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1. Introduction

In a period of increasing globalization, exchange rate movements have considegatsdeaffirm profitability.
Adidas, the second largest firm in sports across the world, attributes thedewemtard trend in its profitsn

the continuing appreciation of euro. (Marketwatch, 2014). Such exchange rate fiunstuatve less obvious

but equally important effects on the strategic behavior of firms. Notablyattee affects not just exporting
firms but even firms which only operate in their home country (Marston, 2001; Aggarwal and Harper, 2010).

Our goal is to develop simple and more realistic models of imperfect competition arisimgniernational
setting to capture the effects of the exchange rates on the stiadbgidor of firms offering differentiated
consumable goods. We develop two such models to examine exchange rate exposure usingaietsic
where firms compete in an international oligopoly, under a price (Bertrand) or a quantity (Ceerttirog.

We first look at of competition in a duopoly between two competing firms, one honmmarabroad with
differentiated products and linear demands; the 1x1 differentiated goods duopoly medreicall it. An
example is the Detergent market, dominated by the British-Dutch Unilever and3hé>(btter & Gamble
(Economist, 2012a). This allows us to study exchange rate pass-through and foreign eegpostite as
simple elasticities of prices and profits with respect to the exchange rates.

In the second model there are two home and two foreign firms; the 2x2 diffeikmfiatds oligopoly
model. The home (foreign) firm competes with the other home (foreign)-finithin countries competition
(henceforthwithin competitio) and with the foreign (home) firms in the other countriyetweencountries
competition (henceforthetweerncompetition). We study a framework that encompasses both elements and look
at the impact of exchange rates in these more complicated competition strutheresddition ofwithin
competition either in a Bertrand or in a Cournot model may reverse thes resuld in the 1x1 model for the
exchange rate impact. Whether this happens depends on the intensity of competition anecaigchimmeign
firms as measured by thetweenand thewithin cross price parameters which determine the degree to which
goods competing in the market are viewed as close substitutes by the consumers.

In the 1x1 Bertrand moded currency appreciation decreases (increases) the optimal price of the
appreciating (depreciating) country. Hence, exchange-rate pass-through is in ¢higrafitsenhancing
(reducing) for home (foreign) goods. The direction of the impact ofgerekposure depends on the price

elasticity of the foreign competitor with respect to the exchange rate.



In the 2x2 Bertrand model the introduction of #ithin countries competition may have an opposite sign
and if in that case it dominates thetweencountries competition the results will be reversed. In other words,
in the 2x2 case, exchange-rate pass-through can be either negative or positive, because of the exigtence of bot
within andbetweencountries competition. Foreign exposure depends on the price elasticity with tegpect
exchange rate of the two foreign and the one domestic competitor. The latter modgibis #nough to
examine the phenomenon that exchange rates affect even firms which only operate in their hogne countr

In the 1x1 Cournot model a foreign-currency appreciation decreases (increases)rtabquantity and
profits of the appreciating (depreciating) country. In the 2x2 model we once more fititetietweerand the
within competition can act as opposing forces when it comes to the impact of the excitasgen the
equilibrium prices (quantities) and profits. If this is the case, andithm effect dominates thieetweenthen
the results in the 1x1 Cournot model will be reversed in the 2x2 model.

At an empirical level, we contribute to the literature in three maiyswiirst, we recognize that we need
to take consumable products to be consistent with a simple static profit magimiadel where there are no
current profit spillovers into future periods. Our sample does not include durable goods producerseaitd henc
is free from their resulting dynamic interaction effects.

Second, we examine profits exposure to real and bilateral exchange ratesogkipgict as well as profit
data from a novel sample comprising twenty-two multinational companies (herbifi€s) from nine
oligopolistic markets during 1984-2015. While existing studies estimate currency eegosagtock prices or
cash flows, we study the impact of exchange rates on both profits and stock priceas siecexplain stock
price exposure proxies for long run exposure and profit exposure for short run exposutke Ibilateral
exchange rates that are of relevance to our theory but we also use the real exchanddchatesan index
captures the economy-wide implications of exchange.rate

Finally, unlike similar studies, we focus on consumable goods prodermgaged in an international price
or quantity setting oligopolto estimate exchange rate exposure arising from the strategic interaetiwasn
and within countries as a result of mode of competition prevailing. Our sample exclusicklges firms
competing in an international oligopoly, and thus provides new evidence on thenfexetgange exposure of
MNCs that improve our understanding of the effect of exchange oat®INCs, a key condition for effective
hedging. MNCs do not use financial hedging with currency derivatives because they operate in maeg countr

where operational hedging suffices. Operational hedging deals with longer-term foreign exchange exposure by



the firm changing the location of its operations (see Hutson and Laing, 2014; and the references therein) and is

beyond the scope of this article.

2. Related Literature

The international oligopoly literature is quite broad. The earltést@ts in modelling the competition between
domestic and foreign firms are based on the assumption of perfectutabtity: Dornbusch (1987), Krugman
(1987), Froot and Klemperer (1989), Feensttaal. (1996), and Yang (1997). More recent models assume
imperfect substitutability (Bodnaet al.,2002; Dekle, 2005; Brissimis and Kosma, 2006). However, to our
knowledge there is no study in this literature studying the implaekchange rates under both Bertrand and
Cournot competition and the combined effect oftitbveenandwithin competition.

The 2x2 model captures bottithin and between countries competition and studies the exchange rate
exposure in more depth. Most of the previous literature studies either Bert@odroot, looking at firms that
either both export abroad or one is the exporter and the other is the domestikdigris no study for these
different market structures in an international oligogdiyoreover, most of the previous literature looks at
pass-through, namely the impact on prices; we study the impact on stock prices and profits, i.e. exposure.

Our 1x1 model closely relates to those of Bodstaal.,and Dekle. Bodnaet al. They estimate a two-
equation price and quantity competition differentiated model for eight Japanese meapsitiés during 1986-
1995 examining if the relation between exchange rate exposure and pass-throerjedsrdtheir model is
consistent with actual behavior. However, we think that the type of goods ustediyoexposure plays a key
role and the consumable products are more appropriate to estimate a simpeositati@ximizing model. For
this reason our sample does not include durable goods and hence it is free from any idye@action effects.

Using a profit maximizing model, Dekle studies automobile, steel, radio-andsiefereceiver and
musical instrument industries. As expected, in markets where domestic and expsdrgordse substitutes,
exporters are hesitant to pass on price increases when their home currency ape&iatemks at the impact

of foreign competition on exposure in a Cournot setting and tests whether expolitgie in foreign markets.

! Bodnaret al.study both Bertrand and Cournot competition but they only digmtsencompetition; home and foreign
firms both compete in a third country.



As we emphasize, in imperfect competition it is more appropriate to tegtarsaimization model using
consumable goods. To look at durable goods we need to use a dynamic oligapeywdrk as Froot and
Klemperer and Gross and Schmitt (2000) do.

While Bodnaret al.,develop a model that determines pass-through and exposure behavior at the same time,
they do not study the impact of industry structure on exposure. Marston (2011) empthasiggxrtance of
the competitive structure of the industry in which a firm operates, ecatsomic exposure. However, he studies
only theoretically the following cases: monopoly, a Cournot duopoly in which dhe tfo firms only operates
in its domestic country while the other operates in both domestic and expoetd,aind the case of Stackelberg
leadership by the exporting or the local firm.

Froot and Klemperer are the first to develop a dynamic oligopoly model, allowing thre farbduct
demand to depend on current market shares; future exchange rates affect the avketrghares, and thus
current international pricing. They study the simplest dynamic game, nanhety period one, under both
Cournot and Bertrand homogeneous goods competition, with one foreign and one domeitaroim the
domestic (U.S.) market. In their empirical part they test whether pricesesedfby the perceived permanence
of exchange rate changes by studying foreign firms from the UK, France@Gafesany, and Japan competing
with the domestic firmin the U.S. market; they look at sixty-five industries for each country during 19@3.

Gross and Schmitt use the switching cost model of Froot and Klemperer, sitatérgngosts are relevant
to the automobile market. They recognize that price decisions have an interteingdrakl durables good
model and maximize the value of the firm, namely the present value of its pnofite simplest two period
game. This dynamic model allows the study of the exchange rate pass-through in the long and in the short-run;
their result is that price interdependence matters and that exchange rates hwangifgedback effects on
prices resulting to lower pass-through in the long-run than in the short-runtodetiee market structure of the
model is very simple, with two foreign firms serving a market wiitthome production under a Bertrand setting
studying exchange-rate pass through, but not foreign exposure. In their empirical patutlyethe Swiss
automobile market during 1977-1994 with Belgium, Germany, France and Japan as source-countries.

In a more recent paper, Auer and Schoenle (2016) study the impact of marketesona@Mchange rate
pass-through using data on large firms that can influence the overall peteflevsector under Cournot and
Bertrand competition. They show that import prices exhibit a hump-shaped reactompetitor prices in

market share while for given prices of competitors, the response to exchangearajes is U-shaped in market



share. Auer and Schoenle agree with us that a very large firm can fulblhassgh the exchange rate changes,
and also argue that small firms thavbdao market share to lose do as well. On the other hand, medium sized
firms can only partially pass through exchange rate changes. However, our papefrdiffictheir paper in a
number of ways. Most importantly, they study the pass-through decisions of impoittezdevel of the firm,
while we study exporting firms. While they focus on pass-through, we study the impstoickrprices and
profits, i.e. exposure. They only study US dollar and US firms during 1994-2005, while oumsiudigs all
four major currencies; USD, EUR, JPY, GBP plus CHF and DKK and look at fiomsBelgium, Denmark,
Germany, Japan, Netherlands, Switzerland, US and UK. Finally, they mainly discuss thieaséoreign
firms compete with other importers but not with domestic firms, so that thegroé domestic prices from
their analysis; hence they do not study the interplay métlveerandwithin countries competition as we do as
part of our analysis.

Auer (2015) also studies the pass-through decisions of importers by lookingirdithet inflationary
effect of an appreciation of the Chinese renminbi (RMB) on the U.S. produceetsmarkd the prices of
domestic producers. Using a panel during 1994-2010 of 519 manufacturing sectimdifgsi$ that changes
in Chinese import prices pass through into producer prices at much hightrtamtdo other import prices, a
“China price” effect. Auer examines how the RMB appreciation is passed on the U.S. import prices and, hence,
how these import prices affect U.S. producer prices.

Finally, we note that Bermaet al., (2012) show that the reaction of exporters to currency changes is
heterogeneous: using French firm-level data with destination specific expos aaldi@olumes during 1995-
2005, they find that high-performance firms react to currency depreciatiorct®asing more their mark-up
and less their export volume. They also look at productivity differenitesy andbetweensectors, and they
study whether the relation between performance and exchange rates is withia @r a betweensector
phenomenon. While our model emphasizes the mode of competition in specific international amakits
impact on the link between exchange rates and exposure, the addition afciatisbetween high and low
performance firms is an interesting future direction.

The empirical part of our paper relates to the two-factor model where the dapeadable is either the
changes in stock prices (see e.g. Jorion, 1990; Bodnar and Gentry, 1993; He and Ng, 1998; Wil@0h}$on,
or in cash flows of the firm (Bartov and Bodnar, 1994, Stulz and Williamson, 1997; Oxedhe#h1995;

Bartram, 2007). Bartram shows that stock price and earnings exposures are similar for short horizons.



3. General Framework

Consumable goods are single-use goods or have a natural life of less than three yeptss exasist of
cosmetics, food, beer, clothing, and footw&de assume that the home market is USA with a seller of athletic
shoes like Nike. The price of a pair of shoeBjis= SP;; whereP), is the home pricé is the foreign price and

S is the exchange rate. HenSdhas an impact on the home price of shoes. In the empirical part we look at the

impact of foreign exchange rates on profits rather than prices, since it is efisgideta for the former.

3.1 Between Countries Competition

We study the impact of on prices and profits in the Bertrand and Cournot models in a setting of diferen
goods and linear demands. Since pricing affects profitability, firm pass-througbxpodure are linked.
Whether firms compete in price or in quantity terms depends on the naturegobthée.g. degree of product
differentiation) as well as on other structural features of the m@ketdegree of market concentration), which
in turn determine the mode of competition. Alternatively, the decision of the firm to chooserpri@ntty is

itself a strategic one (Klemperer and Meyer, 1986; Singh and Vives, 1984).

