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Abstract

This paper investigates the incentives to commit price or retain price flexibility in a modd in which
exporting firms face different degrees of exchange rate uncertainty. The result shows that introducing
exchange rate uncertainty can lead to the endogenous emergence of an unique leader-follower
equilibrium; which firm emerges as price leader depends on the subgitutability of products, the
magnitude of exchange rate uncertainty and the cost structure. Our study may provide one explanation
asto why some exporters set price before the redization of the nomina exchange rates (“sticky price”).
The results imply exchange rate variability affects exchange rate pass-through.
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|. Introduction

The magnitude of exchange rate pass through is an important issue in the international macroeconomics
literature. In this paper we examine a partia equilibrium mode of endogenous price- setting behavior
which may shed some light on thistopic. In generd, if duopoly firms have upward-doping (downward-
doping) reaction functions, each firm will prefer to be afollower (aleader); thus, in aprice game, each
firm prefersthat the other firm isa price leader while it behaves as a price follower. It iswell known
that in this price game there exist two Nash-equilibria (leader, follower; follower, leader). However,
which firm will be the price leader is an open question. Neverthdess, thereisalarge indtitutiona
literature that documents the prevalence of price leader-follower behavior.® This study shows that
introducing exchange rate uncertainty can lead to the endogenous emergence of an unique leader-
follower equilibrium.

The recent literature on price leadership has identified a number of factors that facilitate the
emergence and identification of aleader, including afirm’srisk atitude, informational advantages, and
market shares. Holthausen (1979) developed amodd in which the mgor determinant of the identity of a
leader isthe firm'’ s attitude towards risk. Eckard (1982) and Rotemberg and Sdoner (1990) examined
the role of informationa advantages in generating price leadership behavior. Deneckere and Kovenock
(1992) focused on Size, as measured by capacity, as a determinant of leadership. Deneckere,
Kovenock and Lee (1992) applied the ideas of Deneckere and Kovenock (1992) by considering a
price setting game in which firms have loya consumer segments, but cannot distinguish them from price
sengtive consumers.

While Albaek (1990) and Spencer and Brander (1992) considered a quantity game, rather than

aprice game, with cost uncertainty and demand uncertainty respectively, their studies are more



comparable to this research, even though they differ in some important respects. Albaek (1990)
showed that a natural Stackelberg Situation exists (does not exist) both when the goods are substitutes
and when they are complements if quantities (prices) are the strategc variable. The firm that faces the
large variance of cost iswilling to be a quantity leader and reved their cost structureto therival. Thus,
under some conditions the other firm may prefer to be afollower because it can exploit this cost
uncertainty. However, Albaek's results rely on the assumption that information sharing is prohibited. In
our paper, even if information is public and prices are the drategic variable, a natura Stackelberg
gtuation may arise and hence results differing from Albaek's can be derived. Spencer and Brander
(1992), in the quantity game, considered the possibility of endogenous Stackelberg leadership with firm
specific margind cost uncertainty. However, in their paper the emergence of Stackelberg leedership is
not completdy straightforward or stable. Our results differ as we show, with exchange rate uncertainty,
that in the price game the emergence of Stackelberg leadership is completely straightforward.

This paper focuses on exporters from different countries who compete with each other inaloca
market. Each firm has the opportunity to move (set prices) before uncertainty is resolved, or to defer
etting price until exchange rates are known. The risk neutrd firm, in choosing its strategy, must choose
between the dtrategic benefit of committing price and the informationa benefit of maintaining price
flexibility so asto adjust to unanticipated exchange rate movements. Thus, we explore how exchange
rate uncertainty and asymmetries among firms may lead to the endogenous emergence of a price leader,
or to an equilibrium in which both firms maintain price flexibility. We show that the choice between
commitment and flexibility in setting prices depends on the variances and covariance of the exchange
rates, aswell as upon the substitutability between goods and the profitability of firms. Not surprisingly,

as exchange rate uncertainty increases, a least one firmislikely to adopt aflexible Srategy asa



dominant strategy, thereby leading to a unique Nash equilibrium. Under sufficiently high exchange rate
variability, both firmswill choose aflexible strategy as a dominant strategy and a unique Nash
equilibrium in which neither firm commitsits price will emerge. In this environment there will be large
exchange rate pass-through, as prices respond to actua exchange rate movements.

This paper, while partia equilibrium in nature, has implications for short-run exchange rate pass-
through studies and for macroeconomic models in which price-setting behavior is postulated?. Ina
recent paper Chari, Kehoe and McGrattan (2000) develop a genera equilibrium model of staggered
contracts in which firms dternately set pricesfor N periods. They usethismodel to determineif this
price-setting behavior can help explain the persistence of economic disturbances. Betts and Devereux
(2000) develop agenerd equilibrium moded with monopolistic competition in which an exogenous
fraction of firms, which set prices in advance, may price discriminate across international markets. They
use their model to study how this price setting behavior affects exchange rate volatility. While our paper
treats the exchange rate as exogenous, it endogenizes the price setting behavior, and thus may help shed
light on how macroeconomic aggregetes (eg., money supply variability) affect the fraction of firms
which st prices.

