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A Real Option Approach

In “new” new international trade theory, whether firms export or not are determined by their
productivity. These models assume that firms enter a market to find their productivity levels
revealed to them as in a lottery. In this paper we propose an alternative way to model
whether firms export or not, namely as a firm-level decision akin to an investment decision
with a real option value. We show that endogenizing the export decision is consistent with
patterns of productivity and exporting reported in the empirical literature.
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Firm-Level Heterogeneity and the Decision to Export: a Real
Option Approach

1 Introduction

According to “new” new trade theory (e.g. Bernard and Jensen, 1999;2004;
Melitz, 2003) differences in export behavior are due to differences in firm-level
productivity. To survive in domestic markets, firms need to be productive;
however to export they need to be even more productive. This implies that pro-
ductivity thresholds may exist according to which some firms will produce only
for the domestic market, some will export and, in case of the most productive,
will also invest abroad (Bernard et al., 2007; Chang and van Marrewijk, 2011;
Greenaway and Kneller, 2007; Helpman, et al. 2004).

In earlier models a firm’s productivity level is the outcome of a lottery, so
that they faced “an exogenous ex-ante distribution of potential productivity
levels” (Marin and Verdier, 2007: 4). Entrepreneurs are therefore ignorant a
priori about productivity levels of their firms before its start-up. Once they
enter the market however, the outcome of the "productivity" lottery becomes
known. In light of this information the firm will either then immediately exit,
or produce only for the local market, or also export (and/or also invest abroad)
depending on the realized productivity level.

The assumption of productivity lotteries is unfortunately inconsistent with
a number of features on exporting behavior.

For one, it implies that firms self-select into exporting and that there is
no learning-by-doing from exporting (e.g. Clerides et al., 1998). Productiv-
ity differences are only explained statically in its (fixed) levels and not growth
rates. Second, it implies that all exporting firms are early exporters, or new
international ventures (“born globals”). This is because once productivity lot-
tery outcomes are known, firms immediately react either by quitting, exporting
or not exporting. All exporting firms are therefore born-global firms in these
models. They do not wait or learn or grow, but immediately sort themselves
in export and non-exporting markets (or quit altogether). This is at vari-
ance with empirical evidence (see e.g. Wagner, 2007); indeed many if not most
firms do not start exporting at or soon after their birth. The Johansen and
Vahlne process (or stages) model of internationalization in business theory was
based on the observation that older firms are more likely to export (Johansen
and Vahlne, 1977). This makes intuitively sense if one accepts that exporting
is a complex process requiring the prior development of key firm capabilities,
including knowledge of foreign markets.

“New” new trade theory has largely ignored the direct implication for early
exporting / born global firms. If there are early and late exporters as there
clearly are in practice, what can we say or expect about their productivity
levels? If productivity is not exogenously determined by a lottery, why do some



firms export early and some late? Does the phenomenon of late exporters mean
that there is some preparation (or “dressing up”) period where firms can raise
their productivity level? And what about early exporters — how do they achieve
the threshold productivity if there is no productivity lottery — can they also
“dress up” before the firm is started up, and what do we know about this latent
entrepreneurial process?

Firms are very heterogeneous in terms of managerial ability, management
effort, entrepreneurial orientation and in the degree to which new technology is
adopted and whether and how much is invested in R&D (e.g. Ceccagnoli, 2005).
In contrast to the assumption in early "new "new international trade models,
firms strategically invest in these aspects before entering international markets.
Their productivity after market entry is therefore unlikely to be the outcome of a
lottery, but more likely to be the result of firm-level strategic considerations. In
contrast to the early "new "new international trade models causality runs from
productivity to exporting (at both the intensive and extensive margins) but also
the other way: firms can invest in their productivity or learn from exporting to
become productive. And in contrast to theory, firms can be irregular exporters
to the extent to which their (endogenous) productivity is affected by managerial
ability and adoption of technology.

Until now these instances where theory and empirics differ have not received
much attention in the "new" new international trade theory. Models of firm-
level heterogeneity ought not only to explain heterogeneity in terms of exporting,
but also in terms of the age of exporting. When a firm starts exporting may
not be a trivial question (Naudé and Rossouw, 2010). We know that timing
issues are important in decision-making — for instance in investment decisions
timing is central, as reflected in real option theory. Given significant fixed costs
and learning, the decision whether and when to export are very similar to an
investment decision. However, whereas in real option models timing is crucial
because of characteristics of the external market, in the case of exporting the
decision whether and when to export may depend on the characteristics of the
firm.

In this paper we contribute to the "new " new trade theory by using real
option theory to model the decision of entrepreneurs whether to start exporting
simultaneously when they start up a firm, and to learn from exporting even when
their productivity is lower than the threshold necessary to sustain successful
exporting. The paper is structured as follows. In section 2 we propose a real
option model to describe the decision to export. In section 3 we use this model
to identify the the determinants of the timing of exporting. In section 4 we
discuss some implications from the model and areas for further research and
theorizing. Section 5 concludes.
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2 A Real Option Model of Exporting

2.1 Basic Idea

A firm’s productivity level is not the outcome of a lottery. Firms will actively try
to improve their productivity levels before exporting. Constantini and Melitz
(2008) describe firms as "dressing up " for exporting by adopting better tech-
nology - e.g. through R&D expenditures. Castellani and Giovannetti (2010)
find empirical evidence for the notion of "dressing up" from a sample of Italian
firms. This "dressing up " phase may in many respects be akin to the invest-
ment decision under uncertainty, as modelled by Dixit (1989). Although Dixit
(1989) did not explicitly consider export market entry, but rather the decision of
an existing firm to invest or not to invest in a new project, one could interpret "
project " to also refer to the decision to export or not. Dixit (1989) showed that
if the returns for a risk-neutral firm of investing in a new project are subject
to uncertainty and there is even a small amount of sunk costs, it will be costly
for firms to reverse their decision. In such cases the option to wait takes on a
positive value. As such the decisions of a firm to export can be analyzed using
the Dixit and Pindyck (1994) approach.

