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EXCHANGE RATES AND TRADE:
HOW IMPORTANT ISHYSTERESISIN TRADE?

Abstract

This paper 1ooks at the responsiveness of a country’s export supply to exchange rate
changes and measures its quantitative importance by breaking down export adjustments
between changes in output levels by existing exporters (intensive margin) and movements
due to changes in the number of exporters (extensive margin). Using data on a representative
sample of Spanish manufacturing firms, the paper finds sunk costs hysteresis in entry and
exit to be an important factor in determining export market participation, but unrelated to
exchange rate uncertainty. The sunk costs of entering the market appear to be much larger
than the costs of exiting the market. Finally, although hysteresis exists, its effect on the
responsiveness of aggregate trade volumes to exchange rate changes is quantitatively small.
A 10 percent home currency depreciation results in an increase in export volume due to the
increase in the number of exporting firms of only 1.5% of export volume.
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EXCHANGE RATES AND TRADE:
HOW IMPORTANT ISHYSTERESISIN TRADE?

| ntroduction

Exchange rates have fluctuated widely since the breakdown of the Bretton Woods
system of fixed exchange rates in the early 1970s. These large fluctuations of exchange rates
have led to substantial interest in the effects that exchange rate movements have on a
country’s export and import behavior and, as aresult, on its trade balance. A country’s export
supply is composed of the aggregation of the export participation decisions of individual
firmsin that country. Therefore, in order to understand the effects of exchange rate changes
on a country’s trade balance one must address how such exchange rate changes affect the
export supply decision of the average individual firm.

A large theoretical literature exists illustrating the impact of exchange rate
movements on the firm’s export and import decisions. The basic assumption underlying these
models is that a non-exporter must incur an entry cost to enter export markets and that this
entry cost is sunk. In a simple world in which exchange rate changes are perceived to be
permanent (and future exchange rate uncertainty zero), the firm will enter the export market
when the expected gross profits from participating in that market are greater than the sunk
entry cost. The firm, however, will not exit the market until the exchange rate reaches the
point where the expected gross profits from remaining in the market are negative (1).
Baldwin (1988) and Baldwin and Krugman (1989) emphasize this effect and suggest that an
asymmetry exists between the exchange rates that trigger entry into and exit from the export
market (2).

In a number of papers Dixit elaborated on this idea and showed that the size of the
interval between the exchange rates that trigger entry and exit is not constant but is an
increasing function of the uncertainty around current exchange rates (3). When faced with the
export-participation decision the firm can either enter the export market today (incurring the
corresponding entry costs) or wait for a period, observe next period’s realization of the
exchange rate, and then consider entry again. Therefore, the firm has at every period an
option to enter this market. Applying standard analysis from option theory in financial

(1) If sunk exit costs also exist then the negative expected gross profit must be greater in absolute value than
the exit costs.

(2) These models were developed to provide an explanation for the asymmetric behavior of the U.S. trade
deficit during the 1980s when the increase in the trade deficit during the dollar appreciation in the first half
of the 1980s was not reversed after the dollar started to depreciate in 1985.

(3) See the original argument in Dixit (1989) or a review of all the theoretical development surrounding this
approach in Dixit (1992) and Dixit and Pindyck (1994).



economics, Dixit shows that the value of that option increases with the degree of exchange
rate uncertainty. The firm will decide to wait for an even more favorable exchange rate
realization when the level of uncertainty is high (4). As aresult, the range of exchange rates
in which neither entry nor exit occurs widens.

An assessment of the empirical relevance of this hypothesis seems specially
important given that the deterrent effects that uncertainty around exchange rate movements
has on the level of international trade is often cited as one of the mgor arguments for the
recent policy prescriptions in a large number of countries favoring a system of fixed, or
managed, exchange rates. This paper uses firm-level data from a sample of Spanish
manufacturing firms to quantify the importance of entry and exit hysteresisin export markets.
The recent Spanish experience is particularly well suited for a study of this kind. Spain
joined the European Exchange Rate Mechanism (ERM) of fixed exchange rates in 1989.
Until the fall of 1992, the Spanish peseta was kept within the 6% bands around its central rate
and its volatility decreased significantly relative to previous years. Between September 1992
and May 1993 the peseta devalued its central parity within the ERM by a total of 20%
relative to other major European currencies. In 1995 the peseta underwent a new realignment
within the ERM, stabilizing at this new depreciated level afterwards. These devaluations
resulted in large changes in the relative prices from exporting and domestic sales. Therefore,
although the ERM provided a framework of low expected exchange rate volatility, Spanish
firms had to respond to these sharp devaluations of the peseta by evaluating their expected
future profitability from exporting and one would expect significant changes in the set of
Spanish exporting firms before and after this episode.

Empirical estimation of the importance of sunk-cost hysteresis in determining export
supply behavior has been sparse. Most of the literature has focused on asymmetries in the
response of trade flows and import (or export) prices to exchange rate changes without
explicitly focusing on the entry and exit decision in export markets (5). Studies to date that
focus on the effect of exchange rate changes on the entry and exit decision in export markets
(the focus of the hysteresis hypothesis) include Campa (1993), Roberts, Sullivan and Tybout
(1995) and Roberts and Tybout (1997). These papers find significant support for the
hysteresis hypothesis by finding evidence of the existence of sunk costs in entering and
exiting the export market. These papers, however, do not measure these entering and existing
firms’ contribution to aggregate trade flows.

This paper looks at the micro decision of the export participation of the firm. It first
estimates a dynamic discrete choice model of the export decision of a firm. The mode
incorporates two decisions. 1) the export participation decision, and 2) the firm’'s export supply.
The results provide strong evidence for the presence of sunk costs in export markets. The paper
then estimates the effects that changes in exchange rates have on the country’s aggregate export

(4) An analogous argument applies to the exit decision in the presence of sunk exit costs.