A more direct implication of this paper isfor exchange rate pass-through studies which use
disaggregated datain industries.  Although there has been much empiricd research on exchange rate
pass-through, there does not seem to be a literature that considers the role of exchange rate varidhility.
As exchange rate variability changes, short-run exchange rate pass-through may aso change as the
pricing strategy adopted by firms, and hence the game solution, is affected by the variability. If thefirm
chooses the role of price leader, exchange rate pass-through (PT) is zero due to this pre-commitment.®

Thus, the exchange rate PT with price leadership will be less than under aflexible Bertrand model.



This paper is organized asfollows. The basic model and game structure are presented in
section 11, In section 111, the Nash-equilibrium, which depends on variances and the covariance of
exchange rates, is derived, while section |V reports sSmulation studies. Section V discusses the

implications for short-run exchange rate PT and presents concluding remarks.

. The model
Condder a heterogeneous duopoly in which firms use price as the Srategic varidble. There are two
firms, one from country i and one from country s, which export differentiated goodsi and s, respectively,
to athird market (the U.S.) *. For smplicity, we assume the firms are symmetric except for exchange
rates and marginal production costs. The demand function for good (firm) i is g, = a—bp, + cp,; where
p, isown priceand p, isriva's price, both in dollars. Goods are assumed to be substitutes (c>0).
Each good is produced with constant marginal cost d, , as measured in the home currency of each firn.
Each firm's profit, in home currency units of the producer, is P, =(ep, -d;)@ - bp, +cp,) , where
its;and e istheexchangerate, defined as units of country i currency per dollar. We assume dll
parameters are positive, that b >c (i.e., own price responsiveness of demand is higher than the cross
price responsiveness), and E[ e ] isnormalized to one. We abstract from the shut down option and
assume both firms aways produce positive output. The firms are risk neutral and act to maximize
expected profits.
The question we focus on is when firms set their prices. Thetiming of decisonsis as follows.

In stage 1, before exchange rates are known, each firm, acting smultaneoudy with the other firm, can
choose either (1) to irrevocably set its price, or (2) to walit to set price until the exchange rates are

known. In period 2, after the uncertainty is resolved, the remaining decisons are made. If both firms



have st pricesin stage 1, no further decisons are made, and sales occur. I only one firm has pre-
committed its price, the other firm choosesits (follower) price. If neither firm pre-committed its price,
firms (Smultaneoudy) choose their ex post (Bertrand) prices.

Our definitions follow those of Spencer and Brander (1992). If both firms pre-commit price
before the uncertainty is resolved, the price equilibrium will be of the Bertrand type. We refer to this
case as the *committed Bertrand’ regime. If both firmswait to set price until uncertainty is resolved, the
price equilibrium aso will be of the Bertrand type but with redlized exchange rates. Werefer to thisas
the ‘flexible Bertrand’ regime. If one firm commitsits price before exchange rates are reveded, while its
rival chooses price after exchange rates are revealed, then sequentid rationdity implies that the price
equilibrium will be of the Stackelberg price leader-follower type. Thefirmsarereferred to asthe
committed leader and the flexible follower, respectively. Four cases may happen because each firm has
two options (commit and flexible).

In order to determine which strategy each firm will choose, we must derive and compare the ex
ante expected profits for each case. In order to do so, it isfirst necessary to derive the behaviord rules
each firm pursues for each of the four cases; for the sake of brevity, we merdly sketch how these rules
are determined, and summarize them in atable.

The ex ante expected profit for each firm, as stated earlier, is given by:

E(P,)=E{(gp -d))@- bp +cp)};  sti (1)
where the ex ante expectation is taken over the exchange rates, given the price rules as derived below.
The optimd price rule for firm i depends upon that firm'sinformation set - i.e., whether the exchange
rate is known when its priceis set, and whether firms setsits price after firm i setsitsown price. If

firmi setsits price after the exchange rate is known, its optimal pricing ruleis®:



(ﬂPi/ﬂg):{a+(bdi/q)+cps- 2bpi} =0 2
For this case firm i's optima price depends upon the realized exchange rate for its home
currency and (its beliefs about) the price charged by firm s. The case in which both firms maintain price
flexibility is obtained by smultaneoudy solving equation (2) and a comparable equation for firm s. This
flexible Bertrand equilibrium is shown as the third row in Table 1.
For the case in which both firm i and firm s follow a commitment strategy, the FOCs are smilar