3.1.1. Bertrand competition
We have two competing firms; the hern and the foreign firnf, who choose price’, andP; respectively.

The demand functions in the home and foreign markets are:

qn(Pn, Pr; S) = 0, + 0, Py + 05 SPf
(1)

1
qf(Ph'Pf'S) = AO +AfPf +Ah§Ph

whered:>0 andd, > 0 are the substitution terms between home and foreign goods in the home and the foreign
market respectively, whilé,, Ar < 0.

While the firms produce substitutes, we intuitively assume that the owngfreaech firm has a greater
absolute effect on its demand tithe price of the other firm. Marginal costg assumed constant for the home
and the foreign market and equatfoandc, respectively, such that <6, andc; < 4, while the firms choose

prices simultaneously. The payoff functions licandf and hear optimization problems are:



rr}%x Hh(Ph, Pr; S) = n}%x[eo + 6,P, + QfSPf][Ph — ¢y

1
n},?x Hf(Ph:Pf;S) zn}ax [/10 +AfPf +Ah§Ph] [Pf — Cf]

: : 0
Solving the above problems we get the reaction curves (RCs) % (cp — z—" — e—fSPf) andpPy = %(cf -
h h
;—” - %%Ph). Solving the previous pair of equations yields:
oA

A
(44¢0y — 05 Ap)

PP =

(2)
0 (2A7Scr — 2205 — A + Ap z—:)
(42,07 — 6,7)5

*B _
Peo =

where4,0, — 0:1;, > 0, for the second order conditions (S.0.C.s) to be satisfied, alondmith < 0. Fig.

(1) shows thdrCsof h andf in the price space; they are upward sloping and the Riie steeper relative to

the foreignRC. The equilibrium profits oh andf are:

I3 (Ph, Pf; S) = max[6, + 6,,P;, + 67SP;] [Py, — cal
h

1
*B * *, _ * * *
17 (P, 3 5) = max [/10 + 24P + 2 <Py ] P} — ¢/

An increase in S, namely a foreign-exchange rate appreciation increaseagéegkcthe optimal price of

*B
>0 and OPF”™  Ap(Brch—6o)
d

. aPE _ 05(Ao—Ascy)
OPn _
home (foreign) goods: S = Gas0n—6,20)5?

35 = @A om0, < 0. The positive (negative)
derivative of the home (foreign) equilibrium price with respect to (henitefv.r.t.)Sis the result of the fact

that in the 1x1 case there is only between competition. Fig. (1), shows theoEHezurrency appreciation on

the RCs of théa andf firms. TheRC of f pivots clockwise when the currency appreciates (and its intercept does
not change) while th&C of h becomes more horizontal and its intercept less negative, resulting im a ne
Bertrand-Nash Equilibrium, with a higher home equilibrium price and a lowelitegun price for the foreign
good as denoted by a shift fragd to E2.

[Insert Fig. 1]

Proposition 1.



A foreign currency appreciation makes tinéirm better (worse) off and thiefirm worse (better) off if the
equilibrium prices of their rivals are inelastic (elasiticy. In other words, aSincreases, unlessesponds with

alarge decrease in its price to offset the appreciation and restore its competitivevidsmgin.

*

o , , 1B opP .
(a) The derivative of the home firm pI‘OfIS-?(l;[Th = 0y (mp) P Pr[1 + ep;rs], Wheresp;‘s = a_sfpi; <0is

the partial elasticity of the equilibrium foreign price w.6tandm;, = (P"P—:Ch) is the equilibrium price-cost-
h

margin ofh. Hence, the sign gfgsi depends on the price exchange rate elasticity of the rival firm; if tlee latt
is elastic (inelastic) t&, the equilibrium profits of are decreasing (increasing)Snin other words, unleds
reduces its price so that it more than offsets the appreciation of its curinewdy enjoy an increase in its
optimal profits as a result of an increas&in

The size of the change in the equilibrium profith olepends on the cross price substitution pararigter

the price sensitivity of its rival t6, and its own price cost margin.

I N AP :
(b) The derivative of the foreign firm proflts:% = Siz/lh(m)’:)P,;"P; [ep; s — 1], whereep: s = ‘%Pifo

: . - _ . Pf— . . .
is the partial elasticity of the equilibrium home price w3andm; = fp*cf the equilibrium price cost margin

f

*B
of f. Again, the sign of%n—g depends on the price elasticity of the rival ws.tf the equilibrium price oh is

elastic (inelastic) w.r.t5, the profits off are increasing (decreasing)3rHence the profits df whosecurrency
appreciates, will decrease unldssnore than counteracts its gain in competitiveness through a more than
offsetting increase in its equilibrium price. So the size of the change inutiregm profits off will depend
on its own price cost margin, the degree of substitutability betweerwthgdods parametedy,, and the

sensitivity of the equilibrium price dfto the exchange rat is also inversely dependent on the squarg of

Pr oof.

Please refer to the Mathematical Appendix (henceforth MA).

3.1.2. Cournot competition

In this part we study the impact of foreign exchange rates on equilibriues jamncl profits in the Cournot model

with differentiated goods, so we invert (1) to obtain the ptices‘clear” the markets for given outputs. Hence:



0,SA, — A0 A 0
Ph(Qh. Qf:S) = % +quh —;fSCIf
©)
A, — 02,5 1 6,
Pr(qn,q5; S) = B — /1h5—a(Jh +;Qf

where,a = 8,Ar — 64, > 0. The payoffs foh andf are their profits and tivreoptimization problems are:

0752, Afe

6
max My(qn q5:S) = math[ +;fqh—;f5qf—ch].

An00 — 0n1yS 1

O
rrgﬁgx I s(qnqsS) = rr}]?Xq/’[T - Ahgqh t—ar - crl

To obtain the reaction function & we optimizeg; giveng;: q, = i[ach — (6552, — A£6,) + 6:Sqs],

with a sIopeZ—’; < 0 if we draw the reaction line wit:(g5,) on the (vertical) horizontal axis. The reaction
f

A0o=0pA0S 1 : 2

function offis: g5 = [acf (%) + Ahgqh], with a slopezs—gh <0.
As shown in Fig. (2), the slope of the reaction curve ohtfien is more steeply sloped than that of the

firm given the S.0.C48,4; — 671, > 0. By using the above profit functions and maximising we obtain the

equilibrium quantities (please refer to the MA in the proof of Prop. 8)dgtimal home and foreign prices in

the Cournot model can be found by substituting the optimal quantities into (3) (also in the [sod.d):

sl v Bfol —/1f9 2/1f6h /1h9f S/lfo (BpA,S — A46,)
PhC(Qh' qf;S) = #Zﬂf@h acrs + ° o
(4)
vCl v A0, — SOy 4, 2/1f6h — /1h9f thh
Pfc(qh, qf;S) = TV 2/1f9h + A Cr — [ach + (Af GfS/lo)]

whereA= 4Af9h — Bflh > a= Afgh — gflh > 0.

[Insert Fig. 2]

The equilibrium profits oh andf respectively are (for an analytic expression of the profits see the pieadof

2):
0,54, —A:0, A 0
5 (an a5 S) = T T T gy —Lsqp -
ACED) rrglfllth[ " +—qn =~ Sar = cn
o An0, — O, 1 0,
i) RS Ly )

10



or: ;¢ (a1, 45: S) = [Pr¢ — cp]an’ andll(qp, q5; S)=[P;¢ — cr]q;°. The proposition below summarizes the

impact of a change I8 on the optimal prices and corresponding profits of the two firms.

Proposition 2.

An increase irg, increases (decreases) the equilibrium quantity of the home (foreign) goods asctimeak

GapS) | 6pA (A6 ) 0P} (anaps)  -an6, 1,0
\ fm( — Zfto (AfY%hY | AfYS _ AhGh h
more expensive (cheaper)-as 55 == ( A ) [ ]cf >0, Y. = —n, AsOp + 5= 525 Ch <

0, asAf6, > 0 andAs6; < 0. Moreover, a foreign currency appreciation makéeetter off and worse off as:

Glib ath[Ph —cn] aqh apP;c
3 as =5 [P —en] + 55 > 0

+) ) 1)

oMt aqif[PC —c 0 oP;
ro_9ar 1Py f_qf[ ¢ ]+ 2T g <o

as as as

-) () )

In other words, as the foreign currency appreciates, the home firm will gainextpense of her overseas rival.

Proof.
Please refer to thdA.

Fig. (2) illustrates the effect of a foreign currency appreciation on theoR@ieh andf firm. The RC of
thef firm pivots counter clockwise and shifts inward when the foreign currency apprecita¢dRCHf theh
firm becomes more horizontal and shifts inward since its intercept goes @awiting in a new Cournot-Nash
Equilibrium point, with a higher quantity of the home good and a lower quantity obriktigri good. Hence a

foreign currency appreciation shifts the Cournot-Nash Equilibrium Earo E2.

3.1.3. Comparing the Bertrand and Cournot Equaibri

The Bertrand and the Cournot equilibrium prices are given in (2) anelsf@#gctively. We next compare the size

of the impact of a foreign currency appreciation on the Cournot and Bertrand prices (Prop. 3jitgnd pro

Proposition 3.
An increase ir, has a greater impact on the equilibrium prices ohthedf firm in the case of quantity as

compared to price competition.

11



ori(anaps) _ oni(anaps) o oo o 2P (ahaps)  0r(aivas)

as as as as .

Proof.

Please refer to thdA.

In plain English, as the foreign currency appreciates, its positive (negative} isigeeater, in absolute terms,
on the home (foreign) equilibrium price in quantity as compared to price compdtitioeasy to check that as
the degree of substitutability between the home and the foreign goods in the hoige)(foseketd; > 0

*C *B
as as

. aP,C  apB
A, > 0) mcreases( 55 39

) increase too.

We have shown that an increas&makes the home goods more expensive and their foreign rivals cheaper

orB(q;.q5:s
irrespectively of the competition framework (quantity or price competition), ryame?%>

aP,C(anap:s aPfB(an.aps aPi“(anap:s . . .
0,% > 0 and—~ (a; ) <0, (az ) < 0. We have also proved that this impact is greater in
. . . oPC(apaps)  oPE(anaps aP;“(anaps
the case of quantity as compared to price competition, namheg%gg -2 (a; ) >0, (a;‘ i)
0p;®(anaps)

P < 0. An interesting question is whether the home (foreign) firm passes on more thai the f

foreign-exchange rate increase (decrease) to consumers. Following Boahg002) we define pass through

elast|C|tyassP;B = InGs) 1€p;Cs = ain(s)

,for £ =nh,f.

Hence if a one percent changeSiteads to a higher than one percent change in the same (opposite)
direction inP,, (P), then this implies that more than the full foreign (home) exchange rate dhasigeen
passed through into the price of the home (foreign) goods.

We follow Bodnaret al.setting foreign economic exposure as the percentage change in profits induced by
a one percent change in the exchange rate, the elasticity of profits w.r.texti@nge rate:

olnlE* gimi§* olnnF" JlnIig’
dlns ' dlns ’ alns ’ dins

. A significant factor of economic exposure is the degree of competition of the

market in which a firm operates (Marston, 2001).

As we proved earlier firms differ in the direction and the sensitdfitheir equilibrium profits to exchange
rates, depending on the competition framework within which they operate. Hence we have showerireihe B
model that there is a link between the ability of each firm to pass on the exchtnghange in the price it

charges its customers and the direction and degree of the impact on the pthétstber firm as result &

12



Hence in price competition a foreign currency appreciation makesftira better (worse) off and thiefirm
worse (better) off if the equilibrium prices of their rivals arddagc (elastic) t&. On the other hand, in Cournot
competition the direction of the impact is clear; a foreign currency appoeciaakes thé firm better (worse)
off and thef firm worse (better) off irrespective of the elasticity of the equilibrium pra¢eieir rivals wr.t.S

of course the size of the impact®bn the home and foreign profits respectively still dependsamdé and
the costs in both markets. We note that the above results also cover the cases whetedn® difins is a

monopoly in its home market and competes in the foreign market with the donrestibeie i.e6,=0 and
Ap > 00r6; > 0andl, = 0. Hence, exchange rate fluctuations affect not just exporting firms but even firms

which focus in their home country (Marston; Aggarwal and Harper).

