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Abstract

1 Introduction

Exchange Rate Uncertainty and Firm Pro�tability

The terms uncertainty, volatility, and variability are used interchangeably in this paper.

This paper investigates the effects of permanent and transitory components of the
exchange rate on �rms9 pro�tability under imperfect information. Utilizing a signal
extraction framework, we show that the variances of these components of the exchange
rate process will have indeterminate effects on the �rm9s growth rate of pro�ts, but will
have predictable effects on its volatility. An increase in the variance of the permanent
(transitory) component in the exchange rate process leads to greater (lesser) variability
in the growth rate of the �rm9s pro�ts, thus establishing that the source of exchange rate
volatility matters in analyzing its effects. Implications of our theoretical �ndings for the
empirical modeling of the underlying relationships are discussed.

Since the breakdown of the Bretton Woods system of �xed exchange rates, both real

and nominal exchange rates have @uctuated widely. This volatility has been cited by the

proponents of managed or �xed exchange rates as detrimental, since exchange rate un-

certainty would adversely affect the valuation of multinational �rms. Models developed

by Shapiro (1974) and Dumas (1978) predict that changes in exchange rates negatively

impact a multinational �rm9s cash @ows, its pro�tability, and therefore its market value.

However, there has been limited empirical support for this hypothesis. Bartov and Bod-

nar (1994) �nd a signi�cant (negative) correlation between abnormal returns of U.S.

multinational �rms and lagged changes in the value of the dollar. On the contrary, stud-

ies by Jorion (1990), Amihud (1993), and Bailey and Cheung (1995) fail to establish a

signi�cant relationship between contemporaneous dollar @uctuations and U.S. multina-

tional �rms9 stock returns. A more fruitful avenue of research focuses on the relation of

the second moments, namely, the relationship between exchange rate volatility and the

volatility of �rms9 pro�t growth. Along these lines Bartov, Bodnar, and Kaul (1996) em-

pirically examine the relationship between the second moment of exchange rate changes
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and stock returns9 volatility by comparing �ve-year periods before and after the break-

down of the Bretton Woods system. They �nd support for the hypothesis that increased

exchange rate variability leads to increased volatility of multinational �rms9 stock re-

turns.

The discrepancy between empirical results and general predictions of the previous

models calls for a fresh look at the relation between exchange rate uncertainty and �rm

behavior. Unlike previous research which concentrates on the effects of gross exchange

rate uncertainty, this paper attempts to deepen our understanding of the distinct effects of

permanent and transitory components of exchange rate uncertainty on �rm pro�tability.

In our theoretical framework, based on signal extraction, we assume that the manager of

a �rm engaged in international trade distinguishes between those exchange rate changes

which re@ect permanent shifts, to which she must respond in her capital investment de-

cisions, and those that capture short-lived transitory dynamics. Within this framework,

we contribute to the literature in two directions. First, our theoretical results help ex-

plain the ambiguous empirical evidence regarding the relationship between exchange rate

uncertainty and stock returns. We demonstrate that although the �rm9s pro�tability is

sensitive to changes in the variances of the permanent and transitory components of

the exchange rate process, the signs of those dependencies cannot be determined. Sec-

ond, we rigorously examine the relationship between exchange rate uncertainty and the

volatility of a �rm9s growth rate of pro�ts, which is, to our knowledge, the �rst study to

analytically derive these second-moment effects. We show that the variance of the �rm9s

growth rate of pro�ts is positively (negatively) related to the volatility of the permanent

(transitory) component of the exchange rate process.

Since the speci�c source of exchange rate uncertainty matters in analyzing its effects

on the behavior of the �rm9s growth rate of pro�ts, evaluating exchange rate uncertainty

without regard to its source fails to provide insights into managerial behavior. Any

empirical testing of the underlying relationships between exchange rate volatility and the

behavior of �rm pro�tability that fails to explicitly model the permanent and transitory
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Modelling Exchange Rate Behavior

sources of that volatility is likely to result in misleading inferences.

The rest of the paper is constructed as follows. In Section 2, a signal extraction

model is developed to investigate the effects of exchange rate uncertainty on the level

and volatility of the �rm9s growth rate of pro�ts. The analytical results are derived and

presented in Section 3. We conclude in Section 4 with a summary of our theoretical

�ndings and a discussion of their implications for empirical work.

In this section, we present the stochastic process assumed to govern the behavior of

the nominal exchange rate, and then develop a simple signal extraction framework to

analyze the effects of exchange rate uncertainty on the behavior of the growth rate of

pro�ts of a �rm engaged in international trade.