to (2), except exchange rates are not known when prices are set; hence:
E(ﬂPi/ﬂpi):E{ega+(bdi/q)+cps- ZbP.E}ZO (©)
Using asymmetric equaion for firm s, and solving smultaneoudy, yieds the equilibrium strategies when
both firms commit their prices. This committed Bertrand equilibrium is shown in thefirst row in Table
1
The remaining two cases are when one firm commits to its price, while the other maintains its
flexibility. Toillugtrate, assumefirm s maintains price flexibility, so its best response function is given by
(2) (oncei and s areinterchanged in the equation). Firm i, when it commitsits price, does not know
the exchange rates or the actua price set by firm s, but it does know the price rule thet firm s will use.
Maximizing expected profits for this case yidds the following FOC for firm i:
E(TPi/1n)=E{(ap - d)-b+c(fb./Tn)) +&(a- bp +cp,) =0 where “)
p.={ga+b(d/e)+p/20}:  (Tny/T)=(c/2b) (5)
Substituting (5) into (4) and smplifying yields the equilibrium price Srategies when firm i
commitsits price, while firm s maintains price flexibility; thisis shown as a Stackelberg leader-follower

casein Table 1. Notethat the optimd price strategy for the committed firm (the leader) depends upon



the covariance between the exchange rate for its home country’ s currency and the reciproca of the
exchange rate for the country from which the other firm comes. Throughout this paper we maintain the

assumptionthat E(g) =E(e,) =1.

{insert Table 1 here}

Subdtituting these solutions back into the profit function, and taking expectations, yields each
firm's expected profit for each of the four cases. If both firms commit their prices, then expected profits
will depend upon only the expected exchange rates (which are normalized to one). However, if at least
one firm pursues a flexible strategy, then both firms' expected profits will depend upon the joint
digtribution of the exchange rates, aswdl as upon the higher moments of each exchangerate. To
illugtrate, congder the Stackelberg leader-follower case, where firm i commitsitsprice, but firm s
mantains flexibility. Redlized profits for the committed firm (i) vary directly with g but inversdy with
e, (throughitsimpact on p,). Since p, depends upon E( e/ Q) , it follows that the expected profits
for the committed firm will depend upon this expectation (and its square). For the flexible firm (s),
expected profitswill depend upon E(Y/e,), aswell as E(e/¢), sinceitsex post price varies
inversaly with the realized exchange rate (&,) .

The expression for expected profits for each firm is quite tedious; to emphasize the role played

by exchange rate uncertainty, we define the following terms:
R°((¥g)-1) R°E(R); N°°Ege/e)-1 S°El(e/e)-1; its (6)
Giventhat E(g) =E(e,) =1 notethat R° = N° = § =0 under certainty. Thus, the magnitude of

these terms will illustrate how uncertainty influences each firm's optima strategy.



For notational smplicity, we define these parameters: f, © (a/bd,), d ° (¢/b), and
n? ° (dg/d,). Theparameter d approximeates the substitutability between the two goods, while n

reflectsrelative costs. It is useful to express equilibrium pricesin terms of the “mark-up” over margind
costs; thus, we define: X, © ([ p, - d]/d)". Using these definitions, equilibrium prices and expected

profits for each case are reported in Table 2,
{insert Table 2 here}

Thereaults of the Table are read asfollows. The first and last rows of the Table show the
actud price, and expected profits, for each firm in the case when firms move smultaneoudly. The case
when one firm commits, and the other adopts a flexible price strategy, is shown in the row labeled
“Stackelberg Leader-Follower”. Thefirst linein this row shows the price, and expected profits, for firm
I, which commitsits price (the leader), whereas the second line shows the actual price, and expected
profits, for the flexible follower, firm s.°

Under certainty, the "two" Bertrand cases are identical, as the Table shows. Comparing the
solutions for the leader-follower case to the first and last rows, the standard results under certainty are

confirmed: provided the two markets are linked (d >0), then: (i) both firms charge more in the leader-
follower game then in the Bertrand game ( X-F > Xt and X5 > x5t); and (ii)both firms earn higher

profitsin the leader-follower game than in the Bertrand game. In the rest of this paper we explore how

the introduction of uncertainty dtersthis result.

[11. Nash-equilibrium and price leader ship



Asiswdl known, in the price game under certainty neither firm has a dominant strategy; if ether firm
were to commit to its price, then the other firm would adopt a flexible strategy. Thus, there are two
Nash equilibria, with one firm leading and the other following. Further, under symmetry each firm
prefers the equilibrium in which it is afollower. However, under exchange rate uncertainty, the best
response of one firm to the other firm's decison to “follow” may be dtered by the potential benefits of
deferring action until the exchange rate is known. Consequently, exchange rate uncertainty may help
identify which firm emerges as the leader and thus lead to a unique |eader-follower Nash equilibrium, or
it may even lead to an equilibrium in which both firms choose to “follow”. In this section, we study how
the Nash equilibrium (or equilibria) is dtered by changes in the joint distribution of the exchange rates.