3.2. Between and Within Countries Competition

We now extend our previous setting to one with two home and two fdmeign Eachh (f) firm competes with
anotherh (f) firm - within competition, and also with ttigh) firms in the other marketbetweencompetition.
We study the impact of exchange rates on profits and prices in a commog sttifferentiated goods and

linear demands, when firms compete in prices or quantities.
3.2.1. Between and Within Countries Bertrand Coiitipet

Both the twoh and the twd firms choose priceB; , andP; ¢ ,i = 1,2, andj = 1,2 respectively, and the four

demand functions in matrix form are as follows:

1 1

. 011 ¢S 04, ¢S
[41,1(Pr. P73 S)] [91,0 [Oin Bizn Prro Cizpo] [PLr]
- Min 3 M2 5 Ap Ay

I 051 ¢S 052 ¢S]
|q2’h(Ph,Pf;S)| 020 +| 0210 Oa2n  C2uf 221 |
01 (Pu. P S) | Aol |

lqz,f(Ph:Pf;S)J UZ"’J MZl,hé Azz,hé Aarg Aazg ] Poy

(5)

The four terms:0;;5,0210, A125, A21,5 are thewithin countries cross-price effects, while the terms:
011,5, 0125, 0215, 022 ;,aNd A1 1 p, A12 5y A210, 422, are thebetween countriesross-price effects. We assume
throughout that the firms produce substitutes, so that all the cross prids aféepositive. The direct terms are

all negative, i.€011 4, 0220, 11,5422, < 0; As before we assume that the own price of the firm has a greater
absolute effect on its demand than that of the prices of the firms it comibtdsoth domestically and abroad;

in other words the direct terms are greater in absolute terms frbnthieatorrespondingithin countries cross-
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price effects, and thieetweencountries cross-price effects. There are no fixed production costs and marginal
costs are constant, while , < 0, ,¢2,<8;,, ¢1,5 < A1,0,C2 5 < 43,, While firms act simultaneously. The
profit functions forh andf firms, and their optimization problem is as follows:

Home Country:

max My (Pn Pr; S) = 1;113’34[91,0 + 6011 0Py + 0120 Pop + 011 SPy p + 012 pSP; £ [PLp — €10

max My p(Ph, Pr; S) = 1;123’34[92,0 + 0210 Pin + 0220 Pon + 021,,SPL p + 032 £ SP; £|[Pon — C20]

Foreign Country:

r}r)la;( M (Py, Pr; S) = TII}an [/11,0 + APy + Ao pPoy + /111,h§P1,h + /112,h§P2,h] [Prr—c1r]
1 1

r}r)1a;< M;(Py, Pf; S) = r{)la;( [/12,0 + A21pPrg + AoppPoy + /121,h§P1,h + AZZ,hEPZ,h] [P2r — C2 5]
2, 2,

’

. . . all,p, 0Ny, ONyf dl,f
In order in th imal  pri we n Lt R = =
order to obta the optimal prices e need to s Pin’ OPan’ OPiy asz]

/

[0, 0, 0, 0] .Solving this (for a detailed derivation please refer to the MA in the proBfag. 4) gives

the four equilibrium prices for the Bertrand model (for simplicity we omit the B sufEsscr

010=011nc1h  O12n  O11fS 6'12.1‘5| |2911,h 01,0=011,nC1,n  O11fS 912,f5|
02,0=0221nC2n 20220 02155 O22fS O21n  020—0221C2n 021,S  O22fS
1 1
Ao—Ai ey Mans 2A1p  Azg Ains  Avo=MafCry  2diny Aiag
- 1 1
pr = A20=A2zfC2 1 A22,h5 Aarg 2hazg « _ | Ad2rhg Aoo—AeafCay  Aary  24aay
Lh — 2011h  O12n  O11rS O1zfS T2k 20110 O12n 1175 O12fS
621,h 2622,h 921,f5 922,f5 921,h 2922‘}1 921‘f5 922’f5
1 1 1 1
Aihg Mzng 2A41p  Aiaf Mihs Azns 2A1f  Aiaf
1 1 1 1
Roas Azzng oS Phaaf Aovng Aaang A2nf Phazs
2011h  O12n  O10-011hC1n O12rS 2011, O1n O115S O10=011rC1n
0210 2022n 0207022nC2n 02255 021n 20221 02155 620=022nC2n
1 1 1 1
Mg Mzhs Ae—Aigery  Aiag Mg Mang 2Ma1p Ae—Aiigeaiy
1 1 - 1 1 —
P* _ 121'h§ 122,h§ 12'0 Azz,fcz,f 2122,]’ P* _ AZi,hE Azz,hg Azi,f Az,o lzz,sz,f
Lf 20110 O12n 1175 OuzyS P 2f 20110 O12n  B11rS OuzyS
021n 20221 O215S O225S O21n  2023n O215S O22fS
1 1 1 1
Aihg Mzhs 2d4ap  Aiaf Mihs Mzhs 2da1f  Adaf
Athé lzz,h% Aaf 2haas Au,hé Azz,hé Aorp 2A2zf

We next study the effect ¢f on home and foreign prices and profits in a 2-countfiyl2-Bertrand-framework.

B
The impact of a change i85 on the prices ofh and f firms is given by the vector?g

*

S
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*B *B *B *B !
Pun - OPan - OPif - OPif) in the 1x1 Bertrand model a forei h iation d
[ 5o —, a_s']. n the 1x1 Bertrand model a foreign-exchange rate appreciation decreases

(increases) the price of the firm in the appreciating (depreciating) gotnop. 4 shows that this may not be
the case in the 2x2 Bertrand model. The introduction ofvtien competition complicates the results. The
within effect may be in the opposite direction to tetweeneffect, and if this is the case and the former
dominates in size the latter it will lead to an increase (decrease) in tineabptice of the firm in the

appreciating (depreciating) country following a foreign-exchange rate appreciation.

Proposition 4.
A foreign currency appreciation makes:

1. The optimal prices of the home goods more expensive when the following condifisfir tioe first good:

0 0
a. [(h1o = avsers)dzan = (Az0 = dozgcas)hizn] 0;'; BZ'; >0
0 0
b. abS{[(llp _'AlLfCLf)AQZﬁ,_'(AZp —'ﬂzzfczf)llzh] 9::; 9:?; }:> abs{[(zlﬂ._
0 0
Aarrers)2ha2s = (Rao = A2z pCo )z ] 29122:;1 9;1’; — (o = Maarerp)ary = (A2 —

O12n  O12f
Azz’fcz'f)Z/lll'f] ‘2922 n Bap

and similarly the following two conditions for the second good:

011, O12f

<0
021 Oaf

C. [(Al,o - All,fcl,f)/121,h - (/12,0 - Azz,fcz,f)/ln,h]

0 0
d. abs{[()ll’o - A11,fC1,f)/121,h - (Az,o - /122,fC2,f)/111,h] 9;; 9:2; } > abs{[(/ll‘o -
20 0
All,fcl,f);{Zl,f — (20— AZZ,fCZ,f)lel,f] 92111: QZ; — (1,0 = /111,fC1,f)2/122,f ~ (20—
20 0
P

2. Their optimal prices of the foreign rivals cheaper when the following conditions holtkeffirdt good:

ll 1,h llZ,h

>0
Aa1n 2Az2zn

a. [(91,0 - 911,h51,h)922,f - (92,0 - 922,hC2,h)912,f]
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A A
b. abS{[(Hlp — 011nC11)022,r — (62,0 _'QZLhCZh)elzf]|A:jZ ZAZZﬁJ} > abs{[(6y,0 -

1 A
91LhCLh)921m._'(sz —'szhczh)zgth] lzz: ijch _-[(910 _-ethCLh)ZQZZﬁ,_-(Hzp-_
y) A
022,1C2,n)012,1] ﬂi: 2/1122;;‘

and similarly the following two conditions for the second good:

Al 1,h /112,h

<0
A1 Azzn

C. [(91p —'91LhCLh)921J‘—'(92p —'szhczh)91Lf]

A A
d. abS{[(91p — 011nC11)021,r — (62,0 “9zzhczh)91Lf]| L 121%}3> abs{ﬁ;{[(Hlp-—

/12 1,h /‘{ZZ,h
Ao 2Mq4,
0111C1n)021n — (020 = O22,1C20) 2011, A2 ﬂzlff [0 = Bnacan)20aan = Cao -
Mip 2444,
622nC2,n)012,1] Aain 121;?

Proof.
Please refer to theA.

We have shown in the 1xdase where there is onlgetweencompetition, that this results topositive
(negative) derivative of the equilibrium price of thé¢f) firm w.r.t. S. In contrast, we now infer from looking

on the LHS of the inequalities in Prop. (4), that in the 2x2 case these desvddiyend on the home and foreign

Min Mzn
Azin Azzn

0115 bO1of

and
0215 Oaf

determinantsl respectively (containing the between countries substitution

parameters), the own substitution parameters and costs of the two ovesemods, and the cross substitution
parameters of the domestic rival in the demand functions of the overseas country.

While an increase i in the 1x1 model decreases (increases) the equilibrium price of the appreciating
(depreciating) country, th&ithin competition may have the reverse sign which and may dominatetiieen
competition, depending on the values of the parameters. In other wordghtheffect allows the equilibrium
price elasticities w.r.t. S of all firms to be either positive or negativéhande exposure can be either positive

or negative depending on the relative sizes of these two which in turn depends on the parameters.

oMy, 0I5, anif an;f
s ' as ' as ' as

The impact ofS on the equilibrium profits of tha andf firms, i.e.: , is easyto

calculate using the F.O.Cs and replacing the outputs with the demand fundgtions (5



Proposition 5.

The impact ofS on the profit of each firm depends on the elasticities of its competitors, tilwared foreign.
More specifically, it depends on the sign (and if negative on the size too) efasiiity of the two foreign
rivals w.r.t.S. It also, depends on the sign and size of the elasticity of the price afethie firm w.r.t. S. This

is easy to check by looking at the derivatives of the profits of thé fimms:

anlh *
35S lhmlh glth 5 +0ufPLf(1+£P S)+9Uf f(1+£P S)J
) 0Pis s OP/¢ s
, . =%r — _if
for J#: l 1Where7£Pj,f,S as p]*f’glfs 2S P;:f

foreign rival firms w.r.t. the exchange ragi.e. the exchange rate pass-through of foreign competitors. The

;
oPjn
s Pjp

term EP]'*,h‘S

(lh )

through. Finally, the termm;,, = +
iLh

is the equilibrium price-cost-margin of thia hfirm. Here the price

elasticities, in contrast to the 1x1 case, can be either negative or positivesghafdie existence of botbithin
andbetweencountries competition.

Similarly, the impact o& on the profit of each foreign firm depends on the sign (and if positivieeosize
too) of the elasticity of the twio firms w.r.t.S, and also on the sign and size of the elasticity of the price of the

rival f firm w.r.t. S. This is derived by calculating the derivatives of prajitthe twof firms:

AT £P} 15
aS = l,f ml,f /11] fP f S + Allh (EPiThIS ) + AL] h f (SP h - 1)

*

6Plh S e an'h S
as Py’ PinS ~ "as P:,

forj+ i, Where,spi*h,s

home rival firms w.r.t. the exchange r&e\gain the price elasticities, in contrast to the 1x1 case, can be eithe

negative or positive, because of the existence of Within and betweencountries competitionThe term

oP;
Ep: s = B_Sf 5_is within this context thevithin marketexchange rate pass-through, while the terfp =

*

Pir

(Pig=cur)

= is the equilibrium price-cost-margin of thi f firm.
Lf

Hence profits are dependent on the exchange rate price elasticitieis o¥#e, both home and overseas.
The analogy with the 1x1 case is obvious; if there igvitiein competition and there is only one foreign rival

the above relations collapse to the relations from Prop. (1) in paragraph §3.1.1.1

17



To sum-upijn the 2x2 case the link between the pass through of each firm on the exposure of firenother

remains, but it is more complicatedcompared to the 1x1 case. In the 1x1 case if the pass on of the foreign

*B
firm is inelastic, theﬁa% > 0 and hence the exposure is positive. In the 2x2 case it depends on the sifjn (and

negative on the size too) of the pass on of both foreign firms and it also, depehdssimmtand size of the
elasticity of the price of the rivdd firm w.r.t. S, For example, in the Sports market if Adidas competes in an
international duopoly with Nike, thets exposure to EUR/USD is positive when the pass on of Nike is inelastic.
However, if there is another domestic competitor to Adidas, say Puma, then the exptwiferafer will also

be affected by theithin competitor and its exposure can be either positive or negative depending on values of

the price elasticities w.r.g of the domestic (Puma) and foreign (Adidas) competitor.