We model the logarithm of the nominal spot exchange rate (measured as the domestic

price per unit of foreign currency) as the sum of a permanent component and a transitory

component. The permanent component is modeled as a random walk process and the

transitory component as a stationary process, respectively, as

(1)

and

(2)

where is the logarithm of the observed nominal spot exchange rate and is

the logarithm of the unobserved permanent component of the exchange rate, assumed

to possess a stochastic trend and exhibit the driftless random-walk behavior in (2). The
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Although it is possible to introduce high-frequency components in modeling , doing so would complicate the
analysis without affecting any of the subsequent results.

The central bank9s actions may have permanent effects on the exchange rate to the extent that they signal
permanent changes in the conduct of monetary policy (Kaminsky and Lewis (1996)).

transitory component of the exchange rate process and the shock term to the permanent

component are assumed to be mutually uncorrelated and respectively distributed as

and The normality assumption captures the idea that the probability

of observing small changes is high whereas large variations in the permanent component

are less probable.

Modelling the nominal exchange rate as a mix of a random walk and stationary com-

ponents yields a nonstationary process, and it is consistent with the empirical evidence

(see Baillie and Bollerslev (1989) among others). The permanent component represents

the set of fundamentals determining the long-run equilibrium value of the exchange rate

such as the present value of expected future realizations of domestic and foreign money

stocks, real incomes, in@ation rates, and current account balances. Since the stochastic

processes for these fundamentals are likely to be integrated of order one ( ), the perma-

nent component of the exchange rate is plausibly modeled as a random walk process. The

transitory component is comprised of the effects of portfolio shifts among international

investors (following Evans and Lyons (1999)), central-bank intervention, microstructure

phenomena such as bubbles and rumors (excess speculation and bandwagon effects), and

the effects of technical trading by chartists or Dnoise traders.E Thus, the temporary

component of the exchange rate process captures those exchange rate movements that

cannot be explained by revised expectations of the underlying economic fundamentals.

Alternatively, it could be interpreted as the transient dynamics of deviations from the

long-run equilibrium value (a disequilibrium component). Such an interpretation of the

nominal exchange rate process draws from Mussa9s (1982) sticky-price model, which is

a stochastic generalization of the Dornbusch (1976) exchange-rate overshooting model.

The permanent-transitory decomposition of the exchange rate process is also consistent

with the chartist-and-fundamentalist approach suggested by Frankel and Froot (1988)

5



5

6

5

6

2.2

t t t tK , I , e P

Modelling Managerial Behavior under Exchange Rate
Uncertainty

Taylor and Allen (1992) and Cheung and Chinn (1999) report that foreign exchange dealers rely on technical
analysis to form short-term exchange rate predictions, which tend to be self-ful�lling.

Although �rms engaged in international activities could hedge the adverse effects of transitory shocks, the effects
of persistent shocks (for example, to tastes and/or technology) to the exchange rate cannot be hedged away simply
by using short-term hedging strategies.

and empirically tested by Vigfusson (1996).

Given this decomposition, we include the change in the (unobserved) permanent com-

ponent of the exchange rate as the appropriate state variable in the manager9s optimiza-

tion problem, as opposed to the change in the (observed) nominal exchange rate. Since

changes in the nominal rate may re@ect either fundamental shifts or transitory @uctu-

ations from fundamental value, the manager should alter the capital stock only if the

change has been determined to re@ect a fundamental shift. In the presence of installation

costs and/or delivery lags, it would not be optimal to adjust the capital stock in response

to a short-term, transitory and inherently unpredictable exchange rate movement. Re-

action to transitory changes in the exchange rate should be con�ned to �rms9 activities

in the �nancial markets. It is therefore changes in the fundamental value of the foreign

currency (the permanent component of the exchange rate) that should be taken into

account by the �rm in making capital investment decisions.

We now specify the �rm9s optimization problem. Consider a �rm engaged in international

trade whose manager maximizes the discounted present value of its expected stream

of future pro�ts conditional on information available at time zero. Assume that the

�rm9s technology is Cobb-Douglas and denote the capital stock, investment, permanent

component of the exchange rate, and output prices by and , respectively. The
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The pro�t function in equation (3) is obtained by maximizing out the labor input. Maximizing the pro�t function
(where and denote the nonstochastic coefficient for technical progress and the wage

rate, respectively) with respect to and substituting back into the pro�t function yields , where
, and

The time-to-build approach was proposed by Kydland and Prescott (1982). It stands as an alternative to the
quadratic adjustment cost approach employed in most Tobin9s models of investment, and may be considered as a
limiting case of the adjustment cost model: one in which instantaneous adjustments become in�nitely costly.

maximand is

(3)

where is the expectations operator conditional on the information set at time , is

the discount factor, is positive and nonstochastic (see footnote 7), and is the price

of new investment goods. The maximization problem in (3) is subject to the equation of

motion for capital

(4)

where is the rate of capital depreciation. Investment expenditures this period are as-

sumed to incur a one-period time-to-build, and only become productive in the following

period. This time-to-build formalization re@ects the fact that �rms cannot instanta-

neously adjust the capital stock in the presence of construction and delivery lags. Thus,

the manager must be forward-looking, since today9s investment decision determines next

period9s capital stock.