By applying this approach to exporting we are following a trend in the liter-
ature where real option theory is presently diffusing as a general decision theory
into many fields. Including decisions on international ventures like in Gilroy
and Lucas (2006), or Yalcin (2009). An important advantage of this approach
is the evaluation of uncertainty and costliness of reversing a decision. While
in these models so far the investment decsions is determined by waiting for an
exogenous improvement of uncertain conditions to start the venture, our paper
suggests an active process of investment to generate the required productivity
growth endogenously. This endogenous and even time consuming investment
in the firms productivity to imporve competitiveness eventually allows for in-
ternational market entry. As we show in the next subsection, uncertainty and
irreversibility are key characteristics of the export market entry decision. How-
ever, entrepreneurs are not just wainting for things to happen, but they actively
invest in their ideas, even if the investment process takes a while and accumu-
lates costs.

2.2 Export Market Entry under Uncertainty

In the sub-sections that follow we start out by describing the uncertain fu-
ture faced by the firm when contemplating exporting as consisting of various
profit streams subject to different stochastic processes. We then derive a price
or profit threshold at which it is optimal for a latent exporting firm to con-
clude its preparation and investment period when it developed its managerial
and technological profile (gestation) and enter the market (become an inter-
national exporter). Identifying this profit threshold generated by learning and
preparation - raising productivity - allow us to then determine the expected du-
ration of the "dressing up" period, and hence to endogenously determine when



a firm would enter export markets. The sorting of firms into exporters and non-
exporters according to a prioductivity lottery is thus replaced by an endogenous
entry decision, and this entry decision is a result of an endogenous investment,
productivity improving and learning process. The timing decision as modelled
has three components, namely (i) the accumulated investment cost and benefits
of dressing up for international market entry, the (ii) value of exporting (the
expected net value of uncertain profits) and (iii) the option value of entering
the marketat a later date, which includes the possibility of further improving
the quality of the product. We discuss each of these three components.

2.2.1 (i) Dressing Up and Preparing for Export Period (Conception
and Gestation)

There are sunk costs to exporting, consisting of amongst others market research,
identification and evaluation of export opportunities, establishment of networks,
and improving the quality of the product or service so that it can match inter-
national standards. Let C; represent these costs for a latent exporting firm ¢
in each period. These costs are heterogenous amongst firms to the extent that
they have differing levels of managerial experience, entrepreneurial orientation
and technological sophistication. Thus, at the end of the dressing up period, the
same planning activities or objectives will have heterogenous costs for different
firms. For simplicity we assume that these costs are constant for each new latent
exporterl.

If we define the time at which a latent exporter perceives an opportunity
of international market entry as ¢t = 0, the total investment or sunk cost is the
sum of the costs of each period that the firm waits. The total costs or sunk
investment is I;(T) which increases over time with each additional period of
dressing up. Denoting the end of the dressing up phase by T', the current value
of total sunk costs will be:

T
Ii(T):/O Cie" TVt + C;, (1)

where r is the risk-free interest rate. and C; are the explicit eventual exports
market entry costs. Although we abstract from taxes and subsidies, these could
be included by correcting the effective interest rates r, the costs of preparing?
and the income streams for taxes.

Against theses total sunk costs one should consider that the dressing up
phase generates benefits in the form of higher ex ante productivity. The latent
export firm can observe the market performance of other products in the export
market and the payoffs of product characteristics and qualities. This will allow
the firm to judge the likely market reward for improving its product or service
(further dressing up). Hence, the resources invested in the dressing up phase

However, over time, for different products or as the firm climbs the product quality ladder,
these costs may decrease as the firm benefits from learning by doing effects of exporting.
21f these costs are tax deductible.
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Figure 1: Expected export market entry level price and market price dynamics

may generate product and process improvements - or perceptions of improve-
ments through marketing and brand-building - which could lead to an increase
in firm-level productivity. This mechanism thus creates a potential link between
product-improving investments and export market rewards. Having set out the
above we can now describe the virtual stochastic path of the pre-export mar-
ket value (price) while the firm is dressing up. In continuous time this random
process can be described as a Brownian motion

In (2) 0; is the expected rate of reward in export markets due to a marginal
improvement of a product ¢ during the dressing up phase. It is the marginal pre-
export market value differential with respect to product quality improvements
(see in figure 1 the expected time path of the pre-entry market value described
by the dotted line)®. The expected marginal market reward §; must be large
enough to compensate for the sunk costs C; . Here o; denotes a constant
volatility and dW he increments of the Wiener process.

2.2.2 (ii) Value of Exporting

Upon entry into export market (¢ > T) the firm faces a stochastic revenue
stream which can be described by an expected average growth rate subject to
uncertainty. For simplicity we assume that each new exporter ¢ is a price-taker
offering a single product or service. The price path of the product or service,

3For a formal discussion of the expected market value at market entry time T, see propo-
sition 2.



{P;(t)} is described by the geometric Brownian motion
dP, = a;Pydt + o, PdW for t> T, (3)

with a constant drift «; and a constant volatility o;, where oy, 0; > 0. Here
dW denotes the increments of a standard Wiener process; and «; describes the
deterministic part of the process. For «; > 0 P; will change at the rate «;.
Depending on the product ¢ individual price profiles will have different growth
patterns. With operating costs are constant the price profile will be identical
to the profit profile. This simplifies matters as we do not need to distinguish
further between market prices, revenues and profits and can refer merely to
profits.

