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In many markets, consumers who have previoudly purchased from one firm have (or
perceive) costs of switching to a competitor's product. This study explicitly analyzes,
in an international duopoly model with brand loyalty, the effect of rival exchange rate on
exchange rate pass-through.  In the case of the imperfect foresight, the exchange rate
pass-through is affected by the exchange rate uncertainty. Due to the brand loyalty,
current price decisions will affect future profits through market shares. The expected
future profit is affected by expected competition situations that depend on the interactive
movement of future exchange rates. [F31, F12]

1. INTRODUCTION

Since the advent of floating exchange rates, firms based in different countries
have faced notably large fluctuations in currency values. Exchange rate changes
are usualy perceived as cost shocks for a foreign firm producing in its home
country and selling in its export market. When the exchange rate changes, the
firm may choose to pass the cost shock into its selling prices; it is called exchange
rate pass-through (PT). In general, it is widely observed that import prices in
importer's currency move very little compared to movements in exchange rates
(incompl ete pass-through).

A number of authors have studied the underlying relationship between
exchange rates and prices of internationally traded goods trying to explain the
imperfect pass-through.  The theoretical explanations of incomplete pass-through
have emphasized the role of market structure and product differentiation. The
major contributions are Dornbusch (1987), Krugman (1987,1989), Baldwin (1988),
Baldwin and Krugman (1989), Dixit (1989a, 1989b), Fischer (1989), and Froot
and Klemperer (1989).

Although there has been much research on exchange rate pass-though, no
literature paying attention to rival’s exchange rate was found. The existing
exchange rate pass-through (PT) literature is based on an imperfect competition

"The author would like to thank Harvey Lapan and two anonymous referees of this journal
for helpful comments.
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model of aforeign firm and a domestic firm, including only a bilateral exchange
rate. However, if other foreign firms exist in the market, the foreign firm's
pricing behavior will be affected by rival country exchange rates. In the
international export market, an exporter may often face other foreign firms rather
than domestic firms as mgjor rivals. The substitutability between export goods
may be much higher than the one between an export good and a domestic good.
Then, rival exchange rate may give a significant effect to the firm's pricing
decision through strategic interaction. The importance of strategic interaction in
an export market was mentioned by Goldberg and Knetter (1997, p. 1265).

International economists typically impose the Armington assumption - i.e., they
assume that products within an industry are differentiated according to the country of
production. An extreme interpretation of the Armington assumption implies that goods
produced in different countries represent different markets. ... The competition from
these other sources is accounted for by including the prices of subgtitutes in the set of
demand shifters or rotators; but this treatment fails to capture the strategic interaction.

This study explicitly analyzes the effect of rival exchange rate on exchange rate
PT. The basic framework of this study is adapted from Froot and Klemperer
(1989)'s brand loyalty model, however, two bilatera exchange rates are
considered in this model, introducing the uncertainties.  First, section 2 shows the
effects of rival exchange rates due to strategic interaction. When the rival's
exchange rate moves in the same (opposite) direction with its own change, the PT
is magnified (minimized). If the change of rival’s exchange rate is in the
opposite direction to the change of the firm's exchange rate and relatively large
enough, the exchange rate pass-through is perverse even with elastic demand.
Therefore, considering rival exchange rates explains that exchange rate PT can be
both of greater than unity and perverse. In Froot and Klemperer (1989) and
section 2 of this paper, an unrealistic assumption, perfect foresight, is made.
However, in section 3, | drop this assumption and instead assume that the firm's
pricing decision must be made before future exchange rates (but after current
exchange rates) are known. Interestingly, with imperfect foresight we can see
that PT is affected by the covariance and variances of both its own and rival’s
exchangerate.  In section 4 some concluding remarks are drawn.

2. PERFECT FORESIGHT MODEL AND THE EFFECT OF RIVAL
EXCHANGE RATE

This study considers a two-period duopoly model with brand loyalty.® In
many markets, consumers who have previously purchased from one firm have (or

K lemperer (1995) explained and illustrated the different types of switching costs, or reasons
for “brand loyalty”, that consumers may face.
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perceive) costs of switching to a competitor's product, even when the two firm's
products are functionally identical. Examples of switching costs include the
learning cost incurred by switching to a new make of computer after having
learned to use one make, and the transactions cost of closing an account with one
bank and opening another with a competitor. Another kind of switching cost
arises when uncertainty about product quality makes consumers reluctant to
switch to untested products. These brand loyalties give firms a degree of market
power over their repeat-purchasers, and mean that firms' current market shares are
important determinants of their future profits. This model is a variant of Froot
and Klemperer (1989). However, in this model, two different bilateral exchange
rates are involved because each firm is based in a different foreign country.

