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INTRODUCTION

Foreign exchange rates have been volatile sinee the Tl of the Bretton
Waoods sustem, or fived exchinge rate sistem, in the 197050 This volatilin
has led 1o greater commadity price variabilie [kofman and Viaene
cpoani] and has had an effecr on the patterns ol international trade
CPhurshy and Thorsby (1955000 Thos torvard carreney markets have
become an important exchange rate stibilizing and rish management
mechanism Tor Grms involved o international trade by supplyving ex-
porting firms with the nevessany markets 1o hedge against exchange
rate rish.

Several studies have shown, using o static framewark, that when
o forward currency market eddstss a0 sk averse Tirmds production
decision s imdependent of the Tiem's aittade toward risk as well as
itn subjective probabiliy of the Tature spot exehange rate {see eg,
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and Wolf (1992}].' These studies have also demonstrated that
the firm's optimal hedge is a direct function of the bias of the
forward currency market. Specifically, a risk averse firm will over
(fully, under) hedge when the forward currency rate is greater
than (equal to, less than) the expected spot exchange rate. Finally,
these studies have shown that the introduction of an unbiased
forward currency market leads to an increase in the firm's optimal
export level.

Several authors have extended the separation result by demonstrat-
ing that it also holds: for a perfectly competitive producer who faces
both exchange rate and output price risk when the firm has access
to both a forward currency market and a futures commodity market
[Kawai and Zilcha (1986)]: for a firm that is not an expected utility
Safra and Zilcha (1986)]; for a price
discriminating firm that sells its produce in both the domestic and world
markets [Eldor and Zilcha (1987} Broll and Zilcha (1992)]; and. for a
risk averse firm which faces multiple sources of revenue risk. However,

maximizer or is not risk averse

as Katz (1984) shows, the separation result is not valid when the forward
currency market is not perfectly competitive. Broll and Wahl (1992)
extend the separation result to the case where the firm hedges its static
exchange rate risk with a currency option contract and show that the
firm fully hedges its export revenues if and only if the risk premia of the
currency put is equal to the risk premia of the call options. In a4 more
dynamic framework, Zilcha and Eldor (1991) use a two period model
to demonstrate that the separation result is not valid for a competitive
exporting firm that chooses its capital level once and for all and that
the firm tends to over hedge in both time periods when the exchange
rates are positively correlated over time and the forward currency market
is unbiased.

The purpose of this study is to investigate, using a multiperiod
framework, the effects of introducing a perfectly competitive and possi-
bly biased forward currency market on the export and hedging decision
of a risk averse firm that exports its non-stochastic production and faces
uncertain exchange rates.” In light of the empirical evidence which
rejects the unbiasedness hypothesis [see, e.g., Hodrick (1981, 1987), and
Modjtahedi (1991)]. the model does not, a priori, impose unbiasedness

"This separation resubt has abwo been derived for a fiem operating in @ closed economy which
faces cutput price uncertainty and has access to o forward-futirees commodity market [see. e.g..
Holthausen (1979} and Feder, Just. and Schmitz { 1980}

‘The assumption that the fiem s risk averse s not new, Several studies have stggested tha
managers mity be risk averse and. henee. seck to minimize total Tiem risk [Helfat (1988
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and allows for the existence of a contango and normal backwardation
forward currency markets. The results obtained are applicable to an
importing firm since the importer’s decision problem is, basically, the
same as the exporter's once the agent’s prolits have been redelined.
Further, the results do not rely on the assumption of perfect competition
in the international commodity market as long as the firm remains a
price taker in the forward currency market.”

The structure of the article is as follows. The second section
presents the general model and derives the optimal export level. The
optimal multiperiod hedging decisions are analyzed in the third section.

OPTIMAL EXPORTING DECISIONS

Consider a risk averse producer who determines its optimal export level
and forward currency hedge prior to the realization of the uncertain
spot exchange rate. It is assumed that the firm maximizes her/his
cxpected von-Neumann Morgenstern utility of uncertain wealth, where
uncertain wealth is defined as the present value of the luture stream of
uncertain profits.? Stochastic profits at time ¢ are given hy the difference
between the firm's random revenue, due to the export of its product and
the forward currency sales, and its deterministic costs of production.

Formally, the producer’s decision problem can be represented as
v
Max  EU[ Y 87'#
{qn‘l} t=1
s.t.

_ - f ~ ]

= Epyygy (e — 6’:)}’1 - C(q;) Vi {n
where 8 represents the firm's discount {actor for random prolits earned
in petiod 3 p, denotes the international price of the commaodity at time 1.