3.2.2. Between and Within Countries Cournot Contjoeti

In this section we study the impact$bn equilibrium profits and prices when firms set quantities tittin
andbetweercountries, e.g. the Cournot model, so we invert (Eqt¢®ive the prices that “clear” the markets

On SO (p p
for given outputsAlternatively, we can partition (Eq. (S)ﬁgi;] = [zo] + [1 A A ] [ P;l] whereP;, = [Pl’h]
0 shn 7 2,h

P.
Lf ] arethe vectors of home and foreign pricgs,= [g;:] andq; = [Z;: ] are the vectors of home

ande = [Pz,f

and foreign quantitie®),, ®; andA,, Ar are the home and foreign matrices of own and cross substitution

parameters between home and foreign prices respectively. To solve for the prices, we need:

T L1 N\t _ 1 - ]
0, 56 | (0n - 507,71 <) ~0,750;(Ar — A, 150!
1 =
_Ah Af _11 -1 _11 1 -1 -
o1 (A1 _Seh_lef(AZZ)_l
= ;, -1 _ _ :
—sAr Ap(Ar)™ (A22)7"

Where, All = @h - @fAf_lAh y AZZ = Af - Ah(')h_l(')f, det(@h) = Alz 911,h922,h - 912,h921,h >0 and
det(As) = 4, = 11 54225 — A12 4215 > 0.As the firms produce substitutes, the cross price effects (the off-

diagonal terms o®) are positive. The matri®;, is negative definite, since its diagonal elements are negative;

its off-diagonal terms (i.e. the cross price effects) are positive. Also the “between countrié€ssubstitution matrix



O is positive definite, since its diagonal elements are positive. We need to cdleifaiéowing matrices and
we can prove that their off diagonal elements of:

(A1) ™ = (0 = OpA; T AL) T (Az2) ™ = (Ap — Ax©,720p)
are negative (please refer to the MA).We also calc(il,:;xfé(&)f andAf'lAh. We show that these matrices are
negative definite and that their off diagonal terms are also negative (please tleédrl£0). Hence:

Py = (A11)72(qn — 00) — SO, 70, (A22) 7 (a5 — 20)

1 ~ _
Py = _§Af AR (A1) 71 (gn — 65) + (422) "ar = 4)

There is a clear correspondence between these values and those derived in the Cournot 1x1 model, e.qg.

_ 0rSAo—A50,
- a

Af

Or ¢, Ar br
Py +—an ——Sqr=—(qn=0,) =S —(qr — 4o)

Anby —04A,S 1 6, A, o,
f:%_ nsgdnt O = 5 @n=0) +—(4r = 4o)

where,a = 6,4 — 0:A;, > 0. The difference is of course that in the first set of equatipng,, qr, 4o, Pr, Pr

- Qb .
are all vectors, while in the second set they are scalars. The repIacer%er%c)fm the 1x1 model with

(45)7 ((A11)7Y) in the 2x2 model and the replacement%’éf(%") by 05,710, (A22) 7 (Ar T AR (A1) ™Y
indicates the addition of within competition in the model.

We next turn to the optimisation of the payoff functions of titendf firms:

Home Country:

!

oMy, 0y, ;o OPLrqur)  0(Pynqan) , ,

—, —=] =00, 0] . . . d —[cin €2 =0, 0

0q1n  0q2n [ ] [ 0q1,n a‘h,h | (€1 2h [ |
Hence F.O.C.:

2(A11)_1(Qh) - S@h_lgf(Azz)_ICIf = (A11)_190—@h_159f(Azz)_l/lo +Ch

Foreign Country:

!

ol oM, ¢’ (P, - (P, ¢+ ,
1,f’ Z,f] - [0, 0], PN ( 1,f ‘h,f), ( 2.f ‘h,f)] ~eus Cz,f] - [0, 0],
0q1f  0qyf 0q1,f 09, ¢
Hence F.O.C:

1 - _ — — 1 - —
AT AR (A1) T (@R) + 2(A22)TH(ap) = (A22) M g — S Ay T AR(A11) M0, + ¢f
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Solving for the two F.O.Cs derived above, we obtain the vegfarad g (please refer to the MA, in the proof

of Prop. 6).We now study ho® in a 2-country-Zirm-Cournot-setting - affects the home and foreign prices
and profits. To do this we first evaluate the impac oh equilibrium outputs. While in the 1x1 Cournot model
a foreign-currency appreciation increases (decreases) the equilibrium qagitiigyfirm in the appreciating
(depreciating) country, Prop. 6 shows that this is not necessary in the@wibOmodel. The addition efithin
competition leads an ambiguous sign for the partial derivatives of the equilipuantities w.r.tS as these
depend on whether thetweencompetition impact more than exceedswiithin competition impact or not, in

a similar way to the one discussed in the Bertrand model.

Proposition 6.
In the 2x2 Cournot model a foreign-exchange rate appreciation increases the equijiantity of the home

goods and decreases the equilibrium quantity of the foreign goods when:

2(A1)71 —G)h_lsgf(l‘lzz)_1 [q{h] 0
1, - _ _ = —0r T 0 (A22) 2 A0, T Op (Agy) >
—5hy (A1)t 2(A2) 71 d2,h r ? 4 4 [0]
1 241070 —0, 71850 (Ax) ! [qif]__
— i T A @) 2(A2)7 Az,

1 _q a 1 _1 _ 0
— Ay T A A) T e+ g AT AR ()26, < [

Proof.
Please refer to the MA.

In plain English a foreign-currency appreciation increases (decreases) therieguitjuantity of the home
(foreign) goods when theetweencompetition either dominates théthin competition, or is re-enforced lty
when the latter has the same sign. In other words, if by addiitgia competition dimension in the 2x2 model
we find that equilibrium quantity of the home (foreign) goods decreasesdges) as a result of a foreign
currency appreciation, then this reversal of signs in the impact of the egdladéagn the equilibrium quantities
implies that thewithin competition is an opposing force to thetweencompetition effect and that the former
dominates the latter. The impact of the exchange rates on the pricemnisgithe derivatives of the optimal

price vectors w.r.tSare:

*

_, (9a; _ _. (9% _ 1
(411) 1<a—Sh>—SG)h 107 (Az,) 1<a—;>—®h 107 (A22) 71 (af — o)

opP,
oS
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oP; 1 1 2g; aq;
f _ -1 —1, % -1 _ dn _ qr
Fri ﬁAf Ap(A11) 7 (g = 6,) — §Af Ap(A;)7! <¥> + (Az2) 7" (g)

Finally, the derivatives of the profit vectors w.6ias set out below measure the impact of the exchange rate on

the equilibrium profits of the twb firms and twd firms respectively:

oM _0ailPi =il _0ai . L 0P
as s a5 th Tl T e dn
olly  0q;[Pf —cs] 0q5 opP;
;04— ¢l _0qp ., ar; |
as oS as [FF — ol 554

The signs of both the prices and the profits are indeterminate given on thereatlits regarding the signs of

the optimal quantity vectors after the introduction ofwlithin competition, which was absent in the 1x1 case.

4. Profit and value maximization
Value and profit maximization are not equivalent objectives as they diffenumber of aspects. The one of
importance here is that profit maximization ignores the time dependence of gdrofitther words, profit
maximization is a short-run goal, and value maximization a long-run one. To rechasiégwo goals we need
to assume that the value of the firm is a time additive function of future profits as we @gbbamn

However, since the valug of the firm at timet is the present value of its future stream of dividdnds,
it is highly correlated with profit If we further assume that the dividends are a constant fraction osofit
the dividend policy of the firm is very simple and stable as the value, fifrthat timet is the present value of

its future stream of profits, at the risk free discountrate

P S C/S RN LIPS
L+t L)

4.1 Durability and firm value

There is another implicit assumption in the above model, that the value othis &rtime additive function

of future profits namely (time separable over time):

_ ((nm) (Mevz)  (Megn) )= (v
B C S R C TS N CR ) = (O ok
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The last assumption means that the profits of peram not spillover in future periodsi for i= 1,2, ....
For this to hold we need to assume that there are no adjustment costs, so tisasthectare of the firm is one
where costs in the current period do not spill over in future periods. Finalhgaeeto assume that the demand
IS not dynamic; consumers neither form expectations about their future purchasksthey postpone their
purchases to exploit price fluctuations and the product cannot be stored in inventories and thulsecannot
consumed in the next period (Levine, 1985). Hence, we need to restrict our study to hon-durable goods.

Gross and Schmitt dynamic model recognises that current profits spillover i fetiodsvhen the good
is durable. They also show that price interdependence matters and the exchange rate avesgpsfltant
feedback effects on prices resulting to lower pass-through in the long-run thaslothein. However, as we
have mentioned before, they study only exchange-rate pass through and not foreign expoBertrandch
model in which only two foreign firms serve a market with no home productia@urlempirical application

we proxy long run and short run exposure with stock price and profit exposure respectively.

5. Empirical Application
We study nine markets and in all of them except the Detergent market theteégnandwithin countries
competition as in our 2x2 theoretical model. The Detergent market is a 1x1 internaligopbly model,

between Unilever and Procter & Gamble.

5.1 Sample
We build an international sample of semiannual data from Bloomberg spanning froro ZIB6 presented
in TableA.1. in the Empirical Appendix (henceforth EA). We look at semiannualtprebnverting the profits
of those firms that release their profits on a quarterly basis to semiaWWeialso consider a number of sub
periods based on data availability to allow for inter firm comparisons. dicgpto Bodnaet al.,the 10-year
period fulfils the need of a long sample size while the form of competitian industry is stable enough to
yield meaningful estimates of pricing behavior and profit outcomes. We abstk fdr any effects stemming
from the financial crisis of 2007-2009.

We examine the robustness of the exposure by estimafmgthe first 10-year period, computing a Huber
M-estimator which is more resilient to outliers and by removing distant obiemat he standard approach to

examine the sensitivity of our results to outliers is to examine the standanebichehls from the regression by
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dropping each observation in isolation, as well as all of the observationsasienusly from the sample; we
remove observations with standardized errors above 2 or below -2 (results are available @3thn requ

Chowet al.(1997) and Bodnar and Wong (2003) argue that stock price expogigntified better at higher
frequencies. Bartram uses 1, 5 and 9 months data frequencies; the 5 monthe to®ualasscenario of 6 months.
Using longer horizons is more precise given the noise in high-frequency exchaw@ reglation to the
persistence of movements with low frequency (Bartram; Bodnar and Wong, 2003gChio\997).

We study exchange rate exposures using specific markets where firms compétesimational oligopoly,
within a price or quantity setting. Our data includes stock prices afitsfrom twenty-two MNCs from nine
developed markets. We use two forms of profits, fiscal and calendar profitsaafter(henceforth PAT) as
reported in Bloomberg. The firms in our sample are as follemght US firms (Nike, PepsiCo, Coca-Cola,
Procter & Gamble [henceforth P&G], Colgate-Palmolive [henceforth Colgatee Eauder [henceforth EL],
Mattel and Hasbro) whose PAT are in US dollars (USD). Five French firfigll Moét Hennessy Louis
Vuitton SE [henceforth LVMH], Pernod-Ricard [henceforth RIFP], L'Or&&none, Rémy Martin). Two
German firms (Adidas, Puma), two Dutch firms (Heineken, Unilever [hencefortl) &iN] one Belgian
(Anheuser-Busch [henceforth AB-InBev]). These ten firms have their PAuias (EUR). Finally, there is
one Japanese firm (Shiseido) whose RAIh Japanese yen (JPY), one Swiss (Nestlé) whose PAT is in Swiss
francs (CHF), one British (SABMiller) whose PAS in British pounds (GBP) and one Danish (Carlsberg)
whose PATis in Danish Krone (DKK).

We chose these markets, and these countries for several reasons apart fromalzitéyavaist, we wished
to study international oligopolies to enable us to test the findings ti@airetical models in terms of the impact
of changes in the exchange rates. Second, we chose markets of differentiated conmadalsimce we study
a simple static framework and for this we need to assume that profits of peidodot spill in subsequent
periods.Third, as mentioned above, we also study the effect of the financial crisis opstaskand profits.
Finally, it is reasonable to assume that these nine markets are internatitiegitgted and the world indices

are good proxies for the global market portfolio. The next section gives a brief descriptioh ofag&et.