The latent exporter is assumed to be aware of the profits associated with
each potential export product i. The dressing-up phase will be terminated and
the firm will start exporting when a decision is taken to realize an expected
export profit {P;(t)} associated with a particular quality of the export product
1 and productivity level. In order to derive a rule for the expected time where
it is optimal to start exporting, we have to determine the expected value of the
risky profit stream for each potential export product . Once a firm has started
to export a particular product, we assume that the quality/ characteristics of
the product or service and hence the profit profile are fixed. No other export
opportunities can be chosen and the firm is locked in. The economic value of
exporting for the firm consists solely of its future profits. For a risk neutral
firm /entrepreneur the gross value of exporting V,7"*% is given by the expected
present value of the profit stream {P;(t)}

oo

. P;
Vs = B( / Pie =T dt) = ;o>

r—oq;

T

with r being the risk-free interest rate as opportunity costs.

The firm is assumed to be immortal ¢ and the entrepreneur does not have
the option of closing or selling his or her firm. Having defined the gross value of
exporting we have to add that due to planning and preparation costs during the
dressing up phase (1) the expected gross value of exporting has to be adjusted for
sunk investment I;(t). Therefore the net value of the profit stream of exporting
at the moment of market entry is

Vi= VIO - (1) ()

2.2.3 (iii) Option Value of Waiting

In addition to the expected net value of exporting the option value of waiting
has to be considered. As long as the latent exporting firm delays market entry

1If we assume a finite lifetime, the end of the export project would be determined by
the end of the life of the firm. This date however, may be random. While a random jump
processes (modeled by Poisson processes) may be considered, addressing this issue would
involve a substantial extension of our model. We leave the relaxation of this assumption for
future work.



it retains the option of market entry without the risk of failure and having to
incur sunk costs. Waiting may open up additional opportunities which could not
have been foreseen and realized otherwise.It may thus be beneficial to postpone
exporting. Accounting for the option value F' for the Brownian motion (2, the
Hamilton-Jacobi-Bellman equation holds:

rFdt = E(dF). (5)

This Hamilton-Jacobi-Bellman equation indicates that after a time interval of dt
the total expected return on exporting is equal to the expected rate of waiting.

2.3 Market Entry

For a firm the decision whether or not to enter the export market consists of
evaluating the three elements introduced above, namely the start-up investment
costs, the uncertainty of export revenues and the option value of waiting. Given
the expected net value of the new export business (4), the option value F; of
waiting can be determined by applying dynamic programming. Once the option
value of waiting has been determined, the question whether or not to wait for
another period will be determined by the solution to:

max {V;(T), Fi(T')} (6)

As long as the option value of postponing market entry is higher than the value
of realizing the uncertain revenue stream, the firm will opt for another period
of waiting. In order to determine the price, and hence productivity level that
triggers market entry we need to consider the standard conditions concerning
a stochastic dynamic programming problem of the introduced structure. In
addition to the Hamilton-Jacobi-Bellman equation for the option value F; and
applying Ito’s lemma to dF;, we have to use the well known boundary conditions,
namely (7), the value matching condition (8), and the smooth pasting condition

9)

F0) = 0 )

F,(P*) = VI°%(P*) - I,(T) value matching condition (8)
dF; (P*)  dV; (P~) . .

1P = 1P smooth pasting condition 9)

to solve for the threshold market price P*. The setting of the decision
problem implies that the value of the uncertain revenue stream must be worth
the switch from waiting to exporting. Hence, the revenue level implied by the
Brownian motion must be sufficiently high. This leads us to Proposition 1:

Proposition 1 For productivity improving investment costs of C; per period
and sunk international market entry costs C;, a pre-export market value of prod-
uct i following the Brownian motion (2), and a revenue stream of product i that
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Figure 2: Threshold and Market Price Development

follows the Brownian motion (3) we can determine the price threshold P} (T')
that would trigger exporting as

A, C; _
P = : —a;) | — (et =1 ; 1
*(T) /\iil(r az)[r (e )—1—01}, (10)
with A = 5—;?—1- (5 —;?)2-%;?, (11)
and v > 0; (12)

Proof: See Appendix 1.

Since each additional period of waiting increases the total start-up costs the
entry-threshold becomes a function of T. To illustrate the threshold and its
determinants figure 2 (panel a) considers the case of firm 4. In figure 2 (panel
a) the horizontal axis represents duration of planing (7") and the vertical axis
the natural log of the price (and revenue) level, P;. In figure 2 (panel a) the
threshold curve is increasing over time because waiting is linked to dressing
up and improving productivity. The figure shows that an additional period of
waiting drives up the threshold as the firm needs to be compensated by a higher
market price when entering the market. As long as the reward from exporting
from productivity-improving dressing up increases faster than the threshold of
the firm, successful export market entry will be possible. The expected time to
start exporting is then known. (figure 2 panel (a)). This discussion is elaborated
below.

Once the firm is aware at which initial price level it should export the
question is when this price will be observed. The time before entry can be used
for product improvements as described by (2) so that the pre-export market



value and revenue of the firm will increase with the length of the dressing up
period as shown by the dotted line in figure 1 .

However, to determine the expected time of export market entry we need to
introduce another concept. As the development of the pre-export (initial) mar-
ket value is described by a random process (2), and the threshold will trigger
the export market entry we are interested in the expected time when the thresh-
old might be reached for the first time. This time is called the expected first
passage time. Because the threshold is non-linear we introduce here an instru-
ment which allows us to capture the non-linear development of the threshold,
and which can be graphically illustrated. Specifically, for the random process
P; (see (2)) we derive the expected first-time realization of a certain pre-export
(initial) market value P; ., (given today’s value P; o). By using the Girsanov the-
orem we can derive the probability density function of Tw or Inverse Gaussian
Distribution. Because we can determine the expected time of the realization
of each value Ij’m > ]31-’0 for the interval Ij’i,w E}Pi)o, oo] we can express the
expected time of realization as a function of ]5”; / Pi’O.This leads us to the next
proposition:

Proposition 2 From the Brownian motion (2) we can derive the expected first
time realization ET of all pre-export (initial) market values P, > on,P €
]Pz,Oa o0] as a function of -Pz,z/Pz,O; and hence determine the expected time until
any pre-export (initial) market values P; is reached as

1 P,
=———In| = . 13
0 — 307 (H‘,o) (13)

Proof. For a proof see Appendix 2.