For example. the separation resalt holds as long as the firm's decision problem is linear in the
stochastic exchange rate and forward exchange rate. This linearity exists whenever the forward
currency market is perfeetly competitive and is independent of the structure of the international
commodity market [Broll and Zilcha 119921,

*The assumption that the producer maximizes histher expected utility of uncereain wealth implics
that s/he is forward looking; that is, uncertainty of future periods may modily sctual optinmal
decisions. It is important to note that this cheice of maximand affects the producer’s aptimal
mubtiperiod hedge but not hissher production and export decisions. An alternative to this decision
framewark. is one where # is assumed that the producer maximizes the expected present vidue
ot histher von-Neumann Morgenstern utility of cach period's random profits {ie., Z;[| FL(# .
This maximand implies that the producer determines period's ¢ optimal export and hedging decisions
without tuking into consideration future random effects. Thus, the muitiperiod madel would be
reduced 1o a sequential series of static decision problems since the production process is assumed
to be time separable. and the properties of the muluperiod model would be the same us thase of
the static model.
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o and ¢ e the stochaste ~pat exchange rate and the torvard exchanue
rote from date o Frodate forespectinele g is the firms optimal evport
fevel commnred 1o bolore the resolution of ancertinnty te . helore &
i ko v represents the foraard sale of Toreign corrency by the
Fieory i date 1 - Do be delivercd o doe 10 The cost fanetion, (g b
assed, e mest madeis o be nondecreasing and comves in g,
Sespning an inferio sofution essts For ol 00 the necessar and

sulflicrent Hiest order condivions” assochated with o1y e

Pl n ot L ST 0, {1 s
P ol 0y 0 he
where =70 denotes the opttnad Tesels of the choree varables when o

forward currcnay murher exisis, T represents the present discounted
vabie ol profice £ denctes the producer> mformatian et at time £, (0
iv composed of Wl aaideble sntornmation inclading past realizations of
pricess enchinee ratess and ovport and hedging decisions,

Fgoations s Taeaad  The fph that the Tame determimes s optanal
autput acconding to the Tollowing rofe

i
¥

oy (‘(f [

et e the ontusel esport evel s determed By cquatine the lirms
nuarannd cost to the corten domestio price estabiished by the faraaed
exnebnmge vates Daintion o2 ostablishes thar the Separation Theorem
holds for the muluponiod case swhen all inputs can be optinealh adionsted
at bt periods s Therefores the Hrm's optimal volume of cxport s
independent of the producer’'s utilin fanction and of the probahiling
distribution of ¢ That o the producers Tevel of exports v completely
determined 3)} the weendd g#%'éarx Forwrd one E‘L;EH;L(‘ rate, aud 1'%‘5){31&(’?1'0{5
costs b Lo 7

Hlonee, by parteipating m the forserd currenoy markets the pro

ducer i capable of climinaning the uncertamn e Tacess This resalt

-

relios onthe time separabnline of the production process sinee. as Zilcha
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of whether the Tirm takes inte account future ancertaintics when
determining todanv’s optined export fevels ar does not tahe them into
seconnt. That iso it is dndependent of whether the muimand s the
exnpected atlity of uncertain wealth or the present discounted expected
utilits of cach period’s uncertain profits. This muadtiperiod sepuration
result s also independent of whether the forward currency market s
Biased or unhissed, as Tong as the firm participates in the Biased forwnrd
currencs marker” However, the direction and maenitode of the bias
allects the difference in exports relative 1o the case when the firm has
ne aceess o lorward currenes narkets,

When the tirm has no access 1o forvard coarreney market, ity

optinl export fevel s determimed by
Pl pe - Cligonl ilhigy, o P4

where O represents the optimal Tevels when no forvard markets exist

Henor, o OOV L Fquation c3 can be rewritten as

CodtU e p, Ol 00 Tiepy - ClgaQal il bt o

4

which imphios
oop  Clgofia o Hie [ Cllgp o 0 5y
since Covie [ 0 0 and Uiy i coneave and monotonic, Uin the

other hand. the optimal export fevel derived in the presence of Torward

carreney arhets ug P2 can be rewriten as

i {(‘fgglf} prlp ( ;h{;: i { ihyi

where g the eisk promium of the Fonvard correney markets i defined
TS fe, 80 ol

Comparing eqs, 050 and 1o oplies e the intradection of
torward carrency marker munc et incrcase the firm’s optimal volume

ol esparts when the Jorvward correncs macher s anbiosed or o contangs

feen gy o Uk b inercase the producer’s oaport fevels i the forvwand
correaey market s characterized b normal hackeardation o o O
Yo I et ek ih I B i it

s b vape e stdese buinoe e i i
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and the bias is hoanded from above boe p = = ContU o0/ 00 or
tel redice the (ag)!im;ii CAPS under normal backwardation Forard
currcney marhets when g 0 plY