There are two firms: a country j firm and a country k firm, which compete with
differentiated products in the export (say, U.S.) market.>  Own currency marginal
costs of producer j and k are g’ and g~ , respectively.® Consumers are
assumed to exhibit a certain brand loyalty. Demand and thus profits in the
second period depend on first-period sales.  Firms behave noncooperatively and
act smultaneoudly.

The export firms' problems will be:

Max O = (ejlpjl_gj)qjl(pjb o)+ g(ejzpjz _gj)qu(sj 1 Pj2s Pe)l (19

Max O% = (%pkl'gk)%(pjla Pa) +1 K é(%pkz -9")0, (S, Pj2: P)d  (1b)

where | ' = discount factor of firm i, e, = t-period exogenous exchange rates
defined in units of country i currency per dollar, pi; = price of good i in period t, g
= quantity demanded for good i in period t, S = market share of firmi in period 1.

The subgame of period two is solved first. In period two, the second-period
dollar prices are chosen to maximize the own currency second-period profits:

Max (5%: (€122 _gj)qu (Sj (Pj1s Paa)s P2 pkz)a (29)

Pj2

2Although the existence of domestic (U.S.) firms does not change the main economic points
that the PT is affected by riva’s exchange rate, we implicitly assume that the substitutability
between export goods is much higher than the one between an export good and a domestic good.

*The foreign producers home market is separated on the technological side and may thus be
neglected.
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Max 05 = (8oPic -9")de (S (Pys: P): Pz Pie): (20)

Solving the associated first order conditions for the problems in equation (2),
the second-period equilibrium prices are derived as functions of first-period prices,
second-period exchange rates and second-period own currency marginal costs.
The reduced form solutions are the followings:

Pj2= ij(pjl’pkliejZ’eKZ’gjigk)i (39)

Pe = Pe(Pj1, P €j2.82.97.9%). (3b)

In the first period, firms maximize the present discounted value of own-
currency profits by choosing the first-period prices.

Max O = (€;,pj, -9") 01 (Pj1, Pa) +1 ' OLES (Pi. Pia)s Pizs Pro- €l (49)

Pj1
Max 0" = (8 Pa -9")ka (Pia, Pia) +1 * O3 §5° (Piu. Pa). Piz: P s Bl (40)

where O!, = second- period own currency profits of firmi.
Thefirst order condition will be:

~ o ; Tay N ifo).

Oi= gl =+l =2=0, (54)
J Jlgﬂ Pj1 Jl ipjx ipjs

~ k

Ot =eu gkt py vy Sogt My 150 (5b)

e'ﬂ P P P
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It is assumed that 10} /1, = (10}, /18 )(1S/1p,) + (10} /Tp%) (TP%/Tp1)]
<0 holds; or the first negative term dominate the second positive term.
Therefore, firms choose lower prices than they would if market share had no
value. It is further assumed that the second order conditions for profit
maximization are fulfilled, and that the actions of the duopolists are strategic
complements, i.e. the marginal profit of an own price increase rises with a higher
price of therival: 120" /9p,Tpg, ° O} >0, i,s=j,k ils

To calculate the comparative static reactions for the changes of exchange rates,
we differentiate equation (5) and get:

1\' - . é. N C¥e) L 28k 0
dp, == Ok a(e/ - Ddey, - 0% 1 1 122 o) 1+ T2 fige
Dy e ip;.Te;, PaYe, g
(63)
o é. ©?ok .. . PO 0.
+0! q,(1-edg,+ 0! I ¢ 2 _OF 1! 2_(ide, v,
JleHa ! ! 8 Jk 1P T8e “ ﬂpjlﬂeKzg i;
1%~ €. . TP0% .., . 1?06 U
dpg = =10}, g (e -Dde, -&01 ¢ 2--O 1! - d
Prt D::: ii G (€1 - Ddey g i hales K DT €
(6b)
. . é. Y o) NN ©@oku. f
+0K q,(1-e))de,+ Ok | 2 Qi 2_pde,, V.
o B é g ip;.Te;, g PaYe2 g 12%

where D=0} Of -0, O >0 by astability condition, and €] = the elasticity
of first-period import demand for good i.

