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Abstract 

An influential hypothesis states that export pioneers are too few relative to social optimum because the first exporter’s action 

creates an informational public good for all subsequent exporters. The hypothesis has been invoked to justify certain types of 
government interventions. We note, however, that such market failure requires two inequalities to hold simultaneously: the 
discovery cost is neither too low nor too high. Neither has to hold in the data. We propose a structural estimation framework to 
evaluate the hypothesis, and estimate the parameters based on the customs data of Chinese electronics exports. Our key finding 
is that “missing pioneers” is a low-probability event for large countries, but can be a serious problem for small economies. 

Keywords: Trade, Market Failure, Missing Pioneers 

 

1. Introduction 

This paper aims to gauge the empirical plausibility of an 
influential hypothesis that export activities are prone to a 
particular type of market failure, namely, due to knowledge 
spillovers from the first successful exporter to follower 
firms, there are too few export pioneers relative to social 
optimum. While there is a growing literature examining the 
“missing-export-pioneers” hypothesis, we propose the first 

empirical check based on a structural estimation framework, 
and reach a conclusion that is different from the majority in 
the literature. 

When a firm exports a product to a new market, it 
has to pay a cost of discovery to learn about local taste, local 
regulation, and the appropriate amount of “tinkering” that 

may be needed to make the sale possible. If this new 
knowledge can be costlessly utilized by subsequent 
exporters to the same market, there is a gap between the 
social value of the first discovery and the private value to 
the pioneering exporter. Because the knowledge about a 
new export market is hard to patent, export pioneering 
activities may be less than socially optimal. This type of 
market failure has been emphasized in the theoretical 
models by Hoff (1997) and Hausmann and Rodrik (2003) 
as a possible explanation for why many developing 

countries fail to convert their potential comparative 
advantage into actual exports.1 Since new exports can bring 
benefits to accelerate growth (Lucas, 1993, Amsden, 1992), 
missing export pioneers and under-exporting may 
contribute to economic under-development. Many have 
cited this possibility as a basis for supporting government 
interventions, in the form of subsidizing export discovery 
activities (Hausmann and Rodrik, 2003, Rodrik, 2004). 
Several recent empirical papers provide support for 
elements of this hypothesis, such as Freund and Pierola 
(2010) and Artopoulos et al. (2013). However, these studies 
are mainly based on case studies. To our knowledge, no 
paper so far has formally estimated the probability of 
missing pioneers and determined when it may be a low-
probability event. 

However, the existence of costly discovery and 
positive externality do not automatically imply missing 
pioneers and a need for government intervention. Such 
market failure also requires two inequalities to be satisfied 
simultaneously. First, the discovery cost for entering a new 
market has to be smaller than the sum of the expected profits 
of all potential exporters in that market. Otherwise, even a 
social planner would not want to pay the cost to discover 
that new market.2 

 

☆ We thank Wouter Dessein, Amit Khandelwal, Nikhil Patel, Andrea Prat, Dan Trefler, Daniel Xu, and seminar participants at the 
National Bureau of Economic Research China workshop, UC Berkeley, Columbia University, Cambridge University, University of 
Toronto, UC San Diego, University of Southern California, Tsinghua University, Harvard Kennedy School, and Shanghai University 
of Finance and Economics for helpful discussions, and especially Daniel Xu for generously sharing his codes with us, and Nikhil 
Patel, Yang Jiao, and Lea Sumulong for editorial comments. All errors are our responsibilities. 

 
1 This hypothesis is very influential. For example, the Hausmann 
and Rodrik (2003) paper has 1150 citations by Google Scholar 
count. 

2 We would like to stress that the new market exploration is a 
discrete choice. So the existence of the externality does not 
necessary suggest the planner’s decision is different from the 
market’s decision. 
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would not want to pay the cost to discover that new market.2 Second,
the discovery cost has to be greater than the expected profit of any indi-
vidual firm. Otherwise, some firm will find it profitable to unilaterally
pay the discovery cost in spite of its inability to capture the full value
of the discovery, and the knowledge spillover will take place anyway.
Since no presumption exists in economic theory that either of the two
inequalities has to hold, one has to look at the empirical evidence
on these inequalities. As far as we know, no existing empirical work
has taken the approach of assessing both inequalities simultaneously.
Hence, we are not yet able to judge if ‘‘missing pioneers’’ is a high
probability event or not.

We develop a structural estimation framework to study this ques-
tion. We apply the framework to micro-data on Chinese electronic
exports (e.g., radios or television sets).3 Specifically, we first use annual
export data during 1996–1999 from the Comtrade database to identify
product–destination pairs that China did not export prior to 2000, then
we use monthly customs data to capture all new market explorations
during 2000–2002, and track the export activities of both pioneers and
follower firms at the product–destination level by month throughout
2000–2006. A structural model and a maximum likelihood estimation
procedure allow us to estimate structural parameters including the dis-
covery costs and other demand and cost parameters. Our data allows us
to observe if and when a new market is explored, who the pioneers are,
who the follower firms are, and how their respective export volumes
and unit export values evolve over the sample period.