(5) Examples of this literature are Baldwin (1988), Giovannini (1988), Pardey and Wei (1993) and
Gagnon(1987). Baldwin (1988) and Giovannini (1988) focus on the response of U.S. import prices to
exchange rate changes. Baldwin finds a structural shift in the relationship between U.S. aggregate import
prices and the dollar appreciation during the early 1980s. Giovannini also finds evidence of imperfect price
changes to exchange rate changes in the U.S. using highly disaggregated import price data. Pardey and Wei
(1993) and Gagnon (1987) focus on the behavior of trade flows. Gagnon finds that trade flows have been
more responsive to changes in relative prices since the breakdown of the Bretton Woods system. Parsley
and Wei use disaggregated trade flows between the U.S. and Canada and find exchange rate volatility (as
well as lagged exchange rates) to be insignificant predictors of trade flows. Both of these last two findings
are inconsistent with the hysteresis hypothesis.



supply. If the number of firms entering and exiting the export market is small (or the volume of
total trade accounted for by these firmsis small), hysteresis might be an important phenomenon
a the micro level but not account for a significant proportion of overal trade. Although
hysteresis might be important at the firm level, it might not be an important driver of aggregate
export supply reactions. The paper estimates an export supply easticity and breaks down the
percentage of that reaction accounted for by changes in the export quantity of those firms that
are adready exporters (intensive margin) and the percentage accounted for by those firms that
either enter or exit the export market (extensive margin).

The lack of contribution to total export supply by new exporters found in this paper
contrasts with the findings of recent work by Roberts, Sullivan and Tybout (1995). Using
micro data from Colombia, Mexico and Morocco, they found that new exporters were a
major factor in explaining the export boom that these countries experienced during the 1980s.
They attribute part of this response to credible structural adjustment programs, significant
commercia policy reforms and new trade pacts for Mexico and Colombia) as well as
exchange rate changes. In our study, the Spanish manufacturing sector was already highly
integrated in world markets (6) and, most important, the exchange rate devaluation episode
was the only significant policy episode during the sample period. Hence, the emphasisin this
paper on the exchange rate effects.

The rest of the paper is organized as follows. Next section presents the basic model
describing the export participation decision of the firm and the firm's export supply. Section
Il deals with some estimation and econometric issues. Section IV presents the data and the
sample used to estimate the model. Section V presents the empirical findings. Finally, section
V1 concludes with some policy implications and directions for future research.

A Modéd of Export Market Participation and Export Supply

We will present a model that will capture the basic results highlighted in the
hysteresis literature: mainly the presence of sunk costs of entry and exit and the existence of
exchange rate uncertainty. In every period t the firm chooses whether to serve the export
market (1;; indicator variable that takes the value of 1 if firm i exports at time t, O otherwise)
S0 as to maximize the present discounted value of its profits from exporting

Oe 0
Vie(Qy) = maxli,,Q,‘Etgzaj R;j |Qit5 [1]
=t

where Q;; isthe information set available at timet, d is the one-period discount factor, and R;;
are the expected net revenues from exporting by firm i in period t. Whenever the firm
chooses to export, 1;,=1, it will also choose its optimal export level Q,; (Q;; = O otherwise).

Let's assume that there exist fixed costs of entry (F) or exit (G,) in the export
market. Then the revenues from exporting at timet, R(l;;), are

Ri(li) = Iit[r[it Qu &) — K@ - Iit—l)]_ Gl (1 =1 [2]

(6) Spain joined the European Union in 1986, and by 1990 most of its commercial barriers were fully aligned
with the other European Union members.



where T3, is the gross profit (i.e., not adjusted for sunk costs) from exporting and depends on the
value of the exchange rate, e, (defined as home currency per unit of foreign currency). The
value of R (l;) depends on whether the firm exported last period or not, i.e., whether I, ; was 1
or 0. If the firm was an exporter last period and still exports this period then R (1;,) = 15,; and if
the firm decides to exit this period then it must pay the exit costs R (l;) = G;. On the other hand
if the firm did not export last year and decides to enter the market thisyear R (1) = 15, — F;.

There are several assumptions built into equation [2] that are worth mentioning. The
costs of entry and exit are time invariant. In principle, these costs might change over time as
overall market integration increases and transportation and communication costs decrease.
These costs are also assumed to be paid only in one period. In particular, one might think that
the export decision would involve a sequential process by which the firm pays an initial sunk
cost for exporting and then has to incur additional costs if it remains in the market. These
costs are also independent of the firm’s history beyond the previous year. Therefore, a firm
that has been an exporter in the past, exited the market and now decides to reenter, has to
incur the same entry costs as a completely new exporter (the same applies for the exit side).
Finally, these costs represent the costs of serving the “export” market. The definition of this
export market might vary by firm, depending on the country of final destination of the firm’s
exports. Variability in market destinations is allowed across firms by allowing the entry and
exit costs F, and G; to be firm specific. However, one can well imagine that within a firm
there might also exist cross-country variability in sunk costs depending on the final market of
destination, and that variability is not captured in the model (7).

Using Bellman’s equation to solve equation [1], we know that I;; must be such that it
satisfies

Vi (Qip) = maxl,t[Rt(Iit)-l_ 6Et[vit+1(Qit+1) | Iit]] [3]

We can solve for the first order condition of this problem and we get that firm i will
decide to export when

Qe &0 th[Vit’fl(Qi“l] =1 _Et[Vit+1(Qit+1) | 1 = q] z [4]
F=(F+G) i

From equation [4] one can get the export participation decision of the firm. A firm
will export as long as the left-hand side of this equation is greater than the right-hand side.
The left-hand side captures the benefits from exporting, which are the expected gross profits
at time t and the present value of the increase in the future value of the firm by becoming an
exporter. The expected costs are either the entry costs if the firm was not an exporter last
period, |,_; = O, or the benefit of avoiding the exit costs otherwise.