Substituting (4) into (3) and normalizing the output price to unity, the optimal capital

stock for the next period can be derived by solving the following �rst order condition:

(5)

This expression may be rewritten as

(6)

where the right side of the expression may be de�ned as Jorgenson9s user cost of capital,
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It is possible to model the problem by assuming that some or all investment goods are imported. This would
complicate the analysis by introducing cost uncertainty in addition to revenue uncertainty. Our results hold in this
case as long as cost uncertainty has a minor effect on pro�ts (relative to revenue uncertainty), which will be the case
if goods are more mobile than the factors of production.

Although the permanent component is not observable, its past values may be extracted from the history of nominal
exchange rates as the solution to an optimal projection problem.

which we treat as nonstochastic. Having assumed that the permanent component of the

exchange rate follows a log-normal distribution, will also be log-normally distributed.

Taking the logarithm of both sides of equation (6), we obtain

(7)

where Using the properties of log normality, we obtain

(8)

If the �rm9s manager could observe , then she could perfectly predict the permanent

component of the exchange rate which would prevail in the next period, and choose the

level of investment which would provide the optimal capital stock next period. How-

ever, the manager does not observe but instead observes the (realized) nominal spot

exchange rate given in equation (1), which is a mixture of permanent and transitory

components. The innovation of the nominal exchange rate is by de�nition a noisy signal

of the shock to the permanent component , given by

(9)

Note that is the change in the transient component of the nominal exchange rate

process, which hinders a perfect forecast of the change in the permanent component.

Using the signal and the past realizations of the permanent component, it is possible

to forecast the change in the permanent component of the exchange rate. It must be

emphasized that unless the manager had some information on , it would not be possible

to improve upon the naive random-walk forecast of no change in the permanent com-
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ponent. However, conditioning on the signal, the manager can improve upon the naïve

prediction of a zero value for . The expected innovation in the permanent component of

the one-period-ahead exchange rate at time , given the signal , and all other relevant

information, is . By making use of the standard formula

for signal extraction, one can show that where the signal-to-noise ratio

is We may now simplify equation (8) as

(10)

where

Equation (10) relates the log of the �rm9s one-period-ahead capital stock to the past

realization of the permanent component of the exchange rate and the expected value of

the shock to the permanent component, as captured by The relationship depends

upon both the variance of the shock of the permanent component and the variance of the

noise term through and Recalling that the production technology is Cobb-Douglas

and the price of output is normalized to unity, we can rewrite the log of pro�ts and

express the growth rate of the �rm9s pro�ts, respectively, as

(11)

and

(12)

Notice that the growth rate of the �rm9s pro�ts has four parts. The �rst part captures

the direct effect of a change in the permanent component of the exchange rate on the

revenue stream. The second part captures the effect of exchange rate uncertainty on

managers9 capital accumulation decisions. The third and fourth parts of the expression

re@ect, respectively, the effects of changes in costs and technological change.
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Exchange Rate Volatilities and the Firm"s Pro$t Growth

We �rst derive the effects of exchange rate uncertainty on the �rst moment (level) of

the �rm9s growth rate of pro�ts and subsequently on its second moment (volatility).

We examine the effects of changes in the variances of the permanent and transitory

components of the exchange rate process on the growth rate of the �rm9s pro�ts by

differentiating equation (12) with respect to and , respectively, and obtain

(13)

and

(14)

where Equations (13) and (14) show that both the variance of the

permanent shock ( ) and the variance of the noise in the signal ( ) have an impact on

the �rm9s growth rate of pro�ts. However, the direction of change of these dependencies

cannot be determined as the sign of each expression depends upon the sign of the signal,

which may take on any value. Ceteris paribus, a depreciation of the domestic currency

raises the �rm9s pro�ts, while an appreciation of the domestic currency lowers its pro�ts.

Therefore, without knowledge of the direction of change of the exchange rate, one cannot

determine the effects of increasing the volatility of either the permanent or transitory

components of the exchange rate process on the �rm9s pro�t growth rate. These results

can be summarized in the following proposition.
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Exchange Rate Volatilities and Variability of Pro$t Growth

The effect of the variances of the permanent and transitory components
driving the exchange rate process on the �rm�s growth rate of pro�ts is ambiguous.