The third and fourth terms of equation (6) reflect the effect of rival’s exchange
rate change. If these terms are zero, the expression will be similar to Froot and
Klemperer's (1989). However, if the change of exchange rate comes from the
U.S. policy (e.g., an increase in the money supply in the U.S.), Cov(g, &) will be
generally positive, and the third and fourth terms will be significant.  Also, when
the change has its origin in rival country’s domestic policy, rival’s exchange rate
may change without any change of its own currency valuerelativeto dollar.  This
model suggests that the price may be changed by rival’s exchange rate even when
there is no change of its own exchange rate. A magjor and indeed important factor
for exchange rate PT has simply been missed. If rival’s (third country) exchange
rate is not considered, theoretical analyses are misconceived, and empirical studies
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are biased and inefficient.* Particularly, empirical tests based on a bilateral trade
and an exchange rate may face serious mis-specification problems if riva
exchange rate is not hold as a constant.

For a temporary shock (de, = de, = 0 or Cov(g, €2) = Cov(gs, &) = 0) the
comparative static issimplified as.

dpjl_ 11 ~ ' de}ag

- - Ok i eJ 'l +OJ l'ek —V, 7a
de, Dj i (€ -1 ik G ( l)dejl)l; (79)
dpg _ 1~ k deg | &« N

Ba- 2151 g,k -1) e+ 6k g, 1-el), 7b
de, D% i G (€ )dejl k dja 1))6 (7b)

If deq / dez > 0 (or Coviey, eq] > 0) and e),ef > 1 (< 1), the exchange
rate pass-through is more normal (perverse) than the case that we do not
consider the change of rival’s exchange rate. This also implies that pass-
through of greater than unity is possible in some case. More interesting is the
case of de / dej; < 0 (or Covlej, eq] <0). Theelasticity of first-period import
demand is no longer a necessary and sufficient condition for the “normal” PT of
a temporary exchange rate shock. For example, consider a case that €
increases by 10% and eq decreases by 20%. e/ >1 does not guarantee the
decrease of pj; due to the second term of (7a). While an increase of e; may
induce the firm to decrease pj1, the increase of p, motivated by the decrease of
&q may result in an increase in p;;.  Also, prices of the firm j and k do not
always move in the same direction.  If the relative change of g is large enough,
firm j may have perverse pass-through while firm k has normal exchange rate
pass-through.®> Even though the goods are strongly substitutable, we can
observe, in some level, that firm j decreases the price while firm k increases the
price of a good. Of course, this is related to an empirical issue. If the rival
exchange rate is hold constant as in an empirical test, perverse pass-through in
terms of exporters is not possible in the elastic demand area. Again, it
emphasizes that rival exchange rate should be considered in the pass-through
estimation. These results are similar for permanent shock.

*In some empirical studies, the effect of rival exchange rate is partially reflected by rival
prices (usually domestic price). However, there exists simultaneous bias problem because it
fails to capture the strategic interaction.

®If duopoly (or oligopoly) firms produce in an elastic area (better match with the duopoly
theory), Froot and Klemperer (1989) can not explain the perverse exchange rate pass-through.
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3. IMPERFECT FORESIGHT MODEL AND THE EFFECT
OF EXCHANGE RATE UNCERTAINTY

In Froot and Klemperer (1989) and section 2 of this paper, it is assumed that
the level of the exchange rate at successive instants of time are known (or
perfectly forecasted). While theories need simplifying assumptions, this is
unredlistic. Therefore, in this section, | will assume that a firm’s pricing decision
is made after current exchange rates are known, but before future exchange rates
are known. In the two period model, the events are as follows: g1, &1 ® pPj1, P
® €2 62® P pe; Wheneach flrm chooses pj; and pi respectively, they know
g1 and q but do not know e, and e.°

The export firms' problems (1) will be modified asin (8):

Max E[0’']= E {(ejlpjl_gj)qjl(pjlipkl)

Pi1: Pj2 € (Ba)
+11 geppp -9')a(S), P P

L\A%X E[0"]= {(eupkl _gk)qkl(pjl’ Pr1)

ki1 Pie €i2.6 (8b)