This equation has severa implications worth pursuing. The dynamic content of this
decison depends only on the presence of entry and exit codts. If sunk costs are zero then
equation [4] collapsesto 14(Qy) > = 0 (Since E [Vivy(Q+Dl = 1] ~ E [Viea(Q+D)| ;= 0] = 0)
and the firm export decision will be a purely static decision process. As aresult, one can test for
the presence of sunk costs by looking to see whether state dependence exists in the export
participation decision or not, i.e. if the probability that firm i is an exporter at time t depends on

(7) Roberts and Tybout (1997) allow the entry costs to be a function of the history of export experience of the
firm.



whether the firm was an exporter at timet — 1 or not. Second, the gross profits of the firm at time
t are only a function of the current exchange rate g,. This implies that conditional on being an
exporter, the firm’s choice of output at timet is purely a static decision that has no impact on the
future value of the firm (8). Third, changes in the expected future exchange rate process will
have implications for the entry and exit decision but they will not affect this period's export
quantities of existing exporters. In particular, changes in the volatility of the exchange rate o;;
will affect the option value of entering or exiting the market but, conditional on the firm being an
exporter, will have no effect on this period’'s export quantity. Asaresult, any effect of exchange
rate volatility on export supply will al be due to the extensive margin.

The firm’s entry and exit decisions depend on the current value of the exchange rate
and on its conditional distribution. The current value of the exchange rate affects the expected
profits from exporting this period. The conditional distribution affects the expected value in
the future from being an exporter or not. The export volume of an exporter in period t
depends only on period t's exchange rate, while the decision to remain in the export market
depends on both g, and the conditional distribution of the future exchange rate.

Conditional on the firm being an exporter at time t, the firm also chooses export
output so as to maximize its current gross profits from exporting. Since current output has no
effect on future export decisions, as long as it is positive, this is a purely static decision that
depends only on observable firm characteristics included in the firm’s information set at timet.
Given this information the firm will choose the Q;; that maximizes

Maxén Pe(Qe [We, I = 1) [5]

Consider a population of homogeneous firms, each of them facing the same decision
at timet. Since all firms are identical, the solution to the export participation decision will be
identical for every firm in the sample and, as aresult, the export supply of the country will be
either 0, or the sum of the export choices of all firms (which will be the optimal quantity
exported by each firm times the number of firms). However, since firms are heterogeneous
we can condition that heterogeneity and solve the export participation decision as the sum of
the individual export decisions of al firms. For a given exchange rate and set of individua
firm characteristics the expected export supply of the firm will be its optima output Q;
determined by equation [5] times the probability that the firm will be an exporter at time t,
i.e. l;; = 1. Therefore, for each firm i, its expected export supply will be:

E(Q) = Qu(@y) Pr (1, =1] Q) (6]
the country’s export supply will be the sum of all the individual export decisions of all firms.
To estimate the effect of an exchange rate change on the expected export from each

firm i we can compute the elasticity of the export supply relative to the exchange rate, Nge.
For each firm i this elasticity will be

SE(Q) _ 6Q _ A OPr (I = 1)
5e, = 5, Prl,=1) + Q, Se, [7]

(8) In particular, dynamic dependence of current profits from exporting on lagged or future export volume is
not allowed. Froot and Klemperer (1989) present a model and its implications for export pricing when such
dependence is allowed.



Therefore, an exchange rate change can affect the expected export of afirmi in two
distinct manners: 1) by changing the optimal export level that an exporting firm will decide
to export (intensive margin); and 2) by affecting the probability that the firm will choose to
be an exporter this period (extensive margin). In the following sections, we will estimate this
export supply choice and provide some estimates of the relative size of each of these effects
for a sample of Spanish industrial firms.

Empirical Implementation

The estimation of the export supply equation has two components: 1) the export
market participation condition of a firm; and 2) conditional on being an exporter the
relationship between export volume and exchange rate changes. We model the export supply
function conditional on being an exporter as a simple static linear function of exogenous
variables and an error term

Qi= gt aX+v ifl=1 (8]
Q=0 otherwise
where X;; are observable exogenous variables and a,, a are parameters and v;; is an error
term.

The export market participation decision I;; in equation [4] can be summarized by
expressing equation [4] with the following discrete choice dynamic equation:

lig =[ 1if (g, Q) + OB [Ver(Qited) | 1 =1 = B [Mee1(Qie) | i =0l =R+ (R + Gy 2 O] [9]
0 otherwise

This equation can be estimated structurally if we are willing to provide a particular
process for the exchange rate and a particular form of the per-period profit function (9).
Given our interest in the export supply function of equation [8] rather than the dynamic
problem in equation [9] we will follow a reduced form specification for the export choice.
However, equation [9] provides the basic results for testing the hysteresis hypothesis (Roberts
and Tybout 1997). A test of hysteresis is equivalent to a test of whether state dependence
exists in the export participation decision. If sunk costs of entry and exit are zero (i.e. no
hysteresis) then the coefficient on previous export market participation, I;—1, should be zero.
The coefficient on this variable measures the sum of entry and exit costs, i.e. the “hysteresis
band” when the volatility of the exchange rate is zero.