From Table 2, it isclear that if firm i chooses*commit”, firm S's best responseisto be a
“flexible follower” (i e EP THERP H) . Thisresult, true under certainty, is reinforced by the
uncertainty as— given price commitment by theriva firm — delaying action until the exchangerateis
known raises expected profits. Thus, the crucid issueiswhet the firm's best response iswhen itsrival

adopts “flexible follower” asadrategy. Under certainty, if firm s chooses “flexible follower”, firm i’s
best responseisto lead: i.e., ([P SRS PR ) Since exchange rate uncertainty increases the
vaue of waiting, it may dter the firm’s best response. I, despite the uncertainty, each firm'’s best
response to “follow” isto lead (E[ PLF]>E[PFF] ),then there are till two “leader-follower” Nash
equilibria However, if firm i’ s best response to “follow” isto not commit prices

(i e, E[PFFI>E[P 7] ) ,thenfirm i’ s dominant strategy is to not commit prices and a unique

Naeh equilibrium will emerge™.  Thus, we need to compare E[P FF ] to E[P,"*F] and E[P /7]



to E[P "] . Asthese expressons aretedious, we represent this difference symbolicaly in the text;
Appendix 1 gives the actua expressions™® From Table 2, we caculate the following:

ELP 71~ ELP 1 =bd{- A, + AR +[- AN+ A (5= 2N7) - AN + A (R- NI} ()
where dl of the parameters A, are non-negative, and the impact of uncertainty isreflected in theterms:
R®,R:, N° and S°. All terms except the firgt vanish under certainty and thus, under certainty, or
sufficiently small exchange rate voldility, wemust have E[ P ,*" ] >E[P 7" ]. Ontheother hand, dl
terms except A, arezerowhen d =0, s0 that when there is no interaction between the firms,
E(P~")>E(P 7). Thus “fledblefollower” ismost likely to emerge as adominant solution when

the market linkages are amdl or the exchange rate variability islarge.

For further analysis, we assume the exchange rates follow a bivariate log-normd distribution.

Under this distribution, R =V, , N¢ ={(V, - C)/(1+C)}, and S ={g1+V,)*/@+C}y- 3, where

V. =Var[g], V,=Var(e,) and C=Cov[e e ].** Subdituting these expressonsinto (7) yields

2

il oAy A BCO, ) MO OO g, s
Di_bdi% A TR E’+A3i§ (1+c) 5 Aervcy TME1ec %(8)

where D :{E(PiF’F)- E(P )} The sign of equation (8) determines whether “fallow” isa

dominant srategy for firm i; asmilar expresson determines whether “follow” isadominant strategy for
firms. Since demands are symmtric, the two firmswill adopt different Strategies only if ether the
variances of their respective home country’s currencies differ or if their production costs differ.

Intuitively, we might expect the firm with lower cogts to emerge as the unique leader as volatility

10



increases, sSnce thisfirm earns higher profits and thus has the most to lose from aflexible Bertrand
solution. Similarly, we might expect that the firm that comes from the country with the more voldile
currency would vaue the flexible strategy more, and thus be the firm thet is more likely to have “flexible’
asadominant dtrategy. However, these “intuitive conjectures’ cannot, in most cases, be directly
confirmed because equation (8) is nonlinear in V,, because the parameters ( A, ) are nonlinear in costs,
and because of the interactions among the variables. Simplification is needed to derive andytic results.
Firgt, consder the case where both firms come from the same country (or currency areq), so

that V, =V, = C. Under this condition, equation (8) reduces to:
D =bd’{- A +(A +A+A NV} D=bdi{- A+(At+ At A )V} ©)
Proposition 1. Assume both firms come from the same currency area and that the exchange rate is log-

normally distributed with variance V. Let firm i denote the low cost firm and firm s the high cost firm.

Thenthereexist V| >V, >0 suchthat: (i)for V <V, , there are two |leader-follower Nash equilibria;
(ifor V1 (VS* AVA ) there is a unique leader-follower Nash equilibriawith the low cost firm as the price

leader; and (iii)for V >V, thereis a unique flexible Bertrand solution.
PROOF: See Appendix 2.

Thisresult confirms the intuition thet if there is a unique leeder-follower equilibrium, the leader is
likey to be the low cost firm. However, if exchange rate variances dso differ, the nontlinearity and
interaction among termsin (8) make it impossble to derive andyticd results.

To amplify, assume for the rest of the paper that the two firms have the same cost Structure

(d =d,® h, =1), so the parameters do not vary acrossfirms (A, = A, m=0,...,5). Also,

11



assume for now that the covariance between the exchange rates is zero. Under these assumptions,

equation (8) becomes:

D :bdz{- Py AV AV (A (1+3V, +V7)- A, - AuVs)} ° U +UL(V,)+ULV,) (10)

Equation (10) congsts of three effects. As earlier, the first term (U, ) showstheincressein
profits, under certainty, of committing price when the rival firm chooses price flexibility (i.e.,

-U, =(P}F - P77 ) under certainty). Thesecondterm (U, ) shows that the differencein expected
profitsislinear in the exchange rate variance of the firm’s home country currency, while the last term

( US) revedsthe (strictly convex) effect of the exchange rate variance of the riva firm’s home country
currency. Thefactthat {E[ P71 - E[P ~"] } increases with these variances meansthat as
volatility increases the vaue of retaining flexibility aso increases.

Equation (10) appliesto both firms (i, s). Notethat U; =US =U, if costs and demand are the
same. We know each firm wishesto follow, given that the other leads. Thus, “ flexible” isadominant
strategy for firm i if, and only if, [U}, (V. )+U(V,)]>U,. Similaly, “flexible” isadominant strategy
for firm sif, and only if, [U;(V,)+U5(V;)]>U,. The comparison of these expected values indicates

that there are four possible solutions that might emerge.

