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Abstract:

Given that a multinational enterprise can react flexibly upon exchange rate movements, international trade flows may
be interpreted as an option. An enterprise will opt to export if the profits obtained from exporting under given exchange
rate developments are greater than if foreign subsidiary sales were opted. Naturally, given negative exchange rate
scenario situations, an enterprise will choose not to export. By virtue of a favorable exchange rate situation it may be
more advantageous to implement the flexibility given by the inherent option exercise privilege. Interestingly, even
taking account of entrepreneurial risk aversion aspects of enterprises, it is demonstrated that situations characterized by
enhanced exchange rate volatility may still lead to greater export trade volumes.
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1. Introduction

Export consignments and exchange rate uncertainty play a vital role in the
ongoing debates of globalization and the welfare of nations (see e.g. McKenzie
1999; Bacchetta and van Wincoop 2000). Apparent contradictory theoretical
foundations in the midst of empirically observed inconsistent evidence and
reactions of international trade flows under various exchange rate risk situa-
tions are the motivation for the following analysis. If an enterprise possesses
the eventuality of deciding whether to sell its products or services domesti-
cally or internationally after gaining certain knowledge of revenue and cost
relevant exchange rates, then a real option situation emerges. Since the value
of an option increases under upward volatility, a situation may arise in which
the volume of exports and expected profit utility increases (see e.g. Franke
1991; Dellas and Zilberfarb 1993; Gagnon 1993). However, at the same time
enhanced exchange rate volatility commonly implies an increase in earnings
risk. Under such circumstances, aspects of entrepreneurial risk aversion have
a vital economic role to play when analyzing the interaction of export flex-
ibility, exchange rate volatility and international trade flows (see e.g. Broll
et al. 2006).

Applying common valuation methods of mathematical finance it is possible
to ascertain the pecuniary economic value of such flexibility. Flexibility is
interpreted here in the following sense: as well known from the real options
literature an option gives the holder the right to do something in the future.
It should be emphasized that the holder does not have to exercise this right,
although there is a cost of obtaining the option. Thus, an investor has a
degree of flexibility or choice in exercising or not exercising a given option
at hand. Meanwhile it is currently common to implement such valuation
methods in economic modeling of real production units (see e.g. Kulati-
laka and Marks 1988; Gilroy and Lukas 2006). The following now considers
the economic consequences that emerge from a real option perspective for
international trade flows in view of circumstances in which multinational en-
terprises can flexibly react to changes in exchange rates. An enterprise has to
decide ex-ante about production, however, with regard to the selling market
an enterprise is capable of selecting ex-post between the domestic and foreign
market.

As is well know from corporate finance, the value of an option rises as the
volatility of the company’s rate of return is on the rise. The analogue condi-
tion for a real export option position is now evident: given rising exchange
rate volatilities, the assessment of an export option becomes more valuable.
It is now conceivable that the volume of exports observed will increase paral-



lel to the volatility of the spot quotations of market exchange rates provided
that the entrepreneurial risk aversion preferences do not overshadow the ben-
efits of the option. We demonstrate this effect in the following.

2. Exchange Rate Risk and Export Flexibility

An enterprise, it is assumed, is capable of supplying domestic and foreign
markets. The enterprise has free flexible choice of which market it desires to
serve and how. Contingent upon the relevant benefits of domestic and foreign
market sales, managers have to decide which market to serve. The exchange
rate € is a log-normal distributed random variable and fluctuates with an
error term z around the price relationship e = P/P* ie. é = ée’%”%*"‘/zz,
whereby z is standard normal distributed with zero mean and var(z) = 1.!
An increase in ¢ implies an increase in the exchange rate risk given constant

expected value e.

The objective of a risk averse enterprise is to maximize future random ex-
pected profits II. The general structure of the maximization problem is
outlined as follows. During the current period ¢ = 0 (ex ante), the enterprise
chooses a specific production level Y and at the time point ¢ = 1 (ex post) an
enterprise must decide on the allocation of the produced output to the home
or foreign goods market. Thus the allocation decision can be made condi-
tional on the realization of the exchange rate. This captures the notion of
flexibility and the enterprise’s specific advantage. Multinational enterprises
can be treated as export flexible firms. An enterprise will only opt to export
given that an advantage in exercising the option is evident, i.e. when the
realized exchange rate e at time point ¢ = 1 is greater in magnitude than the
expected exchange rate e. If the realized exchange rate is, on the other hand,
smaller in magnitude than the expected exchange rate €, the enterprise will
allocate its production to the more advantageous domestic market sales.