We can pursue estimation of equation [9] by assuming a reduced form for the value
of the firm from exporting minus the fixed costs of entry. We will assume that the expected
gain from exporting behaves according to the following equation

75(8:,Q1) + O[E [Vir1(Qited) | 1t =2 = B [Ve1(Qitsn) | 1 =0l =R+ (F+ G)ljy_; = [10]
e+ Bo&+ BuZi+ (Bt Bs Oy li1) + &

(9) Eckstein and Wolpin (1989) and Rust (1994) survey the methodology of applications of estimation of
structural models of dynamic discrete choice.



where [3; are parameters to be estimated, Z;; is a vector of observable characteristics of firm i
at timet, o;, is the conditional variance of the exchange rate for firm i at timet, and g; is an
unobservable term.

The term Z; is an annua time effect reflecting tempora variations in export
profitability that are common to all firms in the sample. These effects control for common
shocks such as changes in the business cycle, trade liberalization across al industries (such as
the creation of the European Common Market in 1992), and overall changes in demand for
Spanish exports. The term Z;; captures factors that are firm specific and affect the export
decision of a particular firm. It captures the effects of the fixed costs of entry, the firm variable
costs of exporting, and other firm specific effects. The variables most important for our
purpose are the exchange rate variables ¢, and o,,. The volatility of the exchange rate enters
the export participation decision by altering the expected value of the firm under the two
alternative scenarios of being an exporter or not. It does not affect the current level of exports
for the exporting firm, since the contemporaneous exporting decision is purely a static
decision. However, the width of the hysteresis band should increase the higher the level of
exchange rate uncertainty faced by the firm o;; (10). On the other hand, changes in the current
exchange rate affect both the current profitability from exporting and, to the extent that they
affect expectations of future exchange rates, the expected future value from being an exporter.
Therefore, trangitory changes in exchange rates would have a lower effect on export volume
than equivalent permanent exchange rate movements. Current exchange rate changes not only
affect current profits from exporting; they aso affect the expectation of the future value of
exporting by changing the firm’'s conditional expectations of the future exchange rate.

These two variables are firm specific depending on the relevant exchange rate
changes of the peseta relative to the firm's export markets (11). For each firm we need
information on the contemporaneous real exchange rate relative to its export markets, and on
the firm’s expectation of the future exchange rate process based on information available at
time t. For exporting firms we compute the firm's relevant exchange rate as a weighted
average of the bilateral exchange rate between the dollar and the currency of destination of
the firm’'s exports, where the weights are the proportion of the firm's exports to each
destination market (12). For non-exporting firms we define the destination market as the four
countries with the largest amount of Spanish exportsin 1990 in the industry in which the firm
performs its primary operations. Once we observe the firm specific exchange rates, we
estimate a time series process for each of the exchange rates so that we can obtain an estimate
of o, for each firm and time period conditional on the information available to the firm at
timet (13).

Econometric Issues. We will perform the joint estimation of equations [8] and [10].
Two issues need to be addressed. First, the estimation of equation [10] involves a test of the
hypothesis that past participation in export markets affects today’s probability of being an
exporter (a lagged dependent variable). To guarantee that we get an appropriate estimate of
this coefficient we need to control for all other determinants of export participation that are

(10) The width of the hysteresis band will increase with any increase in the uncertainty of expected profits from
exporting, not only with exchange rate uncertainty. However, we are not allowing any other source of
firm-specific uncertainty to significantly change over the sample period.

(11) Inthe Appendix we explain in greater detail the exact computation of these exchange rate variables.

(12) These weights are available for firms that were exporters in 1990 and/or 1994. See the data appendix for
details on the construction of the weights.

(13) As stated above, current exchange rates might be perceived to be permanent or transitory with different
implications for the expected future value of exporting.



persistent over time. To a large degree, these factors are being controlled by the inclusion of
all other exogenous variables of the firm that predict export performance. However, to the
extent that other left-out variables are persistent determinants of export participation, there
will be seria correlation in the error term €;;.. If the error term is serially correlated, then a
correlation will be incorrectly attributed to past export participation, causing the coefficient
on past export participation to be significant and overstating the presence of sunk costs (14).

Second, we need to specify the structure of the error terms in these two equations.
We alow for serial correlation in both equations by allowing for a random effect component in
each equation. In the export participation equation we assume that the error term €, is the sum
of two normally distributed random components: a firm-specific component and a white-noise
component: €; = a; +;.. The firm specific component captures al unobservable time-invariant
components of export participation such as managerial characteristics, foreign experience,
product quality, and other factors that induce persistent plant-specific differences in returns
from exporting. We normalize var (g;;) = 1, and assume that cov (a;, a,) = 0. The correlation
between successive disturbances for the same individua is p;, so that the covariance between
different time periods for a single plant and the fraction of the variance of the error term g;; that
arises from the permanent component in the error are the same. We assume that the error
structure on the export supply equation follows a similar structure, v;; = u, + z;, where both u,
and z; are normally distributed with zero-mean and variances o, ,0,. We further restrict the
correlation between the error components in equations [8] and [10] and assume that only the
random effects are correlated for a given firm so that cov (u, a,) = p for i = k and zero
otherwise and cov (U, ¢,,) = cov (&, z,) = cov (d,, z,) = 0. Given this, g, and v;; are jointly
distributed as a bivariate normal distribution with correlation p.