5.2 Markets and Market structure
We study nine marketsy which these twenty-two MNCs compete. Four of them, act in more than one
international market: Nestlé (Food processing, Pet food and Bottled water), Pepst@opfocessing and

Bottled water)P&G (Detergent, Pet food and Cosmetics) and UN (Detergent and Cosmetius)wiayt Nestlé
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faces competition from USD in all its markets and from EUR from agl&l water segment. PepsiCo from
CHF and from EUR from its Bottled water segment. P&G faces competition imea&let from a different
currency: from EUR in Detergent, from CHF in Pet food and from EUR and JPY iretiesniinally, UN
faces pressures from USD in Detergent and from USD and JPY in Cosmetics.\Beloriefly describe each
market (for full details please refer to tBA).

1) Apparel, Sports clothing, and Accessorikdorms an oligopoly, followed by a fringe of firms: Nike is the
global leader, followed by Adidas and Puma.

2) Food processingrhere are three leading food processing firms; Two US firms, PepsiCo aftd-Kods,
and one Swiss firm, Nestlé. Together they produce a large fractioohafl girocessed food sales and control
the world market for food (Market Watch, 2014). Nestlé is the largest food fitine iworld (Market Watch).
PepsiCo is the second largest food and beverage business in the world (foodprocesf0g4cemd controls
famous soda brands like Pepsi, and food brands like Déritos.

3) Beermarket.There are four brewers, who control about half of the global market. In order tfeseeare
AB-InBev, SABMiller, Heineken and Carlsberg.

4) Detergent markef his market is dominated by UN and P&G. The revenuéi\ofome from three general
categories: Home & Personal Care, Foods & Refreshment, and other operatioresefnes of P&G come
from three general categories: Household Care, Beauty and Grooming, and Health and Well-Being.

5) Pet food markei80% of the global &food is controlled by P&G, Nestlé, Mars (a privately held firm that
does not disclose its financial information), and Colgate. The direct comp&iti®&G in this market is the
segment Snacks and Pet and for Nestlé is the segment Pet Care. The revenue of@odgafeom Oral,
Personal and Home Care and Pet Nutrition.

6) Cognac markef he big four producers of Cognac are LVMH, Courvoisier, Martell, and RémtjrivRémy
Cointreau (Slate, 2008). LVMH is the global leader selling more than 40% giotbe production of Cognac,
and its profits are mainly througts exports (Cognac-expert, 2015). It belongs to Moét Hennessy, which is co-
owned by LVMH (66%) and Diageo (34%). Courvoisier is a brand of coghac of Beam Suntory, a subsidiary of
Japanese Suntory. The production is based on France. The direct compet&iontéoy in this market is the

account Alcoholic Beverages. The third firm Martell is part of thetdlaMumm Perrier-Jouét subsidiary of

2|n 2012, Kraft was divided into Kraft Foods Group and Mondelez (Markatchy 2014), reducing significantly the
number of observations for Kraft Foods in our sample. Hencetuwdy only PepsiCo and Nestlé.
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the wines and spirits group, Pernod-Ricard that produces distilled beverageyg, Réaly Martin primarily
produces cognac. As of 2011, it was owned by Rémy Cointreau, a French alcoholic beverage company.
7) Cosmetics marke€osmetics is dominated by a few MNC&réal, P&G, UN, Shiseido and EL. L’Oréal is
larger than P&G and UN. Shiseido is the largest cosmetics firm in Japan, godrthen the world (Wall
Street Journal, 2010). EL is a US firm and the direct competition in this market containseaiisas.

8) Bottled water markefhis comprises of the Non-sparkling Segment and the Sparkling segmkassbéen
studied before by Friberg and Ganslandt (2007). Nestlé, Danone, Coca-Cola and PepsiCo,dleddithe
market. (Research and Markets, 2015) The direct competition for Nestlé, Danone,deadCPepsiCo in
this market are the accogwater, Bottled Waters, Non-Alcoholic Beverages and Beverages respectively.
9) Toy marketlt is dominated by Mattel Inc., Hasbro Inc., Bandai Co., Ltd., MGA Ent., and LEGO (Economist
2013; Time, 2008j.Mattel, is the largest toymaker in the world (Fortune, 2013). Hasbro comes §eadnde,

2013) and Bandai holds the third place (Time, 2008).

5.3 Empirical Specification

We follow the seminal work of Jorion (1990) but instead of only using as a depesdiaitie the changes in
the stock price of a firm, we also use the changes in totaledBWE proxy long run exposure with stock price
exposure and short run exposure with profit exposure.

We examine the foreign exchange rate exposure with regard to the currencies obtlmmggtitors, by
running for each firm univariate as well as multivariate regressions tngriglateral exchange rates [henceforth
BERSs]. The exposure of the individual firm can be identified with BERetasus by our theoretical model in
terms of the firm competing in an international oligopoly with specified foreign and domestic corspgtie
use three of the four major currency pairs, namely EUR/USD, USD/JPYJSDICHF, but not GBP/USD.
We also, use the following five pairs: GBP/EUR, EUR/DKK, GBP/DKK, EUR/JBYR/CHF. The data are
from DataStream and Bloomberg. This specification measures how the dependéie eathe firm is affected

by the changes in foreign exchange rate. So, our estimating equations are as follows:

3 MGA Ent is privately held and does not disclose its financial information (RBMNiee, 2015). It is the fourth-largest
producer of toys in the world (Time, 2008).Finally, the fiftogucer is the Lego Group a private firm based in Denmark
that also does not disclose its financial information (The LEGO Group, 2013).
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(&). = ot + X1 Pijt (E)_ + B2itRm: + €11 (Changes in stock prices; Jorion 1990)
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(6)

ATl

AS . .
(), =voue + Zicarase (3) + e (Changes in PAT) (6)

The termR,, ; is the return on a value-weighted market index, which controls for market reotsenf

each of the nine developed markets is integrated with the rest of the work), tisethe same for all markets

and a broad-based global index can be used, the return of which is calculatecfidonghn Stanley Capita
International (MSCI) world index. This is a free-float weighted equity index andiosrdaveloped world
markets but not emerging markets. The returns were calculated asffextrdies of each price index and
expressed as percentages. We assume that the home country is integrated in the world capital markets, since,
is unrealistic to assume that the markets are closed to foreign agents abath afe now easily accessible.

The market portfolio of the home country is not the one of that countsyc@mprising of all markets that are
accessible to agents in the home country; thus this global approach usiesl anglrket portfolio that includes

all the relevant securities in the form of this broad-based global index. (see S84k, 1
APg
(%)

firm i, and(%), the of the end-of-period BER rate of change oftitgrjajor competitor as measured by the
Jt

is the rate of change on the common stock oftthirm, (AFH) is the rate of change in PAT for
it it

domestic price of the foreign currenéyso, a positive{%)jt denotes a domestic currency depreciatiois,
the number of major foreign competitors. For example, in Bé&nBev is a Belgian exporter and has
SABMiller (UK), Heineken (Netherlands) and Carlsberg (Denmark) as major cibonpethis means that we
run abivariate regression with two regressors, the BERs EUR/GBP and EUR/DKK. \Aia tite exposure
coefficientsp, ;. using the above time series regressions, which are adjusted for market moveaemnts;
measures the sensitivity of changes in the dependent variable of the firm to changesnrefulegge rates.
We follow Bartram, who argues that when using the stock returns as a depencdié vee need to

include the market return to control for correlated economic effectstiaffestock markets which are

uncorrelated with exchange rates. In this way they estimate exposure separate fcaptahed by the market

4 The bilateral exchange rag,is the price of the foreign currency in units of the home currehthe exporting firm. (If
Germany is the exporter and the dollar is the currency of the foreigretnthen the exchange rate is in EUR/USD).
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(Bodnar and Wong). In contrast, regressions with cash flow as dependent variablesndludeta market
index as an explanatory variable to evaluate the impact of the financial risks onogeshhttnce as our
dependent variable is PAT in (6)' we do not include the market return. Bnisttger difference in the treatment
of stock price and PAT exposures. We also test (6) and (6)' for the imp&et fihdncial crisis by using a

dummy variable for the years 2007-2009 (detailed results are available upon)request

5.3.1 Real Exchange Rates

While the bilateral exchange rates are of direct relevance to our theory, weedallse tesal exchange rate as an
index that captures the economy-wide implications of exchange rates for mmngarrposes and to comply
with the majority of the literature as explained below. The real exchange[hateceforth RER], is calculated

as usual; the nominal exchange ndtis adjusted for the consumer price index of the specific country. The real
effective exchange rate is expressed in constant prices of 2010 and it is calculatedigisted geometric
average of the exchange rates of selected countries.

Mainstream studies of exchange rate exposure, use end-of-month exchange ratese{Badr2002).
Jorion uses a RER, while Bodretral.,useRERscalculated using monthly average prices from DataStfeam.
Bartram estimates the exchange rate exposure of 6,917 U.S. nonfinancial firmsafestr&m and finds that
several firms are exposed to at least one of the following currencies, the Canadian PYlard EUR.

Our empirical application uses four major currencies; USD, EUR, JPY, GBPalsd includes CHF and
DKK; the data are from DataStredhAs an index for the entire economy, the RER is a parsimonious
representation and thus convenient in use (Jorion). It also deals with thenpafbinulticollinearity arising
since many cross-exchange rates are fixed relative to each other, or neantpad. (dowever, the RER may
dilute the market exposure of the individual firm that can be identified BERs as it is an economy wide

instrument while the BERs are “firm in relation to its market competitors” instruments:

&) —pB.. (As . .

( Pl Bo,it + Bjt ( S )j,t + BoitRme + €t (7)
ATl As 1
(?)i,t =Yo,it T Vi,t (?)j’t + Ut (7)

5> DataStream provides a synthetic Euro exchange rate for dates before its introduction
6 Danish krone is pegged to EUR in ERM II, the EU exchange rate mechanism.
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(E) is the rate of change of thiy pnd-of-periodRER. A positive(f)
S j,t S

denotes a domestic currency
jit
appreciation. A positive (negative) exposure coefficient means that a depreciation of thécdoumescy

leads to an increase (decrease) in the dependent variable of the firm ovethé#r lmords, a domestic currency

depreciation (appreciation) is favorable (unfavorable).

5.3.2 Overall Significance of the Exchange Ratesi®éo

When exchange rates are highly correlated, hoping to find individually signiézposures might be asking
too much due to multicollinearity. A Wald-test can be used to determine whattzegroup, the exchange rates
affect profits or stock prices. Hence in (6) we use a Wald-statise@stavhether all the explanatory variables
except the market return are jointly insignificant, and in (6)' whethehaléxplanatory variables are jointly
insignificant.

For ordinary least squares with conventional standard errors, the F and thstaltlatic are identical. If,
however, robust standard errors are used, the equivalence between the two breal&imbewnve have
corrected our results for autocorrelation and heteroscedasticity with the Nevegypidaedure, the F-statistic
is not robust to heterogeneity or serial correlation and we need aVdblasstatistic to test that all the exposure
coefficients, or a subgroup of them, are zero. A similar argument applies faulllee M-estimator. In this case
the F-test is not a robust statistic as well, and we calculate the Rn-squaséd stiaich is a robust version of
a Wald-test. It tests the hypothesis that either all or a subgroup of theteaept coefficients are zero. The
statistic is asymptotically distributed as a chi-squared with degrees of freednomtber of the non-intercept

robust coefficient estimates in question.

6. Empirical Results

6.1. Exposure to Bilateral Exchange Rates

We conduct stock returns and PAT regressions for each firm w.r.t. the BERmgare foreign exchange
exposure in Egs. (6) - (6)' using semiannual data séttiigThe exposure coefficieft ;. is estimated in Eq.

(6) and it is adjusted for market movememt® correct for autocorrelation and heteroscedasticity with the
Newey-West procedure. The results of the univariate (one BER at a time) bilateral excitanggressions
show that 22.7% (five out of twenty-twd of the sample firms having a significant foreign exchange exposure
as indicated in Table 1, column 2 (henceforth c®b)enhance comparability among the firms in each market

we also match the estimation pelsoFor example in the Sports market the available data for Nike is for 1990-
2



2015 but for Adidas and Puma for 2000-2015. Hence we also run a regression for Nikeederiod 2000-
2015. The percentage of significant results in Table 1 increases when we mastintlation periods to 31.82%
(seven out of twenty-twogsthe stock price exposure of both Heineken (in terms of EUR/GBPRéH#el
become significantly positive. All firms are positively exposed ta tt@responding BERS.