Proposition 2. Assume exchange rates are log-normally distributed and uncorrelated, and thet costs
and demand are symmetric; then:
() ifMax{U,(V,) +UL(\),U5(V.) +U (V)] <U,, there are two Nash-equilibria (commit, flexible;

flexible, commit), the same result asin a standard Bertrand duopoly game.



(i) if ng(\/S)+U3S(Vi)H<U1<gu‘2(\/i)+ui3(\/s)l§|,then E[P F]1>E[PF] ad
E[PLF1<E[PL']. Thus firmi hasflexible asadominant strategy, and firm s's best responseis
to be apriceleader. A unique Nashequilibrium (flexible, commit) results

(i) i @I3(v,) +US(V)F>U, > @5(V) + ULV, ), then E[PFF]< E[P ] and
E[PIF]>E[PL"]. Thus firm s hasflexible as adominant strategy, and firm i’s best response is
to be aprice leader. A unique Nashequilibrium (commit, flexible) results.

(iv) if Min[UL(V,) +UL(W),U5(V.) +U3(V.)] >U,, both firms have flexible as a dominant strategy,

and a unique (flexible Bertrand) Nash-equilibrium (flexible, flexible) results.

It isintuitive that increased exchange rate variability in either currency increases the vaue of
deferring action for both firms. Since firms are otherwise dike, the only potential source of asymmetric
behavior isif exchange rate variances differ. What is not intuitive is the possibility that increased
exchange rate variability in one currency (e.g., country s's currency) may have abigger impact on the
firm from the other country (firm i).  This possibility arisessince E[P 77 ]- E[P -] isanonlinear
(gtrictly convex) function of country S's exchange rate variance, whileit isalinear function of itsown
country’ s exchange rate variance. Due to this nonlinearity firm i may be more affected than firm s by the
variahility of country s's exchangerate. Thus, somewhat paradoxicdly, the firm from the country with
the stable exchange rate may emerge as the one that has “flexible” as a dominant srategy, rather than
the firm that comes from the country that has high exchange rate variability. We show this casein

subsequent smulations.

13



How large exchange rate variability must be to make flexible adominant strategy depends on

the degree of subdtitutability (d ) between the two goods. When d issmal, the strategic interaction

between the firmsis relatively unimportant, and thus the value of “committing”, given that the other firm
has chosen “flexible’, issmdll. Thus, withamdl d , “flexible’ will emerge as a dominant strategy for
both firms at rdatively low levels of uncertainty. However, when d islarge, the strategic interaction is
more important and higher levels of uncertainty are required to dlow “flexible’ to emerge as a dominant

drategy for even one firm.

V. Simulation and sengtivity

Proposition 2 states that exchange rate volaility may ater the Nash equilibrium that emergesin the
price-setting game. However, the complexity of the expresson makesit impossible to determine
andyticaly which of the cases mentioned in Proposition 2 are most likely to emerge. To provide amore
definitive analys's, we report some smulationsin this section. We anayze each of these four cases and
discuss how the likelihood each case will occur is affected by the covariance term.

Turning to our Smulations, Figure 1, which is drawn under the assumptionsd = 0.9, Var[e,]
=0, and costs and demand are symmetric, shows four regions. The horizonta axis representsthe
“mark-up” ( X=")", while the vertical axis represents Var[e]. Inthe area above (below) the thick i
line, E[P ] ishigher (lower) than E[P ], astheii lineisthelocussuchthat E[ P 7 ] equds
E[P,“"]. Smilaly, inthe area above (below) the light ssling, E[P "] ishigher (lower) than
E[P £]. Naturaly, ahigher variance increases the value of aflexible strategy. Each of these areas

corresponds to the four cases outlined in Proposition 2; in particular:

14



Area (a): two Nash-equilibriaexigt, as under certainty; thisis the area below both lines.
Area (b): firmi, whose exchange rate is varigble, has “flexible’ as a dominant srategy yielding the
unique NE = (flexible, commit); thisis the areaabove theii line and below the ssline
Area(c): firm s, whose exchange rate is stable, has “flexible’ as a dominant strategy, yidding the
unique NE = (commit, flexible); thisisthe areabelow theii line and above the ssline
Area (d): both firms dominant Srategy is “flexible’, yielding the unique NE = (flexible, flexible); this
is the area above both lines.

{insert Figure 1 here}

Toillustrate, assume Var (g ) =0, and consider an industry in which goods are close
substitutes and the monopoly power is limited {d =09, Xt = 0.4} . If Var[e ]<0.079, two NEs

exid. If 0.079<Var[g]<0.129, firmi will be aprice follower and firm swill be a price leader, while
for Var[e ]>0.129 nether firm commits. However, in amore profitable (higher mark up) industry,

which has larger benefits from maintaining one firm as the price leader, we find that larger variances are
required to induce a dominant strategy equilibrium, and that area (c), rather than area (b), emerges as
the unique leader-follower equilibrium. Thus, somewhat paradoxicdly, the firm which first emerges as
having “flexible’ as a dominant strategy is the one whose exchange rate is sable, not the firm that faces
the exchange rate variability™.