This model can be estimated by maximum likelihood. However, estimation by
maximum likelihood involves the computation of a double integral resulting from the need to
numerically integrate the two random components in the system. The estimation of such a
system is extremely burdensome. Instead, we follow the two-stage approach suggested by
Heckman (1981a). First, we estimate the export participation equation as a single equation.
This equation is a dynamic random effects probit model and it can be estimated by maximum
likelihood using the approach proposed by Butler and Moffit (1982). We then estimate the
second equation after controlling for the self-selection into exporting implied by the export
participation decision. The expected value of the quantity exported given the exogenous
variables and the variance of the disturbance term v;, in equation [8] are

E[Q|li=1=a X+po,A(B'2)

2 2 [11]
var (v;) = 0,(1-p°Ai(A; +BZ;))

where A(.) = @(.)/[1- D(.)] with ¢, and ® representing the density and cumulative distribution
function of the standard normal and the other variables are represented in vector notation.
We can estimate this second equation by a random effects model. However, the error
covariance matrix of this equation needs to be corrected for the heteroskedasticity implied in
eguation [11] and by the fact that the term A(.) is actually not observed data, but an estimate
from the first stage discrete choice analysis. We follow Greene (1981) for computing the
appropriate variance-covariance matrix.

(14) Thisisthe problem of distinguishing between serial correlation of the error term and true state dependence
that might result in “spurious’ state dependence. See Heckman (1981a) for an explanation.
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We till have the additional problem that in the first period we cannot treat lagged
export participation as exogenous because it obviously depends on a;. Heckman (1981b)
proposes using an approximate reduced-form representation for I, in the first year and
allowing the disturbance terms on that first period to be correlated with the errors for the rest
of the time periods. We included such an estimation procedure by reducing I; o to be alinear
function of exogenous observable variables of firm i and by alowing for a correlation
between €4y, and €;; (15).

Finally we need to specify the exogenous variables that conform the matrix X;, and
Z;.. For the export supply decision, the variables included are the firm specific exchange rate
e, the log of domestic sales of the firm, the investment to sales ratio, the firm’'s ratio of
employee compensation to value of sales, and a dummy that takes a value of 1 if the firm had
foreign ownership and zero otherwise. The exogenous variables in equation [10] include a set
of industry dummies, an interaction between time specific effects and previous export market
participation decisions of each firm, and a set of firm specific exogenous variables. The set of
exogenous variables included are: the percentage of foreign capital participation in the firm’s
capital, the ratio of investment to sales of the firm, the firm’s (log) volume of domestic sales, a
firm-specific exchange rate level and its expected conditional variance.

Sample and Data

The data come from a longitudinal study of Spanish manufacturing firms started in
1990. The sample period covers the interval 1990-1997. The study follows a sample of
initially 2188 firms with information collected annually from each firm (16). In 1990, the
first year of the study, a larger and more detailed survey on the firm's overall activities was
administered. The information collected each year is consistent with previous years. The
sample of firms included is representative of the population of manufacturing firms in the
Spanish economy. Firms that drop out of the original sample are replaced every year by
firms with similar characteristics from the population (17). The sample contains information
for every year on each firm's volume of sales, costs, financia performance and export
volume among other variables. The study is expected to administer the more detailed
guestionnaires once every four years. In 1990 and 1994, information was collected on each
firm’s export markets of fina destination for its products.

Table 1 contains information on the distribution of exporting firms by industry and
size. Across industries, office equipment, chemical products, leather and leather products
and miscellaneous manufacturing products show a dlightly higher propensity to export by
smaller size firms. Propensity to export increases consistently with the size of the firm. In
1990, less than a third of al firms with less than 50 employees were exporters, while more
than 80 percent of firms with more than 200 employees exported. The overall number of
exporting firms was dlightly less than half (1026 companies out of 2188). Although large
firms are more likely to export, the share of exportsin total salesis not an increasing function
of firm size. The last row of Table 1 indicates the average share of exports in total firm sales
by each firm size group. Export intensity shows a non-linear relationship with firm size, with

(15) We included as exogenous variables for this initia state I; o the sales of the firm, the ratio of R&D to
sales, the growth in sales, and the proportion of non-skill employment.

(16) The project has been directed by the Fundacion Empresa Publica with the financial support of the Spanish
Ministry of Industry.

(17) See MINER (1993) for a detailed description of the database.
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the highest export intensity among mid-size firms with between 100 and 200 employees.
This non-linear relationship also holds across different industries.

Table 2 shows the distribution of exporting and non-exporting firms through the
period of the study. The number of exporting firms has increased sightly during this period,
although due to attrition in the number of firms over time, the proportion of exporting firms
has increased from 47.7% in 1990 to 61.7% in 1997. The average exporting firm is
considerably larger than the average non-exporting firm, and the difference in size between
these two groups has been increasing over time. By 1997, exporting firms accounted for
96.4% of total salesin the sample.

The second panel of Table 2, shows the behavior of the peseta relative to the dollar,
the ECU, and the real effective exchange rate of the pesetarelative to a trade weighted-basket
of currencies. The peseta joined the Exchange Rate Mechanism (ERM) of the European
Monetary System (EMS) on June 19th, 1989, fixing its exchange rate relative to other
European currencies around a central rate, with a 6% fluctuation band. This central rate
remained unchanged until the fall of 1992, when the peseta was forced to devalue twice. We
can see this evolution from the behavior of the pesetalECU exchange rate during the period,
which is quite stable, with a significant devaluation in the 1992-1993 period followed by
another realignment in the central rate of the pesetain the ERM in 1995 (18). Inrea terms,
the peseta underwent a small appreciation between 1989 and 1992 due to the higher level of
Spanish inflation relative to its magjor European trading partners, followed by a continuous
small annual real depreciation from then on. Relative to the dollar, the peseta had maintained
a reasonable level of nominal stability until its devaluation relative to other ERM currencies
in September and November of 1992.