+1 X é(euple -9")g (S5, Pj2s pw)&-

In the period two, second-period dollar prices are chosen to maximize the own
currency second-period profits.  Thefirst order conditions are:

o) Tq

11TTD 2= equ12 ( i2Pj2 -9 )ﬂpjz (9a)
i2 j2
("jk

111“%2 = 6,00 + (80P - )“q“z - ()

Some careful readers may think that the problem of order and payment lags does not justify
this structure.  Although this paper does not deal with hedging issues, the existence of currency
futures market strongly supports this game structure. Indeed, whereas the short term futures
market is easily available and practical, long term futures market is not available or very costly.
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In the first period, firms maximize the present discounted value of own-
currency profits by choosing first-period prices. Using the envel ope theorem we
find the first-order necessary conditions:

TE[O] _ fa;,
€101 +(€1Pj1 -9 )
ﬂpjl 1M1 1M1 le
) (10a)
. é _ .
1 E e(ejzp]z-gj)ﬂqu 1S, Tz fiog O 0,
Gz % 8 gﬂs ﬂpjl ﬂp@ ﬂpjlm
ﬂE[OJ]_ ky 10
oy €0k * (8 Pia -0 ) ~
) (10b)
é
B Eeup, gl IS, T T

eizv%g §ﬂsk ﬂpkl ﬂpjz ﬂpkl éj
Finally we can get the reduced form solution of first-period prices as follows:”

p}l = Pi1 (ejl’ekl’ Ele;,]. E[g,].Var[e,],Var[g,],
_ _ (11q)
Cove;,.0l.g’ 9" 1 111 ),

Pa= P (€180, Ele,]. Elag], Var[e,], Vare,],
(11b)

Cove;, 601,970, 1 1,1%).

In the case of imperfect foresight, second-period exchange rates are not known,
and each firm'sfirst -period price decision relies upon the expected exchange rates,

7 p}l and p,, depend on the distribution of g2 and go.  Assuming that it can be captured by
the five parameters (E[g.], E[e], Var[g,], Var[e], Cov[gs,, &¢]), we can get equation (11).



EXCHANGE RATE PASS-THROUGH 49

and variances and covariance of exchange rates. Due to brand loyalty, a current
period pricing decision affects not only current profit but also future profit through
its impact on a market share. At that time, the expected future profit (or the
value of current market share) is effected by expected competition situations
which depend on the interactive movement of future exchange rates.

To obtain more precise results, | analyze exchange rate PT using an example of
Tivig (1996) in which demand functions are linear and symmetric in current prices.
This demand structure corresponds to the Hotelling model of differentiated
products presented as the “Linear City Case” in Tirole (1990, chapter 7.1.1):

1 i i1 —
CHZE' Pt PaP Q=0;+0,=1S _%—Cha

1

G,=S - Pt PeP Q=0,+0,=1Lis=jkils,

where Q; and Q, are the first- and second-period market demand, respectively,
normalized at one. For the first step, we obtain the solution of the second-period
prices:

e . U=-a .0 (12)
BP.d 36l 203 k+iu
B &
Then, using equation (12) we can get the solution of the first-period prices:
ué3-2b 2 u
eplu 162 bk 1- §b1ue 6 +Cjy §bC bjCIqulzl
Cum e aé g, (13)

y De Ue?"Zb 2
@pkl a gjl_-— b, 2- bJ HS +Cyt 9 b, Cy, - 9 bkCJZqJ H
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where D° 3-(2/9)(b; + b, ),C, ° g'/E[g,]: magind costin$, b;°1,(E[e,l/s;),
and ¢; ° E[ey/8,] (Ele,]/E[ey]).

Equation (13) shows that the change of exchange rates affects each firm's
pricing decision through [1] the change of dollar costs (Ci), [2] the effect on rea
interest rates (b)), and [3] the uncertainty effect (gi which depends on the
distribution of exchange rate). If costs adjust instantaneously, Ci; is independent
of exchange rates, and the cost effect due to the change of the exchange rate is
zero. If costs adjust only to the anticipated change of exchange rate, Ci; is
changed by the unanticipated movement in 1, while Ci; is not affected; that is, a
permanent shock where cost adjusts with a one period lag is comparable to a
transitory shock. Equation (13) aso shows that prices decrease as uncertainties
increase. In this study, the particular attention |s pald to the uncertainty effect on
exchange rate passrthrough Assuming | ' = 1 ¥ = 1 to simplify, we can get the
solution of first-period prices. Then, equation (13) can be modified as equation
(13)"