In the majority of firms the stock price exposures are resilient toiffeeetht robustness checks; however
they are not robust for Adidas and EUR/USD, Nestlé and CHF/USD, AB-InBev andsBPRind UN and
EUR/USD. Also, the financial crisis affects the results of Heineken and EURANIEY P&G and USD/JPY
(results are available upon request).

The calendar PAT for most firms are the same to the fiscal PAT. The calenbdar®# one period before
the fiscal PAT for: Nike, P&G, SABMiller an&L; therefore we do not conduct firby-firm regressions of
calendar PAT changes on changes in the exchange rates as the results will bétol¢h&casults from the
regressions on fiscal PAT for these four firms. There are different eepfigures for the calendar and fiscal
PAT for: AB-InBev, Rl FP and Shiseido and we run both calendar and fiscal PAT regressions for these firms.

Notably, only Heineken has significant fiscal PAT exposure to EUR/DKK (-190.08, p-##6&6, and
adjusted R-square [hencefoRf], equal to 12.32%), in the univariate BER regressions during 2000-2015.
Moreover, we note that some firms are significantly exposed to the BERs wheatatetihe estimation periods.

For example, PepsiCo has a significant exposure to USD/CHF (1.16, p-value 2.88%eapl to 8.59%),
since the three outliers in PAT were all during the 90s. Also, Heineken is sigtifiegposed to EUR/DKK (-
239.03, p-value 2.69% amfequal to 14.99%) during 2002-2015. The PAT results are resilient to the different
robustness checks for all firms (the results are available upon request).

[Insert Table 1]

The stock returns on changes in the bivariate (both BERs at the same time) BER regressionsfiorEq. (6)
k=2 result in 18.18% (four out of twenty-two) of the sample firms haaisignificant exchange exposure (Table
2), which is lower than the univariate BER regressions. When we match thatiestiperiods the results do
not change. The bivariate stock returns regressions can serve as an indfchtianfioms are affected by
different competitors within their international mark8tain Table 2, Heineken is affected by EUR/GBP but
not EUR/DKK implying that competition from SABMiller maybe strong, while contioet from Carlsberg is
less so. Similarly, Carlsberg faces strong competition from SABMiller but not frormBBv and Heineken.

[Insert Table 2]
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As mentioned in 5.3.2 we use the Wald-test to determine whether, as a group, theeexatesnaffect
stock prices or PAT changes and evaluate the overall significance of the excahngiodel in those two
regressions. The results of the test for the stock returns are presentdalér2,Tcol. 4 for both entire and
matching estimation periods, confirm what we have revealed for the p#eizti of each exchange rate on those
firms. When we match the estimation periods the results do not change.

The corresponding results for the overall significance on the fiscal aeddeal PAT changes are not
reported (results are available upon request). No firm has a significantdaaPAT exposure to the bivariate
BER regressions irrespective of whether we match the estimation periods althmatgh the results are not
resilient to the different robustness checks for Heineken, Nestle and PepsGUalthstatistic for the overall
significance of the fiscal PAT of PepsiCo indicates that profits andyjaignificantly affected by USD/CHF
and USD/EUR for the common market period 2000-2015.

We note that Hasbro is the only firm that has combination of a signtffiscal PAT exposure (14.00, p-
value 2.90% an®?equal to 1.75%) in the bivariate BER regression, while its stock price isgmificgintly
exposed to either or both BERs, USD/JPY and USD/DKK. In the majority of firenlBAT results are resilient
to the different robustness checks;ytlaee not robust foAB-InBev, UN and Hasbro. The PAT of Hasbro are
also insignificant during 1990-2015, to both USD/JPY and USD/DKK in the unigdER regressions. When
we drop all the outliers simultaneously the coefficient of USD/DKK becomesisantly positive. The joint
significance tests confirm the results (available upon request). The Wadd{@ist significance confirms the
results (Table 2). When we drop all the outliers simultaneously the coeffiziettSD/JPY becomes
significantly negative. When we drop the first half of 2008 observation, the cesffi USD/DKK becomes
significantly negative. After the other robustness checks it remainsiinségnt. We note that the economic
crisis affects the results of Heineken and Carlsberg (results are available upon request).

Some firms have significant fiscal PAT exposures to the bivariate BER regrea$iensve match the
estimation periods; Heineken has a significant exposure to EUR/DKK (-191.5%iep4/80% an®? equal to
9.56%) during 2000-2015 and (-239.22, p-value 3.53% Rtndqual to 11.78%) during 2002-2015, and

PepsiCo a significant exposure to USD/CHF (1.14, p-value 4.03%%adual to 5.79%).

6.2. Discussion of univariate and bivariate regi@ssesults

30



As we noted above, when we regress the stock price of Heineken (Taltdl2pn EUR/GBP and EUR/DKK,
EUR/GBP is significant but both coefficients are insignificant éuhivariate BER regressions (Table 1, col.
2). However, after the robustness tests, the stock price of Heineken is again significatiiky fooEBIUR/GBP
(results are available upon request).

In Sports, the stock price of Nike (Table 1, col. 2) is insignifitaty SD/EUR when we include the entire
sample period, 1990-2015, as the estimation period. When we estimate exposure for 1990-200Cwe
significantly positive exposure coefficient. The stock price exposure of Puma to EUR/UBSIsficant.

The stock price of Nestle is significantly exposed to CHF/USD and noHEIELIR in Table 1, col. .2
This implies that the link between the exposure of Nestlé and paxfsitslJS competitors, PepsiCo, Coca-
Cola, Colgate, and P&G is either stronger or in the same direction to the lislespiisure and pass on of its
European competitor, Danone. The robustness of this result is confirmed below whidyvihe impact of
the RERs on the stock price of Nestlé, which is significantly negative to CHF in isaufaile 2000-2015.

In the Beer marketAB-InBev faces bothwithin (EUR) competition from Heineken arigetween
competition from the other brewers and pressures from EUR/GBP and EUR/DKK. Theapaiies for
Heineken. SABMiller faces onlietweencompetition from the other brewers and pressures from GBP/EUR
and GBP/DKK. Finally, Carlsberg faces otdgtweencompetition from the other brewers and pressures from
DKK/EUR and DKK/GBP. The stock price of AB-InBev is not significantly exposed to neither EUR/GBP no
to EUR/DKK, neither in the joint Wald-test nor in the individual tdeslowever, when we remove the outlier,
or we calculate Huber M-estimator we conclude that our model provides a béttan fihe market return model
only, during 2000-2015. This result is not confirmed during the common period 2002-2015. The resolts are
robust forAB-InBev and EUR/DKK. The stock price of AB-InBev remains insignificant to EUR/D#uging
2002-2015 (Table 1, col. 2) and after we calculate the Huber M-estimator. Howeveheafithrar robustness
checks it becomes significantly positive.

The bivariate stock price exposure of Heineken to EUR/GBP and EUR/DKH#nidicgint during 2000-
2015 (as well as for the period 2002-2015), with the coefficient of EUR/DKKsigmiificant while the
coefficient of EUR/GBP is significantly positive; the joint significanests confirm the results (Table 2). The
joint Wald-test also, confirms the impact oEtBERS on the stock returns of Heineken during 1997-2015 or

2000-2015. During 2000-2015, the same periodABsinBev and SABMiller, there is no change in the
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qualitative results for the stock price or the PAT of Heineken. When we accotim fefifect of the crisis both
coefficients become significant; the coefficient of EUR/GBP is positive and thatREK is negative.

The PAT of Heineken are insignificant to EUR/GBP, but become significarglfiyaowhen we drop the
outlier in the first half of 2009. They are also insignificant to EUR/DKKirdp 1997-2015 and become
significantly negative to EUR/DKK during 2000-2015. The PAT of Heineken to BUREUR/GBP is
insignificant during 2002-2015 and significantly negative for EUR/DKKr the PAT of Heineken to both
EUR/GBP and EUR/DKK during 2002-2015, the coefficient of EUR/DKK is ficamitly negative while the
coefficient of EUR/GBP is insignificant. TH statistic confirms the joint significance of the coefficients
(results available upon request). After calculating the Huber M-estimaggoattern remains the same. When
we drop the outlier, both coefficients become significant, negative for the[B¥Rand positive for the
EUR/GBP. The fiscal PAT of SABMiller to GBP/DKK during 2002-2015 is insignificant.

In the Detergent market, there is ohtweencompetition, between UN and P&G. Neither the stock price
nor the PAT of UN are exposed to EUR/USD during 2000-2015. The same is true foarRRGSD/EUR
during 1990-2015 or 2000-2015 (Table 1, col. 2). During 1990-2000 the exposure becomes positive.

In the Pet food market Colgate facgishin competition from P&G and Mars arbtweencompetition
from Nestlé. We study the stock price exposure of P&G to USD/CHF, sindetiveencompetition stems
from Nestle and ndd/N in this market. The exposure is insignificant (Table 1, col. 2). Wesalsly the reaction
of PAT of P&G to USD/CHF (results available upon request). During 2000-2015istlaé PAT are still
insignificant, while there are significantly negative for 2000-2010. The Beit price and PAT exposure of
Nestlé to USD and to CHF/USD is the same wdthis exposure in the food market so we do not study it again.

In Cognac, LVMH faced®etweencompetition from Suntory angithin competition from the other firms
and pressures from EUR/JPY. The same applies for the other firms in thet meanipt Suntory. The Cognac
market is very interesting as all the French firms have significack gtice exposures to EUR and, except
RIFP, to EUR/JPY during 2000-2015. The latieithe result of competition by Japanese Suntory, the second
largest firm behind LVMH. The exposure of French cognac firms to exchange rates andigspdé&tal mainly
comes from the fact that over 96% of produced cognac is exported (Cognhac-expert@0d0ag is difficult
to produce to a country other than France as its quality is heavily dependedronreautalkconditions hence

Japanese Suntory has its plants in France. As the Japanese Yen is strong, dapdngs€ognac for a price
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lower than in France (Cognac-expert.2010b), while the French firms cannot easity egganpts by Suntory
to pass on the exchange rate appreciation. We cannot study Suntory because our sample fas thisdikm

The stock price exposure of LVMH to EUR/JPY is significantly positive during 1999-2008-2015
and 2002-2015 (Table 1, col. 2). Unlike the stock priceP#T of LVMH are insignificant to EUR/JPY for all
these periods. The stock price oFRIbecomes significantly positive to EUR/JPY during 2002-2015.

In Cosmetics, L'Oréal facegithin competition fromUN andbetweencompetition from P&G, Shiseido
and EL and the same foN. L'Oréal faces pressures from EUR/USD and EUR/JBN. faceswithin
competition from L'Oréal Group argktweencompetition from P&G, Shiseido arfl. and pressures from
EUR/USD and EUR/JPY. The cosmetics stock price exposusiNdb EUR and EUR/USD is the same with
its exposure in the Detergent market. We study the exposlBl stock price to EUR/JPY (Table 1, co). 2
since thebetweencompetition comes from Shiseido at this market. Similarly, we study the reat®Ar of
UN to EUR/JPY and jointly on EUR/USD and EUR/JPY:; in both cases the coefficientssayaificant and
the Wald-test in Table 2 confirms this result.

P&G faces bothwithin competition fromEL andbetweencompetition from the other three firms. The
cosmetics stock price exposure of P&G to USD or to USD/EUR is the same itsthtposure in the Detergent
so we do not study it again. We need to study the stock price exposure of PEBAIPY (Table 1, col.)2
since Shiseido is one of thetweencompetitors in this market.

The stock price of P&G is not significantly exposed to USD/EUR during 1996-2015 (Table 3; &dk 2
also insignificant to USD/JPY. The stock price of P&G during 1996-2015, isnifisant to both USD/EUR
and USD/JPY and the Wald-test confirms the results (Table 2). We also stusdgak@rice and fiscal PAT
exposure of P&G to all three USD/EUR, USD/JPY and USD/CHF and to the @iD&EUR, USD/CHF and
USD/JPY and USD/CHF (results are available upon request).While the stock price and fiscabBareof
P&G are insignificant during 1990-2015, variations in the periods produce some significant result:igncom
estimation period€L faceswithin competition from P&G anHetweercompetition from the other three firms.