Export participation shows a high level of persistence across firms in the sample.
Table 3a shows the transition probabilities for firms in the sample from being an exporter in
one year to either being an exporter again next year or stopping export behavior. Each row
describes the transition from the exporting status in column 1 to the status in column 2. The
entries in the table are the proportion of firms in each of the period t categories that choose
each of the two possible alternatives the following year. For instance, the top row for the
1990-1991 column indicates that 92 percent of those firms that did not export in 1990 also
did not export in 1991. The last row indicates that more than 93% of the firms that exported
in 1990 continued to export in the following year. Clearly, there is a substantial amount of
persistence in export status over time across firms in the sample, specially for exporting
firms. There is also a significant difference in the export volume of firms that enter and exit
the export market. Table 3b breaks down the percentage of firms in the sample that enter and
exit the export market in every year relative to al firms in the sample and their contribution
to total sample sales and exports. Firms entering the export markets account for less than 1%
of total exports the first year they enter the export market. Exiting firms accounted, in their
last year in the export market, for a small percentage of total exports, indicating that their
export volume had significantly declined prior to their decision to exit the market. This
asymmetry in the export volume of new exporters and new non-exporters suggests the
presence of a cost of entering and exiting the export markets.

Persistence in export status, however, is not direct evidence for the presence of
hysteresis. It can be caused by cross-firm differences in profitability that result in

(18) Campa and Chang (1996) provide a description of the behavior of the peseta within the EMS during this
period and whether the peseta deval uations were anticipated or not.
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significantly different payoffs from exporting for different firms. In order to be able to
discriminate among these two possible hypotheses we need to control for other firm specific
factors in the context of the econometric specification above.

Computation of firm specific exchange rate processes. each exporting firm is
exposed to its own specific exchange rate process depending on the behavior of the bilateral
exchange rate between the peseta and the currency of the destination market(s) for the firm’s
exports. The relevant exchange rate variable for the firm will be an index that measures
some sort of weighted average of the behavior of the bilateral exchange rates of each
potential export market. This potential index, however, is hard to calculate since we only
observe the market of export destination for those firms that are exporters. Estimating
effective exchange rates for non-exporting firms is most difficult since the effective markets
are potential markets that have not been observed yet. Even computing effective exchange
rates based on observed export patterns of exporting firms is probably also inappropriate
since the weights themselves depend on the behavior of the exchange rate and are therefore
endogenous (19). In our data, this computation of firm specific exchange rates is actually
complicated by the fact that we only observe the breakdown of export markets twice, at the
beginning of the sample and in 1994, and that we don’'t observe a complete disaggregation of
all destination markets (20).

We compute individual exchange rate processes for each firm that was an exporter in
1990 and 1994 by taking its effective export market to be the average of its actual markets
in those two periods. For firms that were non exporters in 1990(1994) but exporters in
1994(1990), their market is defined as their 1994(1990) export patterns. For non-exporting
firmsin 1990 or 1994 we assume that their effective markets are equal to the observed export
patterns of that industry in 1990 and we compute a weighted average of the four largest
destination markets for the industry.

Once we identify the relevant exchange rate index for each firm i, we need to get an
estimate of the distribution of that exchange rate process over time, since the expected
change in the future value of the firm depends not on the current value of the exchange rate
today but on the conditional expected distribution of the exchange rate in the future. We
assume that each exchange rate process is normally distributed with conditional mean and
variance |;; and o;;. We follow the literature on exchange rate determination and assume that
the exchange rate process is well represented by a GARCH(1,1). Using data on monthly
observations from January 1980 to December 1989 we estimate, for every firm, the
parameters of the GARCH(1,1) process and use these estimated parameters to forecast at
the beginning of each year in the sample what the expected average conditional variance for
that year will be based on the firm-specific exchange rate behavior up until the end of the
previous year. For the expected mean of the exchange rate, we assume all exchange rate
changes to be permanent and use the current exchange rate e, as the expected exchange
rate in the future (21).

(19) The same is obviously true for the exchange rate volatility measure, oj;.

(20) The Appendix describes in detail the computation of the firm-specific exchange rate series.

(21) The assumption of the exchange rate following a random walk seems appropriate for exchange rates. We
also tested for the robustness of our estimated conditional volatility by estimating the conditional volatility
as the standard deviation of the log differences of the monthly firm-specific exchange rate during the
previous one and two years, and the results did not qualitatively change from those reported below.
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Econometric Results and Discussion

Table 4 presents the results from the estimation of the probit model on the export
participation decision of the firm. The third column in Table 4 reports the results from the
basic specification. The first two columns report the results from a specification in which we
exclude the exchange rate variables. The coefficient on previous export experience (l;.,) is
always positive and highly significant, suggesting the presence of considerable sunk costs in
export markets. When we compare the interaction of time effects with previous export
participation, the coefficient on the interaction effects shows no consistent pattern at the
beginning of the sample, becoming positive and significant for the later years. This effect
might reflect the increase in export persistence over time described in Table 3a above.

The exchange rate effect is positive and significant as expected (remember that the
exchange rate is the peseta price of foreign currency, therefore an increase in value implies a
peseta depreciation) (22). Thiseffect isvery robust across all specifications and suggests that
even after controlling for the year-specific shocks, firms reacted to fluctuations idiosyncratic
to their specific exchange rate.

The last two columns report the effects of including the volatility of the exchange
rate as an independent exogeonous variable and interacted with the lagged export
participation. The coefficients on exchange rate volatility are never significant. However, the
interaction effect between sunk costs and exchange rate volatility is negative and significant.
This suggests that export persistence was lower in periods of high exchange rate volatility.
This finding is not surprising given that exchange rate volatility was high during the peseta
devaluations of 1992 and 1993, which coincided with a large economic recession in the
Spanish economy (23). A likelihood ratio test rejects at the 5 percent level the null hypothesis
of al coefficients on the exchange rate volatility variable being equal to zero. However, a
likelihood ratio test of this null vs. an unrestricted model that also includes interaction effects
between year dummies and previous export market participation (such as column 4) cannot
reject this null hypothesis.