4 1 11, 2 ée, uu
62_ _ é' e.+-@ _gJ+_ k EAJ ,l:l
ep;, U 1@5% 26, €2-€1 gz 2 1372 g 9 &80 Hl] .
L U=—é Uga s o (13)
U

where D=((2/9)ej,-2e;,)((2/9)8,-284 ) - (29)€),-€;1)((2/9)§,-6) and &,=E[§,].
The E[eg,/e,] term depends on the distribution of exchange rate uncertainties.
For the further analysis, here | assume the random shocks of exchange rates follow
a b|var| ate normal dlstrlbutlon Then, E[eJ/eg] » E[az] (1 Heg]) + (Var[eg]/
E[es]’) —(Cov]e., es]/E[es]?) by Taylor extension.®  From (13)' we can see that

8First, assuming normal distribution, by Taylor extension we can get:

& 1= 1 A1 () Covig.ea] _1  Vala]
@ COV% ’EH_ E{(q i E[Q])(Q i ESEH)} - TEle] and2) Eeesu Ele] * Ele.]’

; . 48 1= A1 () &, 1] 1 Var[e,]| _Covig.&]
Using (1) and (2) we can get:. E€-0= E[g] EE U+ Cové, 20> E[q](m+ E[es]g) Sotaal.

Proof of (1): (g - Ele])(2- E&H) » (& - Ela)) (s - EEY+ (@ - Ela)) (- 525 (& - Ele)

+%(q-E[q])(E[es])(e Ele])’ Then,
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the exchange rate PT will be affected by the covariance and variances of exchange
rates as well as current own- and rival bilateral exchange rates and expected future
exchange rates. To illustrate, 1 show how the covariance and variance of
exchange rates affect the exchange rate PT.

PROPOSITION 1. For a temporary exchange rate shock, [A] If normal pass-
through prevails (or €} >1), around a symmetric equilibrium, (1) exchange rate
PT increases as the covariance of exchange rates increases; (2) exchange rate PT
decreases as the variance of rival’s exchange rate increases; and (3) exchange
rate PT increases as the variance of own exchange rate increases. [B] If
perverse pass-through prevails (or e;<1), around a symmetric equilibrium, (1)
perverse exchange rate PT decreases as the covariance of exchange rates
increases; (2) perverse exchange rate PT increases as the variance of rival's
exchange rate increases; and (3) the direction of exchange rate PT is ambiguous
asthe variance of own exchange rate increases.

PROOF: Inthis“Linear City casg”, equation (10) iswritten as

EOJ 2 1

ﬂﬂ[p ]— 11?; 2p;; + pk1—+gJ +1 ) E gejszz )Ee % (10a)
i1

E[OX ae 24l .

“ﬂ[pk e G 2t a1t E Jaoma-o)Fo (00

To caculate the comparative static reactions to a temporary change in the
exchange rate, we differentiate (10)' and get: Assuming deg = 0

E{(e - Ere)(2- £} »- 22+ E{(q - Eral) o - Hlal)] = - 252! because

e - Erel) (e, Ere)} = (£ da - Ele) (e -Ele)) e = £ - EleDe(e,- B

= Efi(e-El(e-Ela) )= Efie-Eal}=o
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<

€2 2 2e e, Yée1
édpjlfi'_ 1 29 &g e ™ g 12 ™ 3%‘5"’ 2, - pkl —de
edpklu D62 2_ _%. 0 lil
&9 —8, -6y 9 € i1 H@ ¢}

dp,, e e
pjl i1 _ 1 & _

Then, PT! = — q
de, p; Dxp, 89% 28, < ( ) i1
— & 085{1+2I0k1) -
_D?eﬂ exzé 2., b>0asel<l
M 1PT _Cnme 2 oZpkale (1+2pq) 20
fiCoVe;,.6,] D 8 9 (ijl)
_ejlo’°2 2_ 0 aPidPab -2 p11<0 d ot
—38 ekl'§ 2,'5 (Zpl) around symmetry.
|
1 pj | 2_ 06 g° 2.6, 9
Where p' , = ! = 11 He 5,2 Ze,z >O,
T A e 2){
co_pa 21t 2 69 & 2 06 .9 f
= = =8, = e, -—€ > 0.
P Cole, 0] DO1EX 9 gE,)? & 19 5 (e 2){