Consequently, export flexibility possesses a significant inherent economic
value: enterprises that are internationally active are in an advantageous po-
sition with regard to favorable and profitable exchange rate developments,
without being exposed to the disadvantages of unfavorable exchange rate
changes. Given a non-favorable exchange rate situation, an enterprise will
prefer to sell their entire production batch Y domestically at price P. If the

'Here we follow the literature that models exchange rates dynamics by means of a geo-
metric Brownian motion. See e.g. Briys and Solnik (1992). For a more general approach

with respect to price process dynamics see e.g. Lioui and Poncet (2002).



exchange rate situation evolves favorably from the firm’s perspective, then
it will try to sell its’ entire production consignment ¥ = X at price eP* in
foreign markets (with P* representing the constant world price expressed in
foreign currency units).

3. Risk Aversion and Production

Since the enterprise optimal sales consignment decision is made after the
exchange rate has been observed, the allocation decision will be made on
the basis of a comparison of the sales prices on the home and foreign goods
markets. Accordingly, the production decision condition of optimality out-
come reflects a functional relationship between the optimal production lot
size and exchange rate volatility. A comparative-static analysis illustrates
that exchange rate volatility affects the entire enterprise production benefi-
cially and on average simultaneously enhances exports (dY/do > 0), given
that the enterprise or managerial relative risk aversion R = —u" (II)II/«/(IT)
is not too vast. Hereby, Il designates enterprise profits. If the degree of rel-
ative risk aversion is smaller than one, then on average exports will increase
given an increase in exchange rate volatility observed. Specifically, we can
restate this result more succinctly as follows:

Proposition: (Export Flexibility, Production and Risk Aversion)
Given a risk averse domestic enterprise that exhibits aspects of export flex-
ibility, exchange rate volatility will have a positive effect upon the firm’s
entire production such that on average exports will be affected positively if
the entrepreneurial relative risk aversion is not too large. If the degree of
relative risk aversion is smaller (larger) than one, then on average exports
will increase (decrease) when exchange rate risk (volatility) increases.

PROOQOF. The decision-rule respective of exercising or not exercising an export
option is revealed as: X = 0, for 2 < 0.50 and X =Y for z > 0.50. The
objective of management is to maximize expected utility profits:
max / u [(6_%02+UZ)PY - C’(Y)] df(z) + u(PY — C(Y))f(z < 0.50).
2>0.50
The necessary condition for an optimal production consignment is derived
as:

o0

/ u' () [(6_%(72+02)P — C"(Y)] df (2)+u' (g )(P-C'(Y))N (%0) =0.

2>0.50



where N(...) denotes the cumulative normal density function, Iy and Ilg
denote the profits from serving either the local and foreign market. The
final result now depends on an examination of the sign of the derivative
dY/do = —A/B. Since —B is positive due to the second-order conditions,
the result is contingent on the sign of the value of A which is determined by:

; - "(11
A= / o () Pe 2747 5oy | S0 v p o ops — cryyy 41 af (o).
w/(Ilp)
z>0.50
Applying some simple rearranging and substitution R = —u”II/u’ one finally
obtains
s 14 H
A= / W (L) Pe 375 (5 — o) |2 ( F)(C(Y) —YC'(Y))+1- R| df(2)
u/(Ilp)
2>0.50
> /u’(HF)Pe_é"%”’Z(l — R)df (2).
z>0

hence proving the claim.

What is the economic interpretation behind these relationships among ex-
change rate risk, production, international trade and risk aversion? The next
section illustrates this by means of a stylized example.

4. International Exchange Rates and their

impact on Trade

In the following we want to discuss the results in more detail. For the sake
of simplicity we will assume that the individual’s utility from production can
be expressed by a constant relative risk aversion (CRRA) utility function,
le. u=1/(1- v)Hgl_w where i indicates whether the profits are generated
from local production (H) or exporting (F) and « # 1. This utility function
implies that R = . Further, production costs are assumed to be quadratic
in Y, which yields C(Y) = 1/2Y? and the length of the time interval is set to



T =t, —ty = 1. Consequently, profits derived from serving solely the home
country or from exporting to the foreign country result to:
1
Iy = PY —=-Y?
2
1 1
Mp = &Py —3¥? = (e#7) py — 22,

Substituting these in the objective function of the management yields:

— max / W(TTR)dF (=) + u(T) f(= < 0.50) | |
|2>0.50
i (1)
1 1
= max / — (<e—%<’2+‘”) PY——YQ) e 27 dz
Y (1 —=9)V2r 2
12>0.50

+ﬁ (PY - %W)(M) N (%0)] :

This equation cannot be solved analytically and we have to rely on nu-
merical methods to estimate a solution for Y*. Let’s normalize the price of
the production good in the home country to 1. Then the following Figures
(1) and (2) depict the solution of an optimal output Y* as a function of
exchange rate volatility and degree of risk aversion.