Finaly, the coefficients on the exogenous components of firm characteristics show
the expected behavior. Domestic size of the firm (LSALES) is a positive predictor of export
intention, once previous export behavior has been controlled for. The percentage of foreign
capital participation (KEXTR) aso has a positive effect (although not always significant) on
the probability of exporting, as does the percentage of non-skilled workers in the industry.
Finally, the investment intensity of the firm (INV) does not seem to significantly affect the
probability of entry.

Table 5 reports the results of estimation of the export supply in equation [8] taking
into account the sample selection induced by equation [10]. As can be seen from the point
estimates, the exchange rate has a significant positive effect on the volume of exports across
all specifications. This effect implies that a peseta depreciation increases the amount of
exports. A number of the firm characteristics help predict the volume of exports. The size
of domestic sales is a positive predictor of export performance, with a coefficient around 1.1,
which suggests the tendency of larger firms to be exporters. Firms with foreign capital

(22) Given that the exchange rate variable is firm-specific a large part of the identification comes from cross-
sectiona variation in the data. As such, the choice of base year might matter. We estimated the results
using two base years, 1985 and 1990, and the results were robust to the choice of base year. The results
reported here use 1985 as the base year.

(23) Industrial production in Spain fell by 7% between 1991 and 1993 (see the last row of Table 2).
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participation (24) (KINT) also have a higher volume of export than similar firms that are
completely owned by domestic investors. Our proxy for variable costs of production, the
ratio of employee compensation to sales (WAGES), does not help predict export
performance. We also tried to include (not reported) the level of the firm research and
development expenses and the percentage of nonskilled workers in the labor force (25). Both
of these variables tended to be positive predictors of export performance. However, their
contribution to the whole model was marginal.

Our model assumes that export supply is a static problem and that sunk costs and
hysteresis only exist for the entry/exit decision. However, an aternative hypothesis might
suggest the presence of hysteresis on the quantity of export as well as on entry and exit into
the export market. This might be due to the presence of sunk cost or to some other real
rigidity that makes, for instance, market share maintenance a desirable goal (26). In columns
(3) and (4) of the table we include the firm-specific volatility and lagged export volume of
the firm. If these variables were significant it would provide some support for the view that
export persistence exists. The coefficient on the exchange rate volatility variable has no effect
on export volume while the lagged dependent variable has a marginally significant positive
sign (27). This lack of effect of exchange rate volatilty suggests not only that volatility does
not appear to affect the value of the entry and exit option but also that it does not affect the
current level of exports. This result provides some support for the modelling strategy in the
previous section, which did not include volatility effects as having any effect on the export
guantity conditional on the firm being an exporter. The significant effect of the lagged
dependent variable suggests that some persistence on export volume such as that suggested
by Froot and Klemperer (1989) might exist.

In order to address the effect of the presence of hysteresis on the relationship between
export volume and changes in the exchange rate of the country, we need to estimate what the
effect would be of an exchange rate movement. We need to break down the overall effect on
export volume into the two distinct effects: the change in the export volume of existing
exporters (intensive margin), and the change in volume due to changes in the number of
exporting firms (extensive margin). We compute this for different values of the exchange rate,
and evaluate this elasticity both for the average firm in the sample and for the average of the
quartiles of the distribution of firm size as measured by the firm level of domestic sales (28).
We assume that the exchange rate was at its purchasing power parity equilibrium level in June
1989 and compute the effects of a 10 percent and a 20 percent movement of the exchange rate
in either direction on the trade volume. We choose the PPP exchange rate value of June 1989
since that is when the peseta decided to join the Exchange Rate Mechanism of the EMS, fixing
its exchange rate relative to its major trading partners.

Table 6 reports the estimated elagticities evaluated for the whole sample, and for the
average of each of the four quartiles. For each exchange rate change, the table reports three
numbers. the overall elasticity, and the percentages of this elasticity due to the intensive
margin and to the extensive margin. The average exchange rate elagticity is relatively high,

(24) KINT isadummy variable that takes the value of 1 if KEXTR>0, 0 otherwise.

(25) Notice that investment intensity is highly correlated with nonskilled workers. In fact, dropping the latter
resultsin a positive and significant coefficient on the former.

(26) Froot and Klemperer (1989) provide an example of such a model.

(27) The inclusion of the lagged-dependent variable in column (4), given the structure of the error term,
reguires an instrumental variable estimation. We use the estimator proposed by Arellano and Bond (1991)
for dynamic panel data models.

(28) We aso tried breaking down the sample by the firm’'s number of employees with very similar results.
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oscillating around .8. However, most of the change in export volume is not due to changes in
the number of exporters but to the intensive margin. On average only 20 percent of the change
in export volume due to an exchange rate devaluation of 20 percent is due to the increase in
the number of exporters. If the peseta depreciated only by 10 percent then the change in export
volume due to the increase in the number of exporters will be only 1.5 percent (21 percent of
the overall export change of 7.7%). As expected, the extensive margin is relatively more
important for smaller firms than for large firms, since the probability that a firm is already an
exporter increases with firm size.

There are significant differences in the composition of the exchange rate elasticity
depending whether the exchange rate appreciates or depreciates. For a given percentage
change in the exchange rate, the extensive margin is always more important if the change is
an appreciation of the peseta rather than a depreciation. This result suggests the existence of
significantly higher sunk entry costs than exit costs and is consistent with the observed
evidence on export performance by firms that exit the export market in the years prior to
exiting the market.