For symmetric firms, p;; » p, and p'y; » p'yy.  Then,

T1PT! e 2_ 062

_— —<O.
fCove,,60] DS 9% 2p;,)?
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j 2| X2 1+ xp"
@I =g, 2, 0 0 WD s sonaymimey
Var[e,] D g (2p;)°
TPa _ 1@, 50 020 &
Where o " 280+ ~5<0,
P ‘ﬂVar[eQ] D89 eKlfa9g (8)’
" ﬂ pkl - lﬁ_ 02 k éjz <
_ _1 62 0.
P ™ TVar[e,] D&9 @ % 7Y (8)°
_ qPT ian ép. y X 3 "
Thus, sign = SigN &P *2pjs - Piu(1+ 2pa)H> Obecause‘ pkl‘ < ‘ pjl‘ and

Tvar(e,]
2p;; < (1+ 2p,,) around symmetry.

i 20, X2, 1+ 2 X2
@ TPT_ :_1392 -ZeK 020 2P (14 2] %P1 5 g yrmetry.
Var[e,] D 8 9 (2p,)°
‘ﬂp-l _la 02 ;i &
Where pj;= ——— "8 =50 5 <0,
Pia TVar[e, " Dg g (82)’

l pkl la _ 02 j G
- - 2e,-—0g' <0
Pa= ‘ﬂVar[ D89 G2 ejlbgg (éjZ)S

T1PT!

Then, sign ———
Var[e,,]

= Sign §Py 2P - Pju(1+ 2P )H: we can not determine becatise
1PT! 20 as P <(l+2pkl)

|| Pia|and 2p;; < (1+ 2p). ————
Pl 2= (4 20) e 720 = 0,

1PT!

However, if ¢/ 3 1,————
fivar[e;,]
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i ~ 1 ~ 1
Ifel/31U _§+ 2i1-Pa*0U p;3 > around symmetry.

. w N - I - o] & _ o
Then, sign 2P, - Ppi(1+2 = signa2p,c—€,-2e,-(1+2 —€, -2, 4
an &Py X2p;j; P ( pkl)H g 82p1189 i Jlb( pkl)gg i 11%

2_ u
= sgn 8 2p;1€ - 5 —E,t ele <0. Q.E.D.

PROPOSITION 2. For a permanent exchange rate shock, (1) exchange rate PT
increases as the covariance of exchange rates increases, (2) exchange rate PT
increases as the variance of rival’'s exchange rate increases; and (3) exchange rate
PT decreases as the variance of own exchange rate increases.

PROOF:  For a permanent change of one exchange rate, a perverse exchange rate
PT in this model is not possible.’  To calculate the comparative static reactions to
a permanent change in the exchange rate, we differentiate (10)' and get: Assuming
dex=Oanddg, = de,,

. f®e1 16 7 2 &1 \Var(g,)® u

2 e 6 o oM k —(s%)‘ﬁejlﬂ

ejpjlu l%% Q<l J2 [i|' s 6 9 9 9 e% QQ % l:'
ue u

ip,d DeZ% 6o 26,20 0 82 @5, BNar(e,) | 2Cou(e, 8)B
89 9’ "0 &, § =2 =4 =3 =5

g5 g5 &5 %

e ® 7 2@ Var(g,)s U

i 8 G s, 2 &6 979 k(ég E;Q o 16+

Then,PT! "_J‘_S@%eﬂ‘géeg -2
€ P ? Pi1 -4

: ¢ e

9See Froot and Klemperer (1989).
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@ T1PT e 1%, -Z%‘?Zp'k & 2, 640"
Cove;, 6] meg ! 29 g9 125951-32@ "

o, 2, 6B T 2 =L , Var(e,) 80
- = S N -= =
% Ca 9% 69 P 99 —

£8e 8 zB
L& 2. 02 @Q 3g.Var (e;,) 2COV(eJ21q<2)dJ P
81’1 9 JZng g—z —2 =3 i1y
9 ejz ejz ejz M b

. ﬂpl 2 1 ~ 0 g 2_0 g P
Where p,, = ! = p Ze, x>0,
P Y Cole, 6] DOIE X 5% bE.) €795 e,y
c_ Tpa _21ae 2_ 6 g L B g_og 1"30
P g CoMe, 0] DO1E 95, & 9 5@, Y,