E

el

This expected time of realization ET} of all pre-export (initial) market values of
variation  can be drawn as the ET — curve in figure 2 (panel a). As depicted in
figure 2 (panel a) there are two pieces of information available to determine the
first passage time and hence the expected time until exporting. First, the latent
exporter knows the threshold P (T") that would trigger market entry. Second,
from the properties of the Brownian motion (2) the latent exporter knows the
expected first-time realization ET; of each pre-start-up (initial) market value,
that is the expected time when a certain market value P; is expected to be
reached ET;.

If the particular initial market value P; is expected to be reached at ET}
and if P; matches the value of P;*(T) at this particular time (for T' = ET}), we
obtain the expected first passage time T;". Hence, we can determine the expected
duration of the dressing-up phase for each latent export firm i. The dressing up
phase will end and exporting will start given the present expectations for the
development of the market value (revenue) during the waiting period, and given
expectations about the firm’s export revenue profile. We can now derive the
following proposition.

10



Proposition 3 With the threshold P} (T) (see (10)), the expected realization of
ingtial (pre-export ) market values ET; (see (13)), and condition (15) and (16)
there exist an expected time of exporting T = E(T) > 0 (first passage time); and
for each vector (a;,ri, 04, T, Cy, P;(0),8;,C;) that fulfils (a) there is a marginal
environment, such that T} is an implicit function of a;,0,,C;, 11:"1—(0)7 8:,C; and
T.

Ti* :Ti*(ai,ai,Ci,I:’i(O),éi 7“) (14)
J I(T—Oli)ci > P;(0), (15)
CiT > C_'Z(Sz > CO) (16)

Proof. See Appendix 3.

In figure 2 (panel a) a higher level of the threshold compared to the expected
realization of initial (pre-export) market value indicates that the firms ’ efforts
to develop the product and the firms productivity during the dressing up period
(before T7*) are not yet sufficiently compensated by the current market value
of the product. Hence the firm will not yet start exporting.If the market does
not reward the costs of additional efforts sufficiently, market entry will not
happen. This outcome is illustrated in figure 2 (panel b). The increasing slope
of the threshold curve indicates that additional time and costs spent on product
and process development and placement must be compensated by sufficiently
increasing market rewards and hence a rising expected market price at market
entry. In figure 2 (panel b) market rewards will not match the increase in the
threshold. As a result there will be no intersect of the two curves and hence no
exports.

However, the expected time of exporting (7°) is an indicator of what might
happen in the future. In figure 2 (panel ¢) we draw the time path of the pre-
export expected market value of the product for the present state of information
at time to by the dotted line. Consequently, even if the firm expects to enter
the foreign market at 7}, a randomly occurring incident in the market can
push the pre-exporting expected market price so that the threshold is reached
and the firm will start exporting. In figure 2 (panel c) this is displayed by the
randomly upward shift of the realized market value at point A’. The observed
and hence realized market value exceeds the threshold at ¢; and hence trhe
firm will start exporting at ¢; and not -as expected before- at T*. It is easy to
find illustrative examples for such an unexpected early export market entry -
and indeed we can posit that many international new ventures (INVs) or "born
globals" may reflect unexpected early export market entry. If the firm is in a
particular industry, e.g. in high-tech communications with rapid expansion in
global consumer markets; or due if the firm is in a natural resource dependent

11



industry where trade costs are high, a sudden decrease in trade costs will lead
the firm to immediately start exporting. The entrepreneurial firm will take this
randomly occurring opportunity at ¢; - no matter what it previously planned
or expected.

3 Determinants of Heterogeneity in Timing of
Exporting

Having outlined our model in the previous sections we now illustrate its comparative-
static properties and identify the determinants of heterogeneity in the timing of
export market entry. More precisely we analyze the impact of (i) price uncer-
tainty o; , (ii) expected profit growth «; in the export market, (iii) the no-export
profit level P;(0), and (iv) costs for dressing up C;. As all these conditions are
different for different industries and firms it can be expected that these firm, sec-
tor, or even country specific differences will lead to a different timing of market

entry.

Figure 3 illustrates the reaction of export market entry when different para-
meters change.

@) (b)

-~ r 3
InP InP
non-log - linear
threshold threshold
Iresno InP'(T)
R=RM &=~
=7
6—5 _ "’.0 /
+expected export
~expected export " market entry level
market entry |evel pricelnR(T)
pricelnP(T P
o T T t o T t

Changes in expected pre-export market evaluation

(i) Price Uncertainty

Proposition 4 With an increase in risk of the future earnings o; expected ex-

12



port market entry will be postponed, that is T* will increase,

(=)

(-1t ) f
r A(A=1)r
a7 T _ (6 —30%)(A-1) P’i(o)e(é—%UQ)T =y
= (r—a)A C >0 (17)
or

<0

A=1 P;(0)

ag
. _ 1
A (¢ Q)CE(T 5+2<"2)T_(5_%0.2)

Proof. See Appendix 4.

The risk attached to profit - measured by the volatility of price - is expected
to have a negative influence on the time of export market entry. Higher risk
will devalue the export earning stream and hence decrease the attractiveness of
exporting. As long as additional net rewards of a longer dressing up period can
compensate for the increase in the threshold,exports will still be pursued (see
figure 3 (panel a). Higher risk will shift the threshold curve upwards and make a
later market entry more attractive. Interestingly enough, this result is obtained
even with risk neutral agents. We do not need to make any assumption about the
utility function and risk aversion. The pure option value and the irreversibility
include the effects of o; in a similar way.