As Figure (1) highlights, an increase in the exchange rate volatility leads
to a decrease in the optimal amount of output if the manager is very risk
averse, i.e. 7y > 1. Moreover, the higher the degree of risk aversion the
lower the absolute amount of optimal production output. The intuition be-
hind this result is as follows. Under consideration of relative risk aspects,
greater exchange rate volatility is judged negatively. The resulting pattern
is a standard result in economic theory. On the other hand, however, if the
manager is less risk averse, i. e. v < 1 an increase in exchange rate volatility
corresponds with an increase in production output (Figure 2). In addition,
an increase in risk aversion leads to a decrease of the total amount of goods
produced under the expected utility maximization principle. Put differently,
under consideration of option aspects the situation is assessed positively due
to the what one might call the insurance effect, i. e. the ability to profit from
positive exchange rate developments while being secured against losses if the
economic situations turns out to be unprofitable.

In conclusion, the final outcome effect upon the total production and ex-
port magnitudes is ultimately dependent upon the degree of entrepreneurial
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Figure 1: Optimal production Y* and uncertainty o relationship for firms
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Figure 2: Optimal production Y* and uncertainty o relationship for firms

with v = 0.2 (solid) and 7y = 0.4 (dashed).

risk aversion. Pragmatically, at a more stylized level, the following Figures
3 and 4 put forward a brief illustration of our lines of thought.

The seizing up of the inter-bank money markets around the world recently
shows how risk aversion, starting from the weakness of the US housing market
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Figure 3: Export (in mill. US-$) and Annual Historical Exchange Rate
Volatility Relationship for the U.S. for the years 2005 to 2007.

and the sourcing of subprime mortgages, has become acute enough to cause
enterprises to fear future global developments. Financial markets being in
turmoil has enhanced volatility, leading to higher levels of uncertainties as
well as exchange rate fluctuations as the Euro is traded heavily against the
dollar while risk aversion stays high. During the current bout of market
turmoil, it is sometimes argued in passing in the United States that in 2007,
risk aversion in international financial markets has reached the same levels
as seen after the September 11 attacks in 2001. As a result investors are on
rebound from their current depressed levels against the Euro.

Although geographically a small open economy, Switzerland, however,
constitutes the foundation of an extraordinarily innovative national econ-
omy. Indeed, as evinced by the WEF (2006), in which Switzerland comes
in first place as the most competitive country in the world, the steady po-
litical and economic environment has highly positive effects on an already
good record of companies’ activities. It seems almost natural given such a
specific contextual environment that the relative risk assessment of interna-
tional private sector actors and their activities, such as exporting, continues
to develop comprehensively as illustrated above in Figure 4.

Both the stylized illustrations of Figures 3 and 4, along with the demon-
strated analysis presented, further highlight the need to adapt relevant risk
assessment methodologies and frameworks associated with the interactions
of potential differences reflected by entrepreneurial risk aversion and export
consignments given situations of exchange rate uncertainty:.
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5. Conclusion

Historically, multinational enterprises have often been exposed to high for-
eign exchange risk since major currencies have shown a substantial volatility.
Empirical evidence, however, regarding the effect of exchange rate risk on ex-
port volumes, trade and investment flows has at best been inconclusive. The
analysis offered here discusses analytically and graphically one possible an-
swer to the observed inconclusiveness of enterprise behavior based upon the
firm’s potential advantages to allocate production and exports to the world
market or to the domestic market. Enterprises are in the favorable position
of deciding ex-ante about production, but with respect to the selling market
the enterprise is able to choose ex-post between the domestic and the world
market. The advantage of this decisional flexibility suggests that the interna-
tional allocation of production consignments can be made conditional on the
realization of the exchange rate. Commonly, in situations in which exchange
rates surge to high levels, one observes enhanced volumes of exports. On
the other hand, in situations in which exchange rates drop below a certain
level, exports fall to zero. Specifically, taking into account relevant aspects
of risk aversion perceptions of firms, enterprise exports are an example of a
real option which is exercised if profitable. Multinational enterprises can be
regarded as flexible firms because of their use of worldwide distribution facil-
ities. An enterprises’ flexibility can be viewed as a real hedging instrument
offering an intrinsic advantageous risk management policy founded upon the
realization of foreign spot exchange rates and the respective degree of entre-



preneurial risk aversion. Given that the relevant elasticity of risk aversion is
smaller than one, exchange rate volatility goes hand-in-hand with frequently
observed increases in chosen export strategies of multinational enterprises.
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