For symmetric firms, p;; » p, pJl » P9’ = g" ande; =6,=€,=86, |n|t|aIIy.
Then, the first [] term is negative. Next, we use the fact that (a) Var(e,) <&
from the assumption that g is a positive number and follow a normal distribution,
and (b) non-negative profit condition. Then, second [] term is positive.
Therefore, wecanget TPT'/ CoVe;,,6,]<0.

qpPT! e i _ oZg éla®5 2_ 6. .U
) = - -Zg, 28, -1y
( )ﬂVar[%] Dpjllg € - % 8689 €a 9%13 i2 H
% _g_ R 16 LI 2 @ Var(%)oo
; ekl ﬂgG 9 pkl g 9 éé ﬂﬂ

2 52 655 3ek2Var(e) 2Cov(e ,6,) 00 f
+6eejl 6129 gJ —2 —2 = —Jz _uDle

&t 9 3
eJZ €2 €2 I b
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e _1la2_ 02 €2

herep,= 1 = g og 0¢ 0,
TP Gvarle,]” D& T 507 (e,
__Tpe _la@_ 62 &
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Similarly with (1), wecan 1 PT'/ fVar[e;,]>0. Q.E.D.

These main results are due to brand loyaty and imperfect foresight for
exchange rates. The decision of current price influences future profit through
market shares as well as a current profit. The effects of exchange rate
uncertainty on pass-through depend on the curvature of future profitability on
future exchange rates. For example, for a temporary shock, the second period
profit is a convex function of own exchange rate.  With the switching costs, each
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firm may act as a monopolist in its first-period share of the market, and a
monopolist's profit is a convex function of its cost. Therefore, greater
uncertainty of own exchange rate increases the value of market shares, hence
lowers a current price to increase the market share. Likewise, for a temporary
shock, the second period profit is a concave function of arival exchange rate and
PT decreases as riva’s exchange rate uncertainty increases. A risk neutral profit
maximizer increases the PT and attacks the market when covariance between own-
and rival exchange rate is high. Intuitively, the firm will not hesitate to change
its price because a higher covariance guarantee a more stable or insured
competition condition in the future market. For example, ceteris paribus, if a
Korean firm competes against a Japanese rather than a German firm, the pass-
through is higher assuming that the won/dollar rate is more closely correlated to
the yen/dollar rate.

4. CONCLUDING REMARKS

If other foreign firms exist in an imperfect competition market, the foreign
firm's pricing behavior is affected by rival countries exchange rates through
strategic interactions.  This study explicitly analyzed the effect of rival exchange
rate both in the case of perfect foresight and in the case of imperfect foresight.
Although the assumption of perfect foresight is not realistic, it makes the analysis
easier and tractable. In section 2, my results add to those of Froot and
Klemperer's (1989). First, pass-through of greater than unity is possible in some
cases. It is shown that if the change of own exchange rate is in the same
direction with riva’s, the norma exchange rate pass-through is magnified by the
rival, and the PT can be greater than one. Indeed, some empirical studies have
shown that the PTs are over 100 % for some industries.’® Second, if the change
of own exchange rate is in the opposite direction to that of the rival’s and is
relatively small compared to the rival’s, perverse exchange rate pass-through
happens even with elastic demands.  Also, it is possible that the firm chooses a
perverse pass-through strategy even with a permanent exchange rate change.  If
duopoly (or oligopoly) firms produce in the elastic area (which is a better match
with the duopoly theory), Froot and Klemperer (1989) and Tivig (1996) can not
explain the perverse exchange rate pass-through.

In the case of the imperfect foresight, the exchange rate PT is affected by the
covariance and variances of exchange rates as well as current exchange rates and
expected future exchange rates. Due to brand loyalty, current price decisions will
affect future profits through market shares. The expected future profit is effected
by expected competition situations which depend on the interactive movement of
future exchange rates. Proposition 1 and 2 summarize how the interactive
movement of exchange rates affects the exchange rate PT.

10See Marquez (1991), Feenstra (1989) and Phillips (1988).
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Most importantly, this research emphasizes the importance of market structure
in exchange rate pass-through studies. The specification of market structure
changes the analytical form and also raises questions concerning the definition of
PT. Mog existing theoretical and empirical studies on exchange rate PT do not
pay an attention to the competition between goods that produced in different
source countries.

Much additional research needs to be done in this area. In particular, the
extension to an n-period dynamic game would be useful, and a general equilibrium
approach and cost structure with the consideration for stochastic functional form
of exchange rate would be more in keeping with the environment in which real
world firms must make decisions.
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