Not surprisingly, increased exchange rate voldility increases the profitability of maintaining price
flexibility. What Figure 1 showsisthat in less profitable (low demand or high cost) indudtries, the firm
that faces the volatile exchange rate has ardatively stronger preference for maintaining flexibility;

whereas in more profitable indudtries it is the firm that faces low (or no) exchange rate voldility thet has

15



the rdatively stronger preference for maintaining flexibility. Thus, in rdatively competitive (low profit)
industries the price leader is more likely to come from either the home country or atrading country
whose exchange rate varies little, whereas in more profitable industries the price leader is more likely to
come from atrading country whose exchange rate variahility is high.

Numerica smulations can demonstrate how the areas corresponding to each NE change as

factorssuch asVar[e,], Cov e, ] and d change™ Asd (the substitutability between goods)

decreases, the significance of the drategic interaction diminishes, and hence “flexible’ emergesasa
dominant strategy at lower variances. Moreover, the reduced interaction between firms means that
increases in the variance of country i’s currency has a more powerful effect on firms from that country
than on other firms. Thus, for low d the likdihood of an equilibrium in region ¢ (in which the follower is
the firm using the more stable currency) vanishes.

Given d , as the variance of the more stable exchange rate increases, the ssand ii lines
approach each other.®®  Not surprisingly, the region over which flexible is adominant strategy for both

firmsincreases (aread), while other areas (a, b, ¢) shrink. Given the variances, when the covariance
between exchange rate movements (Cov[ e, &l ) increases both the ssand theii lines shift downward,
increasing the likelihood of a dominant strategy "flexible’ Nash equilibrium.  Since firms have upward
doping reaction functionsin the price game, it is naturd thet increasesin Var[e,] and/or Co\ e, &]

make aflexible drategy more vauable, and that the smdler difference between the two variances
shrinks the leader-follower equilibrium area.
Some generd conclusions can be drawn from thisandyss. First, asymmetric exchange rate

uncertainty can lead to the endogenous emergence of a unique leader-follower equilibrium (areas (b)

16



and (c) inthefigures). Thisequilibrium ismogt likely to emerge when one exchange rateisfairly sable
and the covariance between the exchange rates is reaively low. Note, however, that the price leader
need not be the firm that faces the lower exchange rate variability (i.e., the follower is not necessarily
from the country with higher exchange rate varigbility). If goods are close substitutes and profit margins
are large, then the price leader may be the firm that faces the larger exchange rate variability. Findly, if
both exchange rates are highly volatile, or goods are not close subdtitutes, then a dominant Strategy

(flexible, flexible) solution emerges.

V. Conclusion
We have studied a price competition game in which exchange rate uncertainty may lead to the
emergence of aunique Nash equilibrium. This result occurs because exchange rate uncertainty may
cause one, or both, firmsto adopt price flexibility as adominant srategy. Since these firms adjust their
prices to redized exchange rate movements, our results might have implications for short-run exchange
rate pass-through. The partid equilibrium nature of our modd (in which exchange rates are exogenous)
may mean the contribution is most applicable for exchange rate pass-through studies that use
disaggregated data in industries, rather than for more aggregate studies or generd equilibrium modes.
However, it is possible that the ingghts from this paper may be gpplied to some generd equilibrium
macroeconomic modds, such as those in which the share of firms that commit price has heretofore been
treated as an exogenous parameter.

The implications of this sudy for pass-through include helping to identify the types of firms that
are likdy to adopt flexible pricing srategies, and hdping to identify markets in which both (dl) firmsare

likely to adopt flexible pricing as asrategy. For example, we have shown that, ceteris paribus, high
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cost (low profit) firms are more likely to choose price flexibility, so we would expect short run pass-
through to be larger for less profitable (perhgps smdler) firmswithin an industry. On the other hand,
very profitable (perhaps larger) firmswill be less likdly to pass through unanticipated exchange rate
movements."®

Smilarly, we have shown that price flexibility islikely to emerge as adominant strategy for both
firms when (both) exchange rates are volatile, when profit margins are smdl, when goods within the
industry are not close substitutes, or when the exchange rate covariance is large. Exchange rate pass-
through will be largest in such markets not only because each firm will respond to redlized exchange
rates, but because — due to the interaction between (or among) firms - the price response of each firm
will lso belarger. This happens because, in the leader-follower solution, when the follower (eg., firm
i) adjustsits price to the redlized exchange rate it treets the other firm'’s price as given, whereas in the
flexible Bertrand solution firm i incorporates the anticipated price response of the other firm to the
redized exchange rate. Since the reaction curves dope upward, both firms adjust price in the same
direction, leading to greater price movements for both firms than in the leader-follower equilibrium.
Thus, dthough the modd sructure is the same, the equilibrium exchange rate pass-through depends on
which solution prevails (and hence on factors cited above). Findly, note that changesin the (perceived)
exchange rate volatility may produce a structurd bresak in the observed pass-through relationship, asthe
new (game-theoretic) pricing solution may differ from the historic pricing relaionships.