Fherelore, the mrroduction of a Torward carreney market does
not indace an unembicoous increase o the svolume of evports of the
firmn, The effect on the volume of tade depends on both the sign and
magnitude of the rish premivom. When the forvard carrency market iy
unbiased or s contanueo, the introduction of o Torward currencs market
feads o an umambiguous mercase in the lovel of exporiss This eflect
is greater for the contimuo vise than for the unbiased. Tloweser, when
the forward correney market s characterized by normal backwardation,
the resulis are not so cear and, i Lact, the introduction of forsard
carrency murhet ma fead 1o decrease in the firms export solumes.
Onl when the Jorvaed markets rish preminm is lower than the upper
bound 2/ will the export levels merease. When the bios o the forward
currency ket i grestor tun g0 ane obtains the penverse vesult that
with access toa Torward convreney market at time £ the firns decreases

its volume of trade,

OPTIMAL HEDGING DECISEONS

Fhe firm's optimad hedaing rules derived from o multiperiod framework
ller, s generad, Trom those derived by other studies This contrast is
due 1o the etfcet that the stochastic spob e 5'1.1”;’{‘ rate at time £ has on
the Tutire conditional espectation of the exeliamee rate, When an agent
nses afl of the informanon aaikible in hissher expectation Tormation,
the comditional expected oxchange rate ot time 14 1 depends on the
rendization o the exchimee rute ot time ©oand, thus. independence of
the random exchanue vetes s special cases Proposition 1. proven in
the appending characterizes the firm's optimal hedging decision when
exchange rates wre positivels correlated osver tme”

Proposition 1. Vweniniee that the exchuange rates are positively corre-
fated cvor e, thit i, et by dncreasing i &4 then a0 dee fivm full

hedges i the Last peviod ad over iedges peall cther time peviads when the

forvvand curreney merket iy aabiased: Bothie firor over hedoos in all time
R ey

periods if the forvard currency sarket 5o contongor aind e the firns

by generadd Do i oo PP coont Howerers for rractabilin ot de geesnmed thon
TS e by

Taanely hwatioeln s cerre e e B ratoe cver Dimke are o HGE o e ol v onidre e 1 lhosd

sfbation ate e consestenth greasor Hevwers than shor trading pariner’s mtlnion raic
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leduing decisions are ambiguois at time periods except i the last when
it under hedees wnder normad backuwardation forward carrenc mearkets,

This resalt establishes that the producer determines histher opti
mal hedaing bebavior incorporating the effect that the stochastic spot
exchange rate may bave on future profits” Under the assumption of
positice correlation hetween the spot rates and Tuture profits, the fivm
tends to over hedge even when the forvard correnay market s unbiased.
Only i the spedial case ol serial independence of the exchange rates
does the firm follh hedge when the unbiasedness hypothesis of the
forward currency narket is satisfied: This result generalizes the hedging
behavior derived Tor unbiased Torward markets swhen the fom fully
hedees the value of it esports [seey e Feder, Just and Schmits 01950+
and Kawai and Zileha 019860 for the static case and kawai (1981 Tor
the dyvnomic ease],

The hasie tmplication of this hehavior s that the classification of
2 linm s pure speeulator or pure hedger cannot be based solely
on its optimal hedaing pattern. When the forward correney markets
are unbiised, the firm s oot speculating when it over hedges a
time £ The over hedge s an attempt to attenuate the offect ol the
random spot oxebange rate on Tutare profics and. in dhis contest,
the firm could be considered a speculative hedaer, When the pro-
ducer faces o lorvard curreney market that is brased, howevers the
hedging decision can be separated into two clements: a0 speculatise
hedger and o pure speculator. As o pure specalator. the fiene spec
alates by selling thoving! forvward correney contricts when the rish
premimn s negative tpositives. Those with o contango forward cur-
rency market. the pure specolative component of the hedging behavior
reinforces the specalative hedaing clements Teading to o greater over
hedee relative to the unbiosed Torward marker cases For the case
of normal backwardation, howover, the speculative hedaing element
imphics that the Tinm should over hedae sohile the pure speculatise
clement implics that the fivm should buy fornward carrency contracts.,
[he relative muanitude of these opposing forces determines whether
the Tiens will over hedge, full hedge. or under hedge when the risk
prenium s positive,

Ihe same procedure can be wsed o snahve the case when the

exchange rates are negetivehy correlated over time. The results Tor this

SElonard amd B A ternie 195 1 destinmy e et arder i regressive stochas e process, presen
CATLE Jevedire e than wn it tednds Lo Eie‘d,_n' i ooeder e bedee Slelrersd [iepet ;N'FHHJ ~jel
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cise show tha the prodocer tends tor under hedge inall time periods
under normal backwardation forwurd curreney markets: under hedge in
all time periods exceptin the List when they Tully hedge i the forard
currency marhet s uphissed. When the Jorward market is o contango,
the optinad hedaing pattern is ambiguous for all ¢ except the Tast swhen

the firm over hedges.