If from a sector or firm specific perspective exports become too risky there
is no intersect in figure 3 (panel a) and the foreign market entry is not expected
to take place. This may be the case in sectors with large international price
volatility or highly unstable supply chain relations.

(ii) Profit Growth

Proposition 5 With an increase in the expected growth rate of profit in the
export market expected time of exporting T, will move forward

i _ ;}':] 1
doy; <€TT _ (0 —30) (A1) Pi(o)e(&—;af)T) (r —ay)r

dT* [T — 1+

<0  (18)

(r—ai)A Ci

<0

Proof. See Appendix 5.

Higher expected profit growth will shift the threshold curve in figure 3 (panel
a) upwards and will make market entry more desirable. The latent exporter
would like to enter the market earlier because he would like to gain sooner from
the more rapid growth process.

13



(iii) Path Level of Pre-export Expected Market Value and Revenue

Proposition 6 A rising level of the pre-export expected market value R(O) of
a potential export product © will shorten the dressing up phase T}

T 1
d;; (ZO) DY ( ) 1 <0 (19)
i . ) r76i+%a? T 242 D.
o1 (r —a;)Cse (51 201) P;(0)
<0

Proof. See Appendix 6

P;(0) indicates the level of the path of the potential export market value
(respectively profit) obtainable for product ¢ before export market entry when
the opportunity is conceptualized at ¢ = 0. As barriers to export are important
elements in this path we can directly see how such barriers affect the potential
international market entry and the duration of the dressing up phase. While
figure 3 panel (b) originally indicates no market entry due to high barriers,
high export costs and low earnings (small entry level value P;(0) with a low
level of the path of potential export earnings) a reduction of barriers shifts the
potential earning path upwards. With an upward shift expiort market entry
occurs earlier.

(iv) Investment Cost for Getting Ready to Export

Proposition 7 With higher costs of dressing up the expected time of exporting
T* will be postponed:

AT —[erT —1

= — e — 1] 0. (20)
z <6TT _ (Bi= 300 (0= 1) P(0) 6@50;”) )

(’I“ — Oéi))\ Cz

<0

Proof. See Appendix 7.

As C; denotes investment costs for export preparation, % > 0 is the ex-
pected reaction. With increasing investment costs for dressing up the firm needs
a compensation from the market. Therefore the required threshold curve shifts
upwards in figure 3 (panel a). As long as the market would reward the outcome
of the dressing up phase both curves would still intersect eventually. Hence
higher dressing up costs for productivity enhancement would postpone export-
ing. However, this is the most simple linear case discussed in the proposition. If
the marginal market reward is not sufficient (upper dashed line in figure 3 (panel
a) increasing costs could make the project unfeasible. The shift in the threshold
cannot be matched by the market reward and there will be no exporting for the
particular firm.
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4 Concluding Remarks

On the firm-level there exist substantial heterogeneity in exporting behavior.
This reflect productivity differences between firms. These differences are not
however, due to a simple lottery. Firms can "dress up " and prepare to be
export-ready. Such export readiness is however no simple decision. In this paper
we argued that this decision is in many ways akin to an investment decision
under uncertainty. Many firms never, or seldomly, reach productivity levels
that allow them to enter export markets because it is more valuable to them
to postpone exporting. This means that it is not only the decision to export
wherein much heterogeneity on the firm-level is reflected, but also in the timing
- the when - of exporting. This element of firm-level heterogeneity has largely
been neglected in new new trade theory. Our paper is an attempt to rectify this
neglect, by proposing a real options approach towards modelling the decision
and timing to enter export markets.

Consideration of this element of firm-level heterogeneity means that while
opening up or reducing trade barriers will lead to opportunities for firms these
opportunities will not automatically and immediately translate into exports.
Firms need to invest (or dress up) in their capability to export. Depending
on the sector of production and/or the individual firm’s ability resources are
needed to enter the export market and realize gains from trade opportunities.
At the micro level firm ability and access to these resources determine whether
and how fast a firm enters international markets. This variation in ability and
access to resources can explain observed productivity-export heterogeneity and
illustrates why it is relatively more easy for some firms in a sector or country
to export and why it is difficult or even impossible for others e.g. in developing
economies. Hence, opening up can easily become an asymmetric event with
respect to realizing potential gains from trade for different countries. Using the
real option model derived in this paper we have highlighted that there is value
for a potential exporter to wait and identified the importance of factors such as
entrepreneurial ability, learning, innovation and productivity growth, access to
finance and random market events in triggering or stalling firm-level exporting.
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5 Appendices

5.1 Appendix 1: Proof of Proposition 1 and Derivatives
of \

This is an extended appendix to make it easy for a referee to check all methods
and calcualtions in detail. For a publication we would reduce the appendix to
no more than 6 pages.

a) The value of the revenue stream is determined by
[ / e =T) Pyt
T

— /Pie—r(t—T)eai(t—T)
T

_ { 1 elai=n(t=1) p
Q; — T T

r—o;

b) For the option values F; the Hamilton-Jacobi-Bellman equation for the
Brownian motion of 2 holds:

1
F = —FE(dF
r o (dF)

From Ito’s Lemma we know:

IF; _9F, 1 .~,0F, _ JF;
L4 6P+ St PP N dt + o B dW
T ST LT

OF; - 0F;, 1 ,~,0F;
L4 6, P— 4+ —o?P2—1)dt
ot + OP, + QUZ ’ ap2)

K3

dF, = (

= E(dF;) = (

because E(dW) = 0.
From the last two equations we obtain the following differential equation:
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i ~ 6Fz 1 ~ BFZ
aazz + 6P — + 503133 = —71F; =0
0 OP; OP;

- O0F;, 1 ,-,0F;
& 0;Pi—= + —0?P? —=
opr; 2 opr?
This is a second-order homogenous ordinary differential equation with a free
boundary.