Naturdly, there are limitations to the andys's. Our results were obtained assuming linear
demand functions, congtant marginal cost and risk neutrdity. Incorporating risk averson would be likely
to increase the desirability of “flexible’ as a strategy, and hence increase the frequency of pass-through.

While the introduction of nonlinear demands or non-constant costs would change the quantitative results,
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the basic economic point we are making is unlikely to change. On the other hand, it would be useful to
extend the andysis to more than two firms, and perhaps to a dynamic andysis that incorporates the

possihility of entry and other dynamic consderations.
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Appendix 1: Definition of Parameters used in Text

Fundamenta Parameters:

a >0 Demand intercept
b >0 Absolute value of own price responsiveness of demand (=(- g, /)
c >0 Cross price responsiveness of demand (= (1q /1. ))
d>0 Margind Cogt of firm i, inloca currency units
Congtructed Parameters:
d° (¢/b) <1 measures the substitutability between goods
f, © (a/bd,) measures strength of demand (choke price if no substitute)
h, °\/d./d, measures relaive costs of firms

X;° ((p - d)/d) messures monopoly power (actual value depends on game solution)
Parameter definitions for equation (7) of text:
o) - )
A (o= fa- ) >0
A, ° (d°Xh2/4(2- d2)(4- d2))2 0
A © (dn/(4-a2) ) 0
A (dhi/8(2-d2))2 0
A, ° (dhf(s- ad? +d*)/2(4- d2)2)3 0



Appendix 2. Proof of Proposition 1.
From equation (8), assuming V, =V, = C,we have:
D =bd?(- A +V[A + A +A]): D=bd’(- A+ V[A + A+ AL) (A)

Define V' st. D( ) OandV, st. D(V) 0
Using the definitions for theterms A; and solving yields

_gajod)(2+d) (dd/d (2- a2y ga/b)(2+d +dds-(2-d2)di82 o
’ §2-d2)+(ddy/d ) +(ddu/2d )8 §2- d?)d? +(dd,)’ +(dddu/2)}
where u° (8- 4d*+d*)>0. By ymmetry:

_ ga/b)(2+d)+ad, - (2- ), s
" g2- d?)d2+(dd ) +(dddu/2)l
Let e° (d,- d,)® d, =(e+d;). Subditutinginto V' and V. and taking the ratio yields:
o &g y Uad?+bed+e?(2-d?) Y
& u_ga @a/b)(2+d)+de- (2+d)(1-d)d e I 00 (ng
Vel -y £ 12 242y U
&s U ada/b)(2+d)- (2- d?)e- (2+d)(2- d)du ge gd’+bed +e'dy ¥
dug 2 duo dug

where a = 2-d “rd2+ =0 b, =5(2- d 3 g%+ — == b, and theinequali

2= 25 ey R Ry ey

isgrictif d <1. From (A4) it isreedily verified that:

GV_LJ‘l ase= 0 But V' >V, impliesthat D <0 a D, =0. Thus assuming d >d,, for V <V,

there are two |leader-follower Nash-eqilibria; for V. <V <V,", there is one Nash |eader-follower
equilibrium, with the low cost firm being the leader; and for V >V, both firms adopt aflexible price
drategy as the unique Nash equililbrium.
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Price
Committed Bertrand L _ 2ab+ac+2b’d, +bed, i1s
(p.p. > &) |P A7 - &
L a(23+c)+(2b2— cz)q +bed, E(e/e) .
s&kfddble’g |eader- Y 2(2b2 _ C2) !
owe L,F
(R > ee > p) |pr=2"F ;bb(dS/eS)
Flexible Bertrand 2b%d, . bed,
N 2ab+ac+ L+
(Q,es pi ’ ps) p.|:’|: — Q % . | 1 S
i 4b2 _ CZ '

Tablel. Equilibrium pricesfor each case
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Expected profit

Mark-up
CCémTlttedd XL,L _ f : (2+d) +dI]2 +d2 -2 E[P:_,L] — (miZ)(xiL,L)Z
ertran o= AP
LF _ yLL, o LF N 5 N
Sakebag | E[PFF1=E[PH 1+bd’ f by (5 )+ by (X NS +NC - Fge)g
Leader - firmi | X-F = x5t + by s oF +% I
i 4 Y éo LL F doy LL LF
Follower -firm EEPLTYI=E @5 ivbaZ{ by s - gXbt +by s 7 +(RE/4)
Flexible b + i 4 20
Bertrand XPF=Xtt+—=— 2R *R i , 2D, (1+ bl,i)xiLLNie+Ege% (b2,i R- bliR) leT
(1+by)) P 71 =bg?f(x)7 + :
i il i 2 Yy
i (1+by;) i
) ’ b

Table2. Equilibrium price (mark-up) and ex-ante expected profitsfor each case

where:

N©° E((e/e,)-

édh

X °([p-d]/a);

S E((e/e

° (a/bd); d° (ch); 2o (d/d): R © E((Ve)- 2);

Xt +dNFO
5 g, by °€ > i
22-d%) g & H

. &
);Sll;SiLFOé
e

b, 0 §M8: 0, Efe(baR- byR)U={(b2)(SF- 2NF)- 20y, (RE- Ne) +bZR)

6 20
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Figure 1. Firms best regimes, d = 0.9, Var[e ]=0, n, =1

Notesto Figure:

Area () isthe region in which there are two Nash equilibrium.