Even though the effects of exchange rate uncertainty on the �rm9s growth rate of pro�ts imply the effects of that
uncertainty on the �rm9s stock returns, the total effect of exchange rate uncertainty on the value of the �rm can only
be measured by evaluating the full effects on current and future pro�ts.

This ambiguity provides a theoretical rationale for previous researchers9 failure to

obtain a consistent empirical relationship between exchange rate uncertainty and the

value of the �rm. This analysis demonstrates that any seemingly conclusive empirical

evidence regarding this dependence should be put into question as it may not be robust

over time.

We now proceed to analyze second moment effects: the effects of the variances of the

permanent component and the noise in the signal of the exchange rate process on the

variance of the growth rate of the �rm9s pro�ts. These analytical results are new to the

literature. The variance of the growth rate of the �rm9s pro�ts is given by

(15)

Differentiation of equation (15) with respect to yields the effect of a change in the

variance of the permanent component of the exchange rate on the variance of the �rm9s

growth rate of pro�ts, which is given by

(16)

This relationship is unambiguously positive and the economic intuition underlying

this result is straightforward. As the variance of the permanent component increases,

the manager will be better able to discern changes in the permanent component from the
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Proposition 2

Proposition 3

The variance of the growth rate of the �rm�s pro�ts is directly related
to the variance of the permanent component of the exchange rate process.

The variance of the growth rate of the �rm�s pro�ts is negatively related
to the variance of the transitory component of the exchange rate process.

DnoiseE of the transitory component. In this case one should expect more volatility of the

growth of the �rm9s pro�ts, since the manager will continuously update her investment

decisions as better information about the market and economic conditions accumulates.

This result is summarized in the following proposition.

By differentiating equation (15) with respect to , we can show the effect of the

variance of the transitory component of the nominal exchange rate on the variance of

the growth rate of the �rm9s pro�ts to be

(17)

This derivative states that an increase in the DnoisinessE of the signal is negatively

correlated with the variance of the growth rate of the �rm9s pro�ts. Facing a noisier sig-

nal, the manager operates in a more uncertain environment. Increased uncertainty leads

to more conservative behavior, as the manager will be less willing to react and change

her investment decisions when the forecasts of changes in the permanent component of

the exchange rate process are less precise. In this case, due to more cautious managerial

behavior, the volatility of the �rm9s pro�t growth rate falls. This result is stated in the

following proposition.

Propositions 2 and 3 clearly establish that the source of exchange rate uncertainty

matters in determining its effects on the variability of the �rm9s growth rate of pro�ts. An

increase in exchange rate uncertainty may have a positive or negative effect on the growth

rate of the �rm9s pro�ts, depending upon the speci�c source from which it emanates.
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4 Conclusions

Although the derivation focuses on the effects of exchange rate uncertainty, the model can be readily modi�ed to
incorporate the effects of any stochastic shocks to technology or prices on the level and volatility of �rm pro�tability.
However, these issues are beyond the scope of this paper.

In this paper, we have presented a theoretical framework for managerial decisionmak-

ing under exchange rate uncertainty. We have shown how imperfect information on the

permanence of observed changes in the exchange rate affects the relationship between

exchange rate volatility and the behavior of �rm pro�tability. Our behavioral model

generates predictions about the relationship between exchange rate uncertainty and the

volatility of the rate of growth of the �rm9s pro�ts. We show that greater exchange rate

volatility associated with the permanent component of the exchange rate leads to more

vigorous actions and greater variability in the growth rate of the �rm9s pro�ts, while

greater uncertainty in the transitory component of the exchange rate process leads to

more conservative behavior, and a lower volatility of the �rm9s growth rate of pro�ts.

Our theoretical �ndings have important empirical implications. Researchers should

strive to evaluate the permanent and transitory components of exchange rate uncertainty

and quantify their differential impacts on the volatility of �rms9 growth rate of pro�ts,

and those measures derived from pro�tability, such as the stock market valuation of the

�rm. Simply estimating the total effect of exchange rate uncertainty on stock returns9

volatility is likely to lead to incorrect inferences regarding the underlying relationships.

Although the model generates clear predictions of the signs of several important rela-

tionships, the result of an indeterminate sign on the relationship between exchange rate

uncertainty and �rm pro�tability may be equally important. A considerable body of

literature has linked more volatile exchange rates to �rms9 behavior, performance, and

valuation, with contradictory �ndings arising from empirical tests of these hypotheses.

Our analytical results provide an answer to those contradictions, in that several inter-

esting relations cannot be unambiguously signed. A decomposition of the exchange rate

into permanent and transitory components sheds considerable light on these issues, but

13



even with that decomposition, a number of important effects remain indeterminate. Our

�ndings suggest that a number of the contradictions may be based on the countervailing

effects that arise from a careful analytical treatment of these issues.
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