—TFZ‘ZO

c¢) A general solution to this differential equation will be

-
F=BP .
-
BP solves the homogenous differential equation.

R 1 - ~ 5
6;P;BAPM! + §a?BPfA(A ~1)P2—rBP} = 0

. 1 ~ ~
0GiBAP} + S0l BAA = )P} —rBP} = 0

1 2
diA+ 50 AA=1) =1 = 0
1 (51 1 52 2r
PN )\Ziiaier (5707?)2+73>1 see (11)

with 0; < r see (12)

As P goes to zero, F; tends to approach 0. This implies that the negative root
of the characteristic polynomial should have no influence on Fj as P, tends to
Zero.

Besides A > 1< r > 4;:

1 .
- _ 2 _ Jiye 20
5 GZQ+ ( U?)+U? > 1
1 2r 1 (51
Gt 7
(51‘ 2 2r 1 (52 2
JE— — > - —_
G m > (3t )
6; 1 2r 0; 1
2=+ = > 2—=
J%2+U? 0122
(51 2r > i
G o}
ro> 0
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For the derivatives of A we get:

1
S S S SN S R SR
ds o2 2 2 o2 o2 2 o02) 02

- _ > A<0
a [[(1 3§ 2+ or| * 1 -
dr 2 o2 o2 o2
_1
d\ 25, 1|/1 &\ 2r| . 1 8. 25 4r
= _ — _ — _ 2 _— — _—
do; (T? + 2 (2 O’?) + U? ( (2 03) 0’? af’)
25; 1 6N\° 20| 2 1 8. 28 o
= wtee) ] G
_1
251' 1 51' 2 2r : 1 51’ T
= _ 1 _— — _— —) —
a,‘?’ + (2 0'22) +012 (2 0?) 0;

d) At the investment trigger point P;* the value of the option must equal the
net value obtained by exercising it (value of the active project minus sunk cost

of the investment). Hence the following must hold:
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F(P7) = VoY) — L(T).

3

oo T
_ /Pi*e—r(t—T)eai(t—T) B /er(T—t)Cidt )
T 0
[eS) T
_ [ 1 e(air)(tT)Pi*] _ |:_O€T(Tt):| e
Q; —T T r 0
Py C, G ~
= 00— —t el (T=T) _ (2 T L &)
o — 1T T r
Py , _
- B Ger gy g
r— T
P . _
B(PZ*)/\: [ 72(6TT71) *Ci

r—o; T

Besides for I;(T) > 0 we have to assume that C; > %
The smooth-pasting condition requires that the two value functions meet
tangentially:

(F(P7)) = (Ve (py))

& BAP)M ! = L
r— Q4
This implies
P*
B(P/) = —1
(P7) (r—a;)A
Now we compute the threshold P;*:
P; %(erTfl)—C'i: 1)
r—a; T (r—a;)A
PrA-rr Gt 5
(r— o)A _7(6 1)+
* Ci rT ~
SPA-1)=F—a)r|=(e"-1)+C;
T
o A Ci =1 A
< P (T)—Ail(r—ozl) [7’ (e 1)—}—01} = )\71(7‘ a;);(T)

e) With In I;(T) being convex and hence In P;(T") being a convex function

inT.:
Oln Ii - C’ie’”T

or — Ci(erT —1)+C;

>0,
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*Inl; C’ire’"T(% (et —1) + C;) — C?e* ™
or2 (CT (erT — 1) + C;)2
C’irerT%erT — %Cﬂ"erT + Cire™TCy) — CfeQTT
(G @1+ G
—%C’ire’"T + Cire™ Gy
(G T-)+Crp
Cie? (rC; — C;)

= <% @7 1)1 C)? > 0 (convex) as we assume condition (18])

>0

. Olnl; Cie'T ) re”
MAToT T ARG T 10 T c
o0 oo St (e D)+ OO[ETT—l‘l' o7
re’”

= Tlim —= =r
—00 —14 55
|:1 + C; :| eT’T

erT

5.2 Appendix 2: Deriving T and Proof of Proposition 2

a) Development of the pre-start-up (initial) market value: Fzpected
Path of pre-start-up (initial) market values: The development of the pre-start-
up market value is determined by

We put g(z) = logz to get the Ito formula for logpi(t):
1 - 1, 1 .- 1

d(log P;(t)) = (?(t)&-Pi(t)+§(7]5i(t)2)]—‘>i?g?)dt+ ~i(t)oiPi(t)dW

1
(0; — 0 Hdt + o, dW

We obtain after integration

T T
log P;(T) — log P;(0 /5 - 5% dt+/aidW
0 0

& log P(T) = log P;(0) + (; — %Jf)T + o, W(T), and hence

P(T) = 152(0)6((51*’ HT+o:W(T)  and hence
E~1(T) = ~z(0)667T
OEP(T) . - 1
5T = 0,P;(0)e



and In EP;(T) is a linear function in 7

In EP;(T) = In P;(0) + 6,T

Ezpected First-Time Realization of pre-start-up (initial) market values: We
can determine the expected time E(T;) time needed to reach a certain pre-start-
up (initial) market value P;, for the first time given the present value P;(0).
By using the Girsanov theorem we can derive the probability density function

of T; ® given by

o

) () on)

5 B) P m( (0)
f(THP(O)sz) = 7~3€ iti
Vano? T
2ro,

with PM > 151(0) With the Laplace transformation of 7¢ :

:Ux

E(e™?) = / e T f(T))dT,

0

In Pix )
- [\/ (ai—%o?)2+2a%k—(ai—%a?)] »(75) S

= €

B(T.,) = / T,/ (T;)dT

For each Pi,z we can determine each expected time F (Tm) when this initial
income level PW is reached for the first time. Hence for a continuous variation
of ﬁm > ]5,»(0), Ism € R we can write E(ﬂ) as a function of any potential initial
income level ]52

In( b
~ Pi,
E(T;) = 6—7%:)72' see (13).