Shiseido faces onlyetweencompetition. The stock price exposure of Shiseido to JPY/USD (JPY/EUR) is
positive (insignificant) during both 1999-2015 and 2000-2015 (Table 1, col. 2). Thatdwagression stock
price exposure of Shiseido to JPY/USD and JPY/EUR confirms this finding with onlgrtherfsignificant in
both periods (Table 2). Hence, Shiseido is significantly affected by JPY/USD iomlying that the link

between the pass through of P&G and EL and the exposure of Shiseido is stronger th&rbtdtevdien the
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pass through of L'Oréal and UN and the exposure of Shiseido. The Wald-test confirms gigrjdicance of
JPY/USD and JPY/EUR (Tabl§.2

In the Bottled water market Danone faces didyweencompetition and pressures from both EUR/CHF
and EUR/USD (both coefficients are insignificant both unilaterally andypirCoca-Cola faces bothithin
competition from PepsiCo artktweencompetition from the other three firms. The stock price of Coca-Cola is
insignificant to both USD/CHF and USD/EUR for the univariate BER regresgicable 1, col. 2) and for the
bivariate BER regressions (Table Zhis may be because Coca-Cola is a strong firm and also because PepsiCo
is astrong domestic competitor resulting twighin effect in the opposite direction to thetweeneffect.

The PAT of Coca-Cola are also insignificant to both BERs USD/CHF and USDI&EU&th the univariate
and the bivariate BER regressions in all three periods and the Waldjtést significance confirms the results
(results available upon request).

The bottled water stock price exposure of PepsiCo to USD/CHF is theva#hmies exposure to Food
processing so we do not study it again. We only need to study stock price exposure ai RepSO/EUR
and in both USD/CHF and USD/EUR, since Danone is one dfdtveeencompetitors in this market. We also
study the common market period, 2000-2015. PepsiCo feitda competition from Coca-Cola afktween
competition from the other two MNCs. The insignificance of the results in both wie/aand bivariate
regressions may be the result of one or both of the two reasons mentioned for Coca-Cola.

Nestle faces onlpetweencompetition and pressures from both CHF/EUR and CHF/USD. The bottled
water stock price exposure of Nestlé to CHF/USD is the same to its exposure to Feesdipgoor Pet so we
do not study it again. We study the stock price exposure of Nestlé to CHF/EUR laoith CHF/EUR and
CHF/USD, since Danone is one of thetweencompetitors in this market segment. The stock price of Nestlé is
significantly positively exposed to CHF/USD but not to CHF/EUR, in bothitipariate and the bivariate BER
regressions, and the Wald-test of joint significance confirms thegd3alble 2). Hence, the link between the
exposure of Nestlé and the pass through of its US competitors, PepsiCo, Coca-Calte, @olty P&G is
stronger than the link between its exposure and the pass through of its Europpatitagndanone. The
financial crisis does not change the pattern.

In the Toy market Mattel facegthin competition from Hasbro and MGA amheétweencompetition from
Bandai and Lego and pressures from USD/JPY and USD/DKK. HasbrowdlciEscompetition from Mattel

and MGA andetweercompetition from Bandai and Lego and pressures from USD/JPY and USD/DKK. Mattel
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and Hasbro are of equal strength and they are not significantly exposed to USBunhatély we cannot study
Bandai because of insufficient data for this firm. It would be interestihgve data for Bandai Toy firm, since

in this train of thought Bandai should be significantly exposed to JPY. The PA&sbro are negatively
exposed to USD. When we regress the PAT of Hasbro jointly on USD/JPY and USDIIKJPY is
insignificant while USD/DKK is significant. This implies that the link betwdenexposure of Hasbro and the

pass through of Lego is stronger than the link between the exposure of Hasthe past through of Bandai.

This is an intuitive result since the revenues of Hasbro mainly canmeToys, while the revenue of Bandai

from Video Game Contents, and other electronic toys, so the competition of Hasbro is stronger with Lego than
Bandai. The pattern remains the same when we drop the outliers or account ffacthef éfie crisis. Bandai

faces onlybetweencompetition and pressures from JPY/USD and JPY/DKK.

Finally, P&G along with Nestlé are the only firms in our sample thainattiree markets: Nestlé (Food
processing, Pet food and Bottled water), and P&G (Detergent, Pet food and CosP&E$as two strong
domestic competitors Colgate and EL and four competitors from different countrigg; Qdal, Nestlé, and
Shiseido. Moreover, it is the only firm in our sample that faces pessfiom three BERs: USD/CHF from Pet,
USD/EUR from Detergent and USD/EUR and USD/JPY from Cosmetics. However, iNdite that is

significantly exposed to CHF and CHF/USD, P&G is exposed to neither USD nor any BER.

6.3. Exposure to Real Exchange Rates

It is the BERs that are of relevance to our theory but we also use the RERs waitindsx captures the
economy-wide implications of exchange rates and it is useful for comparisons. We comdtlmy-firm
regressions of stock returns and PAT changes on changes in the RERs and we coe@Enay exposure on
stock market returns and PAT changeg&qgs. (7 - (7)'.

Table 1 col. 4, reports the stock price exposure to the RERs. We find that 40.91%uhofawenty-two)
of the sample firms have significant foreign exchange exposure. The percentagesafiple firms with
significant foreign exchange exposure increases when we match the estimation petlnd§% (ten out of
twenty-two)asthe stock price exposure of Heineken becomes significantly negative. In thetyradjdinms
the results are resilient to the different robustness checks; the results anbusd for Adidas, Puma and
Carlsberg (results are available upon request

The 40.91% and 45.45% are much higher than the 22a3 31.82% respectively that come from

regressions using the RER#is is expected as RERs capture other factors as well apart from camp@tiie
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within competition may also mask some of the strength ob#t@eenwhen the former runs in the opposite
direction to the latter resulting in smaller and less significant BERs. lraléaad firms from our sample are
exposed to RERs but not to the BERs: Puma, AB-InBev, Rl FP and Danone. As eask &duh&érms come
from different markets (Sports, Beer, Cognac, Bottled water respectithalyfurther confirms that for some
firms thewithin competition may mask thetweencompetition effect on exposure when the former runs in the
opposite direction to the latter in the market where it operates. On the othetheastdck price of Carlsberg
is significantly positively exposed to DKK/GBP and in the bivariate regression the carffidiDKK/EUR is
insignificant while the coefficient of DKK/GBP is significanthpsitive while the Wald-test confirms the joint
significance of both DKK/EUR and DKK/GBP (Table 2). However, tloelsprice of Carlsberg is not exposed
to DKK (Table 1, col. % Here we are dealing with a case where there is onlgdtveeeneffect affecting the
stock price exposure of Carlsberg given the values of the cross price effects of the parameters.

All firms are negatively exposed to RERs except for Puma which is pbgixpo®dto EUR; after the
alternative robustness checks Adidas becomes also significantly exposed tdUEUMth a negative
coefficient! Remarkably, at least one firm in each market has a significant stock price exposuregrcRfR
in the Toy market that neither Mattel nor Hasbro are significantly exposed.

On the other hand, the percentage of firms with significant PAT exposure tisR&Rh smaller (results
are available upon request). Notably, only Hasbro has significant fiscal PAT exmobl8P (-29.96, p-value
1.82% andr? equal to 4.25%), while its stock price exposure in Table 1, cdd. idsignificant. What
distinguistes Toys is that it may be considered as semi-durables or even durables, inditattitang run
exposure (proxied by the stock price exposure) is lower than short run exposure (pytheegrofits exposure)
for such goods as opposed to consumables (see sectiorigiindhexplain why this market alone seems to
have a significant profit and an insignificant stock price exposure. This hgmoihdeyond the scope of this
article but it can be the focus of a future article comparing exposure for durable s/isoastimable goods.

No firm has a significant calendar PAT exposure on RER irrespective ofavhlvethmatch the estimation
periods or not (results are available upon request). The results are not resitfentrobustness checks for
Adidas and Hasbro; for Hasbro when we calculate the Huber M-estimator or account forcthef éfiie crisis

its PAT become insignificant (results are available upon request).

" However, when we run the different robustness checks theumgpasPuma to EUR becomes insignificant.
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In Sports, the stock price of Nike is not exposed to USD, but the stock price of Adidas and Pured is (alb
only for one firm at a time depending on whether we look at the pre-robustness (®uh@apost-robustness
results (Adidas)). While Adidas and Puma are domestic rivals, Nike dodéaceatithin competition. Also
exposure depends on the power that your competitors have to pass on the exthahgagas to the prices
of ther product; if Nike has more power to pass on the exchange rate changes as compadzs tantldPuma
this results to Adidas and Puma being exposed to BIUR.important to remember that thvthin cross price
effects are not symmetric, i.8;,, # 62, SO the fact that for Puma tiéthin competition with Adidas may
mask thebetweencompetition the reverse is not necessarily true, as our empirical resoiiisn. The stock
price exposure of Nikéss reported in Table 1, col. 4) and PAT to USD remains insignificant during ZIIR-
Puma is the only firm in our sample with a positive exposure to EUR (Table 1, odhild)Adidas has an
insignificant one. These results can be loosely (as these are RER rather theagSBonsreferenced back
to ourwithin andbetweencompetition model. In theetweerandwithin competition case exposure depends on
the sign (and if negative on the size too) of the pass on of therfdieig(Nike) and it also, depends on the
sign and size of the price elasticity of the rival firms (Adidas Ruaoha) w.r.tS. If the domestic competitor
Puma affects the exposure of Adidas throughwitiein effect, its exposure is insignificant (Table 1, cdl. 4
implying that thewithin andbetweeneffects work in opposite directions and offset each other. On the other
hand, for Puma the existence of Adidas affects its exposure througtithite competition effect and its
exposure is positive given the sign and size of the price elasticitiesSmf.Adidas and Nike, the domestic
and foreign competitor correspondingly.

In Food processing, results remain unchanged for PepsiCo and USD between 2000-2015 and 1990-2015.

In the Beer market, the exposure of the stock price of AB-InBev to EEdRins significantly negative
during 2002-2015, and its PAT remain insignificant. The stock price of Heineken irfisignificant during
1997-2015, becomes significantly negative to EUR during 2000-2015 and 2002-2015 (Table 1TkelPAT

of Heineken to EUR is insignificant during 2002-2015.

The stock price exposure of Adidas is insignificant as reported in Tali#®wever, following robustness checks the
exposure of Adidas to the EUR becomes significantly negative.
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In the Detergent market, the only 1x1 international oligopoly of our sample, nighstiock price nor the
PAT of UN are significantly exposed to EUR, during 2000-2015 (Table 1, )®helsame is true for P&G. It
is not significantly exposed to USD during 1990-2015 or 2000-2015.

In the Pet food market the Pet stock price exposure of P&G to USD is the s@s@xposure in the
Detergent market so we do not study it again.

In the Cognac market the stock primeLVMH is significantly negative to EUR during &lhe periods,
1999-2015, 2000-2015, the same period as RIFP, and 2002-2015, and after the robustness checks (Table 1, co
4). However, it becomes insignificant (though marginally) when we account for outliers during@e®and
2002-2015. The PAT of LVMH are insignificant to EUR, in all three peridde stock price oRIFP is
significantly negative to EUR during 2000-2015 (Table 1, cpl. 4

In Cosmetics, the stock price of P&G is not significant to USD during 2896, the same period B&
(Table 1, col. 4). The stock price of EL is not significantly exposed to USBbgdits full sample period, 1996-
2015, or during 2000-2015 (Table 1, col. 4). When we estimate exposure durin@@@)0t becomes
significantly negative.

In the Bottled water market the stock price of Coca-Cola is insignificaib i, during 1984-2015, 1990-
2015 and 2000-2015 (Table 1, col.4). Also the PAT of Coca-Cola are insignificant tarl8Dhree periods.
Both the exposure of the bottled water stock price of Nestlé to CHF isathe to its exposure to Food
processing or Pet Food and the exposure of the bottled water stock price of Pept8Cois the same witlo

its exposure in Food processing so we do not study it again.

7. Conclusions
We describe a novel theoretical framework encompassingwittitin andbetweencountries competition and
we study the impact of exchange rates on the returns and profit changes of firms competimgernational
oligopoly. We look at firms offering differentiated consumable goods competing undergorit quantity
competition. Interestingly, a foreign currency appreciation has a greater impheteagutlibrium prices of the
home and foreign firms in the case of quantity competition as compared to price competition.