CONCLUDING REMARRS

Phe resalts show that swhen o lirm with o time separable technolog
has aceess o u porfecth competitive forsard curreney mnarket. the
separation hetween exporting and hedging decisions bolds a0 all time
periods. That i the firo dotermmes s optimal volume of exports based
on the svorld price. production costs, and forward corrency rate. Henee,
trading decisions wre independent of the distribution of the stochastic
spot exchinge rates. This implies that exchange eate stabilizing policies
will ot hune i impact on the producer’s esport decision when o
forward currency ket s aleeads estublished. These exchange rate
stabilizing policies altect howevers the s forward currency hedging
decision since they have an elfect on the conditional expectations of
Butare spot eschanue rates, Morpe importantiv, the introduction of
forvard currency docs not ahwass Toad o an inerease in the volume

ol expocts. Tt s possibles when the forvard market s characterized

by normad backwewrdaGon e Foo, T = o0 that the optimat level
of exports of the Han will decrcase relative 1o the case when there
are no forvard currenoy markets. The magniuade of the risk prennum
derermmes whether the trade volinne will inercase or decrcase at time ¢,

Vddmonally s the oprimad hiedging plan over time consists of two
clements speculative hedemg and pure specalating. In the special case
when forsard markers are anbrased only the st element s present
and the wgent will ooer sunders liedge ot time £ when the exchange rates
are positnely tnegativel s correlated over time in order to hedge avainst
present and future etfeais of this period’s uncertain spot eschange
cate. O the other hand. both dlements of the hedging decision are
present when the Torward market s biased. Additonal o the element
of specalative bedging. the T acts an w0 pure speeulator by selling
thonvingy torwird cirreney contracts when the risk PrUTiim is negative
tpositiven and exchunge rates are positively correlated mer thme, The
relative magnitude of these two clements determines the net hedging

Behavior when the forsard currency market i hinsed.
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APPENDIN

Proof of Proposition 1:
Fhe producer’s optimal heduing decision is derved frang eqooThywhich

can beorewritten as

(r)\(!_'F(H‘:.!.c"g‘“!;' ;;;\f.é{':i'll::‘ﬂgE;‘.i vk ‘AL

this relationship miplios that the optimal hedge w time £ S
detormined such that

|
Contl Tt e, 1t ;-(a 0 P2
a
where
(S
AL EREYIY L ot il
FONEE \3

V20 the firm s optineal hedpmg decision at time b s

Vheretore, viven i

determrined secordine to the Inllowing rale

Gt 10
e t when p RN
re’
Lar oo~ 1 the npisiau! boedoe i
. ! ; ’ .
v, SR wWhen gy () FALS

Frence, the dirme will Toth hodae i the List period aniv i the o
sarhet s uabinsed and il cver unders hedee when the
.

sonmal bachwardanon
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which leads to the following optimal hedge
* *
Yr-y > pr-1gr-; whenpy_ | =0

B E- ®
yr ;l< }PT 1g7-1 when py_y >0 (A.7)

since, by assumption é7(&1 —;) is increasing in &y ;. The hedging rule

represented by (A.7) states that the firm will over hedge in period T — 1

when the forward currency market is unbiased or a contango. However,

the optimal hedge when the risk premium is positive is ambiguous: the

firm may under, fully, or over hedge.

Following the same procedure for any 0 < k < T vyields

ko] )
(M0 = 3 8 epq + [ef — ey® - Clg)]
i=1

+ 85 ewpuar + Lol — ahyr — Clap)]
.
+ > 8 Ede ) - ply - ad - Clghl (A8

t=k+ |

where & = 37 — pyy) denotes a slack variable. Thus, (A.4) implies that
the optimal hedge for 0 < k < T is

Y > pqu when pp = 0

% | = *
Vi {< }pqu when pp > 0 (A9

Therefore, the firm will over hedge in all time periods when the risk
premium is negative; will over hedge in all time periods except in the
last when it fully hedges if the forward market is unbiased; and will over,
fully, or under hedge in all time periods except in the last where it under
hedges when the risk premium is positive.
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