Later we want to discuss the existence of the expected time T of market en-
try for the threshold P}(T') (first passage time for the threshold P/ (see 10)).
Therefore, , for each existing ET = T we rewrite (13) as a conituous function
f of time T

Py = Pype" 0D = (1),

5 An extensive discussion is offered by Karatzas and Shreve (1991, p.196) or by Karlin and
Taylor (1975, p.363).
6See Ross (1996) Proposition 8.4.1.

22



@) (b)

InP
non-linear threshold

b G(d,a,s,C,Y(0),r)

linear expected >
entrylevel price .
InY(T) 4 T
(©
r
dinl
dar
- > ”* >
0 T t 0 T t

In f(T) is a linear function in T :

In f(T) =1In ]31‘,0 +T(0; — %0’?).
5.3 Appendix 3: Existence of a solution for the expected
time 7™ of market entry, and determination of 7™ as
an implicit function/Proof of Proposition 3:

In general we look for conditions described in figure 5.3. The threshold starts
above the pres-start-up (initial) market value curve. For positive T' the threshold
will have an unique intersection with the initial value curve from below at A.
Hence at the time of expected market entry denoted by T* G = P} (T)— f(T) =
0 and the G—curve has a negative slope % < 0.

Further, at T* the threshold P;(T" = 0) must start above f(F(T)), and

G > 0 during the pre-market entry period (0 < ¢ < T™*). Otherwise the market
entry would have been taken place.
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5.3.1 Negative slope of G

oG A

* ~ 12y
o = o e)Cie” f(aﬁiag)a(())e@ 2907 <0 (22)
- A (r—a;) (5 12y
S P(0) > —— Y CielrGimzoi)T
A e T
A C; 1 . PR .
o )\71(7“_@0 i (r=(6i—30I)T _(7_02)6 (6i—30)T
A (r—a) s 1 2y g
> 77207;6(7‘ (61 20i))T 23
10— 1o )
o Ggrtenr (G gytitonr G o-imtotyr
r r (0i — 507)
Ci i = —rT* Cz
& L4 (—=24C)e T > T3
r r ( T 50-2)
& (—=4+C)e > — - —
( r ) (6; — %Uf) T
C{’ 2 -t
PN efrT* > (5i*gf’i) _ T
_Tz +Cz
C; . e 1 C; Ci
152 — _ 152
S —rT* >1n (6 201) " leT"<—mh ¢ ZC‘) -
=+ T =+
ot~ ¢ c e
(0;—507 r i i i ~
Sl R |PIN L (A e o
a —% + C; (6; — %O’?) T r
C; — 1 o A _
& a5 <Ci e <(§—507)0 <rC; see 16
(0 — 507) 2

Before market entry the initial income curve must grow faster than the
threshold curve. Only for a negative slope G can approach and eventually reach
zero. 9% < 0 is fulfilled if condition C; > < (condition 16)

5.3.2 Existence of an intersect of P(T*) and f(E(T™*)) for positive T*

a) As the function In P/(T") is convex if condition (16) holds (see 21) and the
function In f(7') is linear, there are at most two intersections. We are interested
only in intersections at 7" > 0. An intersection for positive values of both
functions exsits if condition (15) and (16) holds and G = 0 for positive values
of T*.
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= o) {(erT* 1) +Cw} — B(0)e® 37T =
A C; . - - 1
1 - —(e™ -1 =InP, — —o)T*
= n[)\_l(r al)[r(e )—i—C’l” n P;(0) + (4; 201)
A Ci vr S D _ L o\ s
< In [)\ 1(r—ozl) [T(e 1) +C’1” In P;(0) = (4; 2Ui)T
A Ci (rT™ A
1 S (r—ay) [=(e 1)+ C; !
N = (il el ) TG e b
(0i = 307) P;(0)
A Ci, o+ - -
o) | 2T 1 P
= )\71(7“ a,)[r(e )+CZ}> 5 (0)
A i T ~ A C;
= )\_l(r—al)—e > P;(0) + /\_l(r a;) < CZ>
« A—1 1 r - T
rT PZ 1— i —
< X r—ayg, O TI-Gg
1 /\—1 1 T ~ r o —
T>-In |2 T B)+1— ~C|see (1
= >l | = " —anC 5 (0) + 2C’z see (15)
At C’Llc:l > % (r—lal) é Z(O)
< G > %(rfla,)Pi(O

The last inequality is a condition for the axis intercepts of PFand f(T). It
guarantees that f(7") has a lower value in T' = 0 than P;.

PF0) > f(E(0)
~_A-=-1 1 -
= C> ———=F(0
~ (r—a) i(0)
b) Further, in figure 5.3 the condition for an intersection and a negative
slope have to hold simultaneously at T*. We need to show that there is a T
were both % < 0 and G = 0 hold. That is, we can find a minimum level for
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P;(0) in order to ensure an intersection and a negative slope:

L [fl(r—ai) [

(¢~ 1) + Ci]