Area (b) istheregion in which there is a unique Nash equilibrium with firm i the leader.
Area (c) isthe region in which there is a unique Nash equilibrium with firm i the follower.

Area (d) istheregion in which there is a unique Nash equilibrium with both firms choosing flexible
follower.



Endnotes

" The authors are, respectively, Division Director, International Economic Analysis, SK Securities, Co., Ltd., Seoul,
Korea, and Professor of Economics, lowa State University, Ames, 1A, USA.

! See Rotemberg & Saloner (1990) and Scherer (1980).

2 The empirical pass-through literature is voluminous. Some studies have found that pass through differs across
source countries (e.g., Knetter, 1989) while others (e.g., Feenstra, 1989; Feinberg, 1989; Knetter, 1993) have found
significant differencesin pass-through across industries or product categories.

% Of course, the expected change of the exchange rate affects prices and hence exchange rate PT.

* By setting the variance on one exchange rate to zero, the model could represent one domestic and one foreign firm.
® Theforeign producers’ home market is separated on the technological side and may thus be neglected.

® For thiscase, firm i cannot be a price leader with respect to firm s.

" This“markup” is a standard measure of monopoly power. Clearly, the equilibrium markup is endogenous, and can
be shown to be a decreasing function of afirm’s own cost and an increasing function of the other firm’s cost.

8 ncreases in d reflect greater substitutability between the two goods, which should decrease the equilibrium markup.
However, asimple calculation shows that anincreasein d , given b, increases demand and hence increases the
equilibrium markup. If d and b are both increased so that demand is constant, the equilibrium markup does decline.

° The notation P “* showsfirm i’s profits when both firms commit their price, and P F showsfirm i’s profits when

both firms are followers. In the Stackelberg case, we adopt the convention that the first superscript refersto the
behavior of firm i, and the second to firm s, so that p -F showsthe profits of firm swhenfirm i isthe leader and firm

sthefollower. Similarly, P SF’L showsfirm s's profitswhen firm sleadsand firm i follows.

1% From the second line of row 2 in Table 2, all the terms involving expectations are non-negative, and hence the
exchange rate uncertainty reinforces the benefits of being afollower, given the other firm isaleader.

M If both firms have flexible as a dominant strategy (as in the symmetric case), then there is a unique Bertrand
follower equilibrium. If only one firm has adominant strategy, thereis a unique “leader-follower” equilibrium.

2 The reason the expressions are so complicated is that they involve expectations of reciprocals of random variables.

3 We assume alog-normal distribution so that analytical results are possible. However, the use of other
distributions such as bivariate normal distribution would not change the main results.

“If(x,y)=(ne,Ine) ~N(m,m,s 7,s7.s,,) . E[e] = Exp[m, +(S 5/2)] =1, and
Ele,] = Exp[m, +(s 5/2)] =1, then E[€ €] ] =exp[(s 3/2) @@’-a )+(s 3/2)(b2 -b)+abs,].
Since: Var[e]=E[¢ - ] =exp[s’]- 1, and Covle,&] = E[ges - 1] = exp[s ,] - 1, wefind:

R =E[R]=E[(Yg)- ] =exp[s ;]- 1=Var[e],



N°=E[(g/e,)- U =exp[s}- s ,]- 1= {(Var[e]- Covie,e])/(1+Cove &])} and
5 =El(e/€)- U=expl3 - 25,,]- 1= {g'(1+Var[es])3/(1+Cov[e ,951)23-]] _

> Naturally, the equilibrium mark-up is a decision variable for the firm which depends on the parameters of the model.
For example, given d , increasesin f; © (a/ bdi] increase the equilibrium “mark-up”. Thus, increases in the demand

intercept, and/or decreases in the slope of the demand curve or marginal cost, serveto increase Xi"’ L

!® The technical reason for this result hinges on Jensen’ s inequality, while the intuitive explanation is more elusive.
Fromfirmi’s perspective, variability in €, isisomorphic to variability in firm s'smarginal cost. If the goods are close

substitutes, it may be relatively more valuable for firm i to respond to realized shocksin firm s's marginal cost than to
shocksin its own costs.

" Details are omitted here to save space; they are available from the corresponding author upon request.

*® In the discussion, we assume Var (g ) 2 Var (es) . Clearly, when Var (g ) =Var (es) , the equilibrium is symmetric
provided costs (in home currency units) are the same.

9 Of course, part of the expected change in the exchange rate will be “ passed-through” .



