3P ([ 3 (3=P
Mgl o7 55 ) ) )-
ap”\ dc; \ do

where ¢ =@, yF=pf¥, ¢ =pP®, and yP =V (The
second part of the expression arises from the fact that a
change in F’s future dollar costs affects the marginal
value of market share to D as well as to F). We expect
that an increase in F’s future dollar costs will decrease

the marginal value of market share to F, and increase
the marginal value of market share to D, that is,

3 (anf 0 a (omP
— | —= | <0< —| —,
s\ daf ack\ 3e?
and that the magnitude of the (former) own effect is
greater than that of the (latter) cross effect. Since

*$This assumption is not always justified. If con-
sumers’ first-period consumption decisions depend on
their expectations of second-period prices, then second-
period costs (which affect second-period prices) affect
first-period demands. In this case, additional terms in-

cluding
a [ dnf a [ dd’
— 7|7 )and ——%| —
dc; \ ap' dcy \ dp'

arise in the second-period cost effect.
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(da'/ap') <0, therefore, we expect
p

F D F
ap ap

- f—=<0and (2—F<L'2F—F,
dct dc,y dc)

at least around symmetric equilibrium.’

Finally, assuming that firms’ first-period demands do
not depend directly on the domestic-currency interest
rate,*® the interest rate effect on p' is:

ap' dmy [ daF anP [ daP
A== A —=| == ¢+ —5 V.
aA def\ apf ds?\ apP
These terms are unambiguously Fosmve if, as we ex-
pect, p” and p© are both positive.

Extension to Quantity Competition. In quantity com-
petition, p' represents i’s first-period quantity, so
(d6'/3p') > 0 and we expect p* and p? to be negative
(downward-sloping reaction functions) in the equations
above.

We can write the first-period cost effect on the quarm-
ties p? and p” more simply as ¢f® and pPcf®,
respectively, since ¢©'= p* in this case.

The first-period cost effect on p* is unambiguously
positive, as is the second-period cost effect on p*
if

3 (an* 0 d (dnP
——]<0<—|—=|,
ack\ de” dck\ 90P

as we assumed above, and p* <0.

The interest rate effect on p’ is negative, at least
around symmetric equilibrium. Thus, the signs of all
these effects are opposite to those in price competition:
exchange rate changes that induce more aggressive be-
havior (lower prices) from F in price competition also
induce more aggressive behavior (larger quantities) from
F in quantity competition. The interest rate effect on
pP is also typically negative (i.e., opposite to the sign in
price competition) but the first-period cost effect on p”
will be negative (the same as in price competition,

“In symmetric stable equilibrium, p®=p" <1 and
“BIf this assumption is not warranted, the interest
rate effect includes terms involving

d [ dnf d [ o
- and —| —
aA\ ap' aA\ ap'

in addition to those we derive.

““Even if p" and p? are negative, the interest rate
effects remain positive in any symmetric stable equilib-
rium.
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because reaction curves slope in the opposite direction)
and the second-period cost effect on p? is, as in price
competition, hard to sign.

Letting P’ be i’s first-period price resulting from the
quantity choices p* and p?, the effect of a proportional
decrease in x = ¢f, ¢4 or A on i’s price is:

P 3p aP! ap’ [ apP
ox T Yax ap' *ox ap’)’
i=D,F;i#j.

If products are homogeneous across firms in the first
period, this simplifies to

apP! 8p Bp
x— = = 1,
dx 8x ax

where f'<0 is the slope of the inverse demand curve.
Since the firms’ products are substitutes we expect

3P' 3P
— <0
8pf

Since we expect the cost effects on p® to be smaller
than those on p¥, if follows that the first-period cost
effect, the second-period cost effect, and the interest rate
effect on F’s price all have the same sign under quan-
tity competition as under price competition.
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