-1
= T"<—In
5,’-%0’2 r

follows from G=0

1 A Ci e _ 1 . 1
1 —a;) | = (e —1 1 - ———mP 9
(Si*%gg n|:)\1(7“ al) |:7”' (6 )+CZ:|:| 52_7%012 n 1(0) < r
C’.
A Ci -1, 6 — 307 5102 v .
1 — . ZterT —1 . ? 2 Zl i 507 _ In P
n_)\il(r az)_r(e )+Cl__+ . n = ros < InPi(0)
[Ci o I R 1 A o= =Ry i
n _Ail(roq) _Crz(eTT ~1)+ G| + 27 5‘_5‘;1 5| < mRO
c<0
A C; . _ .
2e-a [Gem -nsa]]e < ro
)\il(rfai)fe”* c /\il(r ai)% +)\_1(r a;)Ce® < P;(0)
A Cz T ¢ ~ A C’z by B
_ )T P N o . ] c
)\fl(r az)re < 1(0)‘5‘)\71(7" Oéz)r )\71(7" a;)Cie
* ~ 1 A—1 rC,
rT™* c P L c i c
et e’ < L(O)CZ o) — C e
T ~ r 1 A—1 c rC;
1(0) - — 1-
e < (U)Cz =) X e C
1 (= r 1 A-1 G,
* —1 _ —c 1— i
T < , n( Z(O)Cl (T*O&i) 2\ CZ>
~ r 1 A—1 rC;
P;(0) = e+ 1- 1
(O)C’l (r—a;) A ¢ : >
~ - A
P, ; — e
1(0) > Cz)\ — 1(7" Oét)e
57;7%0'12
~ = )\ 51—%7:03 71
P’L(O) > Cz)\_l(’r—al) 7774» 71
—_—
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Finally, P;(0) has to lie in the open interval Cix25(r—oy), Cix27(r — o) ( '

5.3.3 c¢) T* as implicit function of various variables: Proof of proposi-
ton 3

Proof of Proposition 3: (i) condition , (15) hold,

(ii) the derivative g—g(ai, i, 04, T, Cy, P;(0),8;, C;) is negative (see condition
(22)) for each vector (a;,r, 04, T, Cy, Pi(0),8;,C;) and

(iii) the partial derivatives of G by of «;, 0, C;, ﬁi(O)7 §;,C; and r are con-
tinuous (vide infra), we can apply the implicit function theorem. Hence for
a marginal environment of any vector (as,7,0;, T}, Cy, Pi(0),8;,Ci), T is an
implicit function of of oy, o;, Cj, Pi(0),8;,C; and r.  q.e.d.
T = T*(Oél‘7 g, Ci, PZ(O), (51 , T, éz)

K2

5.3.4 d) Curve properties of V; = V" — [, (Net Current Value)

~_ 6LT . _
Vvi _ PZ(O)C _g(erT_l)_Ci
r— o r
oss ()
gross _ . — al
= (‘/z ’L)(O) r— o C’L
d(V) _ §;P(0)edT T
dIr  r—o Cie
Maximum of the curve:
d ipi T 1p7
0 = (V) = 0iFi(0)e —Cie'" = In lé (0) +6,T=InC; +rT
dr T — oy T — oy
1 £i(0) 4
T = —
< r—0; r—ao; C;
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(V) 62 P;(0)elT

_ _ T
772 = o rC;e"™ <0
2 §;T
P i
s Ot > 0iPi(0)e
T — Q4
02P;
< In(rC;) +rT > ln(lim)) +0,T
—
1 67P;(0) 1
In(-= —
e > r—4; ( r— oy TCZ')
1 Pi(0) &
forT = —
or — — Ci] we get
0
— > 1
r
oV 1 .7
ac ~ ¢ <0

5.4 Appendix 4: Proof of Proposition 4

To apply comparative statics for the implicit function T} = T (a;, 04, Ci, ]51-(0)7 0; 74)
we need to consider;

oG _ A
or  A—-1

Since we are only interested in values of 7% described by point A in figure
5.3 conditions (15) and 2% < 0 (16). Then at T* we obtain:

1 ~
(r = ) Cic"™ = (8 = 301 Pi(0)e 27T Z 0

7

oT*
—2 Ci rT Ci o
s |ahp A -a)Set - (- a)S 4 G- an)
do 5 21— @)CierT — (8 = §o?) Pi(0)eld=37DT
(83)
(Aaifi)z (r— i) (S (e = 1) + Cy) — P(0)o;ei= 57T

23— a))Cier? — (8; — 507) Fi(0)el—370)7T

(=)
X _
()f)jliy (7‘ - ai)%(erT -1+ %f‘)
= 1,2
) —By(0)o @ —eDT 9

1.2 D
(erT _Gi—3o) (A 1) Pi<o>e(5i_;gg>T> e,

(r—a;)A C;

<0 see (22 and 16)
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5.5

dT*
do

5.7

ar
dc

Appendix 5: Proof of Proposition 5

A Cir A Ci_ A A
L [*HTETJMAT*C%‘H}
9 20— a)CierT — (5 — Lo?)Py(0)e®i 2007
1 A G T C’ﬂ’
— . _ —le"™ —1+ <0
(e'rT _ wi_éii)(,{\_l) PiCSiO)e(éiféa?)T) A(;:flxi)ci A—1r [ C; )
B " — 1+ G Ly
erT B (5L — %O’?) ()\ — 1) PI(O) 6(51—%02)T (7’ — Oli)’r’
(r—az)A Ci
<0 see (22 and 16)
Appendix 6: Proof of Proposition 6
e
__dn©) _ -1 N [—ei—3oD)T)
5 21 (r — ) Cier™ — (§; — $02) Bi(0)e®i=30T
1
D) (r—(6i—%o)T [, " :
P 1(T — ai)C’ie vo2vd — (51 — §O'L)Pz(0)
<0 see (22 and 16)
Appendix 7: Proof of Proposition 7
e’
= 9= e el -
o7 aop(r—a)Cie™ — (6; — 507)Pi(0)el% 27T A — 11
~1 A 1, .
= = . r—a;)—[e" 1
27 (r = @) Cier™ — (8; — 507) Py(0)el?i 2707 A = 1 )7’[ |
-1 A 1,7
= — — ;) — Lo 1
(o7 — B ZIGD B0 51t ) Ay, A - p(r e e ~ 1]

(’F*Oéi))\ 01

_ _[erT _ 1} ~ 0
o 1.2 5
vr (00— 305) A=1) P(0) (5, 1,21 4
(e = c, e rC;

<0 see (22 and 16)
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