To avoiddynamic interaction effects, we focus on consumable goods producers to estimate exchange rate
exposure arising from the strategic interactibaesveenandwithin firms.

Our theoretical results support imainstream view that as the foreign currency appreciates, the home firm

gains at the expense of her overseas rival, since it allows the formemntalbptiharge higher prices and forces
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the foreign rival to reduce her equilibrium prices in a quantity sdithgeercountries only competition model.
However, this result does not always hold in other specifications. So insthefgarice competition it depends
on the price exchange rate elasticity of the rival firm in a market wihere is onlybetweencountries
competition like, for example, the Detergent market, dominated by UN and P&G.

The coexistence dietweenandwithin competition, enhances our knowledge of competition interactions
among firms in an international oligopoly. &betweenand thewithin countries competition may act as
opposing forces when it comes to the effect of the exchange rate on the pptemlquantities) and profits
in both the Bertrand and the Cournot models. One such example&isdiie marketsee3.2.1 and section 6.1).

We test exposure to real and bilateral exchange rates using stock prices andfpwofitsyenty-two
multinational firms from nine markets during 1984-2015. We examine the robustnespasiure usig
alternative robustness tests. While it is the bilateral exchange ratestbataect relevance to our theory, we
also use the real exchange rate which as an index captures the entire economyiridat msults, featuring
distinctive examples of multinational firms like Nestlé and Procteraénile, confirm our argument as derived
from our theoretical analysis, that there is a link between the size pass through of each firm on the exposure
of the other firm; hence the ability of each firm to pass on the exchange ratechaitg customers affects the
degree of the impact of exchange rate on the profits (or stock prices) of the other firm. Thagekiitms
with significant stock price exposure to the bilateral exchange rates is 31.82kdpmacthan the 45.45% that

comes from the real exchange rates regressions, as the latter capture other factoepad wefthpetition.
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Fig. 1. The Bertrand - Nash Equilibrium in the 1x1 differentiated goods duopoly model.
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Tablel

Univariate bilateral exchange rate (BER) andReal exchange rate (RER) exposure estimations of stock

prices.C denoteszommon market estimation periods andNA Not Applicable.

Firm Bilateral Adj-R-  Real Stock Adj-R- BER RER Time
Stock price  square price square period
Exposure Exposure
Apparel, Sports clothing, and Accessories Market
Nike Insignificant Insignificant USD/EUR  USD 1990-2015
Nike Insignificant Insignificant USD/EUR USD  2000-2015
Adidas Insignificant Insignificant EUR/USD EUR  2000-2015
Puma Insignificant 4.0191 10.86% EUR/USD EUR  2000-2015
(0.0397)
Food processing Market
PepsiCo Insignificant Insignificant USD/CHF USD 1990-2015
PepsiCo  Insignificant Insignificant USD/CHF USD  2000-2015
Nestlé 0.6588 37.11% -1.4289 50.38% CHF/USD CHF  2000-2015
(0.0001) (0.0003)
Beer Market
AB-InBev  Insignificant -4.3280 4551% EUR/GBP EUR 2000-2015
(0.0345)
AB-InBev Insignificant NA EUR/DKK  EUR 2000-2015
AB-InBev Insignificant -4.2657 40.96% EUR/GBP EUR 2002-2015
(0.0029)
AB-InBev Insignificant NA EUR/DKK EUR  2002-2015
SABMiller  Insignificant Insignificant GBP/EUR GBP 2000-2015
SABMiller Insignificant NA GBP/DKK GBP 2000-2015
SABMiller Insignificant Insignificant GBP/EUR GBP 2002-2015
SABMiller  Insignificant NA GBP/DKK  GBP 2002-2015
Heineken  Insignificant Insignificant EUR/GBP EUR 1997-2015
Heineken Insignificant NA EUR/DKK  EUR 1997-2015
Heineken Insignificant -2.5000 34.15% EUR/GBP EUR 2000-2015
(0.0345)
Heineken Insignificant NA EUR/DKK  EUR 2000-2015
Heineken 1.3623 41.21% -2.7447 33.22% EUR/GBP EUR 2002-2015
(0.0252) (0.0400)
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Heineken
Carlsberg

Carlsberg

UN
P&G
P&G

P&G

P&G

P&G

P&G
Colgate
Colgate

Nestlé

LVMH

LVMH
LVMH
RI FP
RI FP

Rémy
Martin

L'Oréal
L'Oréal
UN
UN

P&G

P&G

Insignificant
Insignificant

2.6023
(0.0063)

Insignificant
Insignificant
Insignificant

Insignificant

Insignificant
Insignificant
Insignificant
Insignificant
Insignificant

0.6588
(0.0001)

1.0000
(0.0000)

0.8562
(0.0000)
0.9420
(0.000)
Insignificant

0.6137
(0.0006)
1.0979
(0.0020)

Insignificant

Insignificant
Insignificant
Insignificant
Insignificant

Insignificant

54.68%

37.11%

76.74%

71.38%

74.50%

47.56%

27.17%

NA

Insignificant

NA

Detergent Market

Insignificant
Insignificant
Insignificant

Insignificant

Pet food Market

Insignificant
Insignificant
Insignificant
Insignificant
Insignificant

-1.4289
(0.0003)

50.38%

Cognac Market

-3.9498
(0.0003)

NA

-3.9826
(0.0003)
-2.3914
(0.0049)
-2.1517
(0.0053)
-4.9110
(0.0021)

65.38%

71.19%

20.96%

39.95%

25.45%

Cosmetics Market

-3.3474
(0.0004)
NA

Insignificant
Insignificant
Insignificant

Insignificant

45

29.98%

EUR/DKK
DKK/EUR

DKK/GBP

EUR/USD
USD/EUR
USD/EUR

USD/EUR

USD/CHF

USD/CHF

USD/CHF
USD/CHF
USD/CHF

CHF/USD

EUR/JPY

EUR/JPY

EUR/JPY

EUR/JPY

EUR/JPY

EUR/JPY

EUR/USD

EUR/JPY
EUR/USD
EUR/JPY
USD/EUR

USD/EUR

EUR

DKK

DKK

EUR

usb

usbD

usbD

usbD

uSbD

usD

usbD

usbD

CHF

EUR

EUR

EUR

EUR

EUR

EUR

EUR

EUR

EUR

EUR

usb

usb

2002-2015
2002-2015

2002-2015

2000-2015
1990-2015
1996-2015

2000-2015

1990-2015
1996-2015
2000-2015
1990-2015
2000-2015

2000-2015

1999-2015

2000-2015

2002-2015

2000-2015

2002-2015

2002-2015

2000-2015

2000-2015
2000-2015
2000-2015

1990-2015

1996-2015



P&G
P&G
P&G
P&G
EL
EL
EL
EL

Shiseido

Shiseido

Shiseido

Shiseido

Danone

Danone
Coca-Cola
Coca-Cola
Coca-Cola
Coca-Cola
Coca-Cola
Coca-Cola

PepsiCo

PepsiCo

PepsiCo

PepsiCo

Nestlé

Nestlé

Mattel

Insignificant
Insignificant
Insignificant
Insignificant
Insignificant
Insignificant
Insignificant
NA

1.2222
(0.0050)

1.2642
(0.0036)
Insignificant

Insignificant

Insignificant

Insignificant
Insignificant
Insignificant
Insignificant
Insignificant
Insignificant
Insignificant
Insignificant
Insignificant
Insignificant
Insignificant

0.6588
(0.0001)
Insignificant

Insignificant

21.20%

25.59%

Insignificant
Insignificant
Insignificant
Insignificant
Insignificant
Insignificant
NA
Insignificant

-1.7417
(0.0005)

-1.6893
(0.0013)
NA

Insignificant

22.71%

21.24%

Market for Bottled water

37.11%

-2.3675
(0.0183)
NA

Insignificant
Insignificant
Insignificant

NA

NA

NA
Insignificant
Insignificant

NA

NA

-1.4289
(0.0003)
Insignificant

20.58%

50.38%

Toys Market

Insignificant

USD/EUR
USD/JPY
USD/JPY
USD/JPY
USD/EUR
USD/EUR
USD/JPY
USD/JPY

JPY/USD

JPY/USD

JPY/EUR

JPY/EUR

EUR/CHF

EUR/USD
USD/CHF
USD/CHF
USD/CHF
USD/EUR
USD/EUR
USD/EUR
USD/CHF
USD/CHF
USD/EUR
USD/EUR

CHF/USD

CHF/EUR

USD/IPY

usbD

usbD

uUsb

usb

usbD

uUsb

usb

usbD

JPY

JPY

JPY

JPY

EUR

EUR

usbD

usbD

ushD

uSbD

usb

uUsb

uSbD

uUsb

usb

uSbD

CHF

CHF

uSbD

2000-2015
1990-2015
1996-2015

2000-2015
1996-2015

2000-2015
1996-2015

2000-2015

1999-2015

2000-2015

1999-2015

2000-2015

2000-2015

2000-2015
1984-2015
1990-2015

2000-2015
1984-2015
1990-2015

2000-2015
1990-2015

2000-2015
1990-2015

2000-2015

2000-2015

2000-2015

1990-2015



Mattel Insignificant NA USD/DKK  USD  1990-2015

Hasbro Insignificant Insignificant USD/JJPY USD  1990-2015

Hasbro Insignificant NA USD/DKK  USD  1990-2015
Table2

Bivariate bilateral exchangerate (BER) exposure estimations of stock prices. A star and a double star denote
that the coefficient is significant at the 5% and 1% level, respbgtiC denotecommon market estimation

periods andNA Not Applicable.

Firm Stock price Adj-R- Wald-test BER1 BER2 Time
Exposure square Linear period
Restrictions
stock returns
Beer Market
AB-InBev Insignificant Insignificant EUR/GBP EUR/DKK 2000-2015
AB-InBev Insignificant Insignificant EUR/GBP EUR/DKK 2002-2015
SABMiller Insignificant Insignificant GBP/EUR GBP/DKK 2000-2015
SABMiller Insignificant Insignificant GBP/EUR GBP/DKK 2002-2015
Heineken 1.4566 39.60% 10.2751 EUR/GBP**  EUR/DKK 1997-2015
(0.0050) (0.0004)
Heineken 1.3010 40.64% 6.8224 EUR/GBP**  EUR/DKK 2000-2015
(0.0167) (0.0040)
Heineken 1.3872 39.20% 4.0977 EUR/GBP* EUR/DKK  2002-2015
(0.218) (0.0300)
Carlsberg 2.6932 55.55% 15.19563 DKK/EUR DKK/GBP** 2002-2015
(0.0019) (0.0000)
Cosmetics Market
L'Oréal Insignificant Insignificant EUR/USD EUR/JPY  2000-2015
UN Insignificant Insignificant EUR/USD EUR/JPY  2000-2015
P&G Insignificant Insignificant USD/EUR USD/JPY  1990-2015
P&G Insignificant Insignificant USD/EUR USD/JPY  1996-2015
P&G Insignificant Insignificant USD/EUR USD/JPY  2000-2015
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EL
EL

Shiseido

Shiseido

Danone

Coca-Cola
Coca-Cola
Coca-Cola

Nestlé

PepsiCo

PepsiCo

Mattel

Hasbro

Insignificant
Insignificant

1.2399
(0.0074)
1.3231
(0.0042)

Insignificant
Insignificant
Insignificant
Insignificant

0.8633
(0.0007)
Insignificant

Insignificant

Insignificant

Insignificant

18.85%

26.99%

Insignificant
Insignificant

5.1745
(0.0120)
5.4002
(0.0106)

USD/EUR
USD/EUR

JPY/EUR

JPY/EUR

Market for Bottled water

48.85%

Insignificant
Insignificant
Insignificant
Insignificant

9.6125
(0.0009)
Insignificant

Insignificant

Toy Market

Insignificant

Insignificant

EUR/CHF
USD/CHF
USD/CHF
USD/CHF

CHF/EUR

USD/CHF

USD/CHF

USD/JPY

USD/JPY

USD/JPY
USD/JPY

JPY/USD**

JPY/USD**

EUR/USD
USD/EUR
USD/EUR
USD/EUR

CHF/USD**

USD/EUR

USD/EUR

USD/DKK

USD/DKK

1996-2015
2000-2015

1999-2015

2000-2015

2000-2015
1984-2015
1990-2015
2000-2015

2000-2015

1990-2015

2000-2015

1990-2015

1990-2015