Conclusion

This paper has looked at the empirical role of exchange rate hysteresis in affecting
the responsiveness of export supply to exchange rate changes. The paper tests for the
existence of hysteresis in export markets and then provides estimates on the empirical
relevance of hysteresis on a country’s trade volume responsiveness to exchange rate changes.
The analysis breaks down export adjustments between changes in output levels by existing
exporters and movements due to changes in the number of exporters. Using data on a
representative sample of Spanish manufacturing firms, the paper finds sunk costs hysteresis
to be an important factor in determining export market participation. We find, however, that
the degree of hysteresis does not appear to be related to the degree of exchange rate
uncertainty faced by the exporter. Finally, although hysteresis exists, its effect on the
responsiveness of the volume of trade to the degree of exchange rate changes is quantitatively
fairly small. A 10 percent peseta depreciation increases export volume due to increases in the
number of exporting firms by only 1.5% of export volume.

The results in the paper suggest that trade adjustments due to exchange rate changes
mainly occurred through the adjustment of quantities by existing exporters rather than
through changes in the number of exporting firms. The emphasis in this paper has been on
the implications of entry and exit dynamics in the export market for the sensitivity of
aggregate trade flows to exchange rate changes. The paper did not focus on the
characteristics of the firms that enter or exit the export market, nor did it look at the
implications of being an exporter for firm performance. Recent work in this area by Bernard
and Jensen (1999), Aw, Chen and Roberts (1997) Roberts, Sullivan and Tybout (1995) using
also large micro databases for a number of different countries has discovered a number of
interesting facts about the behavior of exporting firmsin response to structural adjustments as
well as the interactions between productivity, employment, sales growth and export
performance. Continuing work in this direction will help us better understand the dynamics
of successful participation in international markets.
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Data Appendix

All data on firm characteristics come from the Encuesta de Estrategias Empresariales
database. This database contains a longitudina sample from 1990 to 1997 of Spanish
manufacturing firms. The data are collected by the Fundacion Empresa Publica for the Spanish
Ministry of Industry. The initial sampleis of 2188 firms and the sample is representative of the
population of firms in Spanish manufacturing industry. Every year firms are added to replace
non-respondent or non-existing firms so as to maintain the overall representativeness of the
sample. The database is composed of a long questionnaire administered every five years (the
first one was in 1990) and smaller annual follow-up questionnaires. All of the variables used
were collected annually with the exception of the shares of firm export to different destination
markets, which was collected only in 1990 and 1994.

Exchange Rate Data: bilateral exchange rates are indexes of bilateral nominal
exchange rates (1985 = 100). The effective firm-specific exchange rates are computed as a
weighted average of these bilateral indexes with the weights being the share of total exports
to each individual market. For exporting firmsin 1990 or 1994 these weights were obtained
directly from the sample broken down by the percentage of the firm exports to the EU, other
OECD countries and the rest of the world. If the firm was an exporter in 1990 and 1994 an
average market from these two periods was obtained. The bilateral exchange rates used for
these markets were the pesetalECU (for EU exports), the pesetalUS$ (for other OECD
countries) and the IMF nominal effective exchange rate index (line NEUR). For other firms,
industry-specific exchange rates were computed using the bilateral exchange rates of the four
largest destination markets of Spanish export in each industry in 1990. The weights were the
share of each of these markets in the total exports of the industry to those four markets. We
checked the sensitivity of the exchange rate series to the base year of 1985 by also
normalizing the index to 1990 = 100. The industry trade data were obtained from the IMF
Direction of Trade Satistics, while all bilateral exchange rates are period averages from the
IMF, International Financial Satistics.
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Table5

Estimates of Export Supply Equation

Variables: (1) @) ©) (4)P
LSALES 1.116*(0.018) 1.112*(0.018) 1.110*(0.018) 0.417*(0.028)
KINT 0.121**(0.047) 0.114**(0.049) 0.115(0.048) 0.076**(0.037)
INV -0.001(0.002) -0.001(0.002) -0.001(0.002) —0.001(0.002)
WAGES —0.658(2.724) -0.753(2.630)
&it 0.726* (0.099) 0.763*(0.126) 0.786* (0.104) 0.609* (0.104)
Oit
-0.431(0.185) 0.528(0.474)
Yit1
0.576* (0.009)
Lambda? -0.436*(0.029) -0.452*(0.032) —0.444*(0.030) —1.842%(0.623)
ou/a+o, 0.780 0.776 0.780 0.421

*Significant at 1% level.

**Significant at 5% level.
aThe values of this variable are estimated using equation (6) in table 4.
b Egtimated us ng the Arellano and Bond (1991) estimator.
Standard errors in parentheses next to coefficient estimates.
All Specifications included 14 industry dummies and 7 year dummies.
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Table 6

Estimates of Export Supply Elasticity to Exchange Rates

Quartile of the Sample Distribution of Domestic Sales
Full

Sample 1<t 2nd. 3rd. 4th.

10% Peseta Depreciation 7.7% 9.7% 8.0% 7.2% 6.7%
Intensive 79% 63% 77% 85% 92%
Extensive 21% 37% 23% 15% 8%
20% Peseta Depreciation 15.2% 19.2% 15.7% 14.2% 13.2%
Intensive 80% 64% 78% 86% 89%
Extensive 20% 36% 22% 14% 11%
10% Peseta Appreciation —7.9% —-9.9% —-8.2% —7.3% —6.8%
Intensive 78% 62% 75% 83% 90%
Extensive 22% 38% 25% 17% 10%
20% Peseta Appreciation -16.0% —20.1% —-16.6% —14.8% -13.7%
Intensive 76% 61% 74% 83% 89%
Extensive 24% 39% 26% 17% 11%

Calculations assume a PPP exchange rate as of June 1989. All estimates are based
on estimated coefficients from equation [3] in Table 5 and evaluated at the mean values of the
independent variables for each sample.