How do we identify the market failure? In particular, since there are
many product–destination pairs for which there are zero exports from
China, how do we estimate the size of the discovery costs (or the costs
to explore new markets) in such markets? How do we know, in cases of
zero trade, whether they represent market failure—when the discovery
cost is high enough to deter any individual firm to want to be a pioneer
but not too high so that the social planner still wants a pioneer?
These are some of the important identification questions we have to
tackle. Our identification relies on a combination of assumed economic
structure and data features. In terms of the economic structure, the
discovery costs are allowed to vary by region, but assumed to be the
same within a given region. If some countries in a region receive
exports of some products, the discovery cost for that region can be
estimated. In the actual data, while many products are not exported
to many countries, there are always some exports of some products to
some countries in every region. This helps us to estimate the discovery
costs for all regions. After estimating parameters in the demand and
cost functions, we can simulate the expected profits of the firms in
any given product–destination pair, and then make assessments on the
likelihood of market failure.

To preview the main results, we find evidence in support of the
notion that the observable action of the export pioneer is a public
good. Nonetheless, we find that the probability of ‘‘missing pioneers’’
is only high for small economies but not for large or medium ones. For
a small economy, a 20% increase of the discovery cost could increase
the probability of missing pioneers by 10%. While for large economies,
the missing pioneers usually is a very low probability event.

This paper is related to a large empirical literature on testing the
information externality in exploring new markets. Besides the papers
mentioned early, Wagner and Zahler (2011) also show data patterns
that are consistent with the notion that the first exporter’s action is
a public good. In particular, once a pioneer becomes successful, they
show that imitators tend to emerge relatively quickly. Fernandes and
Tang (2014) provide both a model and evidence from China that
exporting firms benefit from observing the successes and failures of
other firms.

3 The electronic export is the biggest export sector in the Chinese data. Its
export share is over 20%.

We can connect the current discussion on whether an exporter
pioneer produces a public good (knowledge about a new foreign mar-
ket) to another literature on informational barriers to trade. Rauch
(1996, 1999, 2001), Rauch and Trindade (2002) , and Casella and
Rauch (2003) show that firms often tap into social networks or or-
ganize themselves in ways to overcome the informational barriers. In
other words, new explorations can successfully take place in markets
where information appears costly even in the absence of government
interventions. This makes ‘‘missing pioneers’’ less likely than it first
appears.

If knowledge about a foreign market is a public good, diplomatic
services, government-sponsored trade missions, and export promotion
agencies could play a useful role. Rose (2007), Nitsch (2007), Ferguson
and Forslid (2013), and Lederman et al. (2009) provide related em-
pirical evidence. However in these studies, a government’s role may
not necessarily be about producing a public good. It could include
reducing financing difficulties of exporting firms or applying political
pressures on a foreign government to re-direct trade flows away from
other trading partners. In other words, they are not a direct support for
the ‘‘missing pioneers’’ hypothesis.

Finally, the paper is also related to the literature on the learning
and firm dynamics. Most papers consider the learning as a Bayesian
updating process (Jovanovic, 1982; Abbring and Campbell, 2003; Arko-
lakis et al., 2018). Our paper focuses on the followers’ learning from the
pioneer firm. However we simplify the learning process as a one-time
learning.

The rest of this paper is organized as follows. In Section 2, we set
up a simple model to explain the main mechanism of our paper. In
Section 3, we lay out the estimation model and explain the estimation
procedure. We also introduce and summarize the Chinese export data
at the firm–product–destination level over our sample period, high-
lighting a few salient features that are particularly relevant for our
research questions. In Section 4, we present our baseline estimation
results, including estimates for discovery costs. In Section 5, using the
structural parameter estimates, we provide an assessment of the proba-
bility of ‘‘missing pioneers’’. We also discuss a number of extensions
and robustness checks. Finally, in Section 6, we provide concluding
remarks.

2. A simple model

We construct a simple two-period model in this section to explain
the main mechanism. We will lay out a full model for estimation in the
next section.

2.1. The decentralized economy

There are 𝑁 firms in the home economy that can potentially export
to a new destination. 𝑁 is exogenous. To explore a new market, the first
exporter is called a pioneer. There are two periods, and the discount
rate is assumed to be zero for simplicity. In every period, each firm
draws an export profit 𝜋 ≥ 0 for that period independently from a
distribution 𝐺. Denote 𝜋̄ as the expected value of export profit.

Consider a virgin market (where no domestic firm has ever ex-
ported). In the first period, a firm draws 𝜋 and then decides on whether
to explore the market as a pioneer or wait to the next period. If the
firm chooses to be a pioneer, it needs to pay a discovery cost 𝐷 > 0.
The discovery cost can be interpreted as a cost to discover the extent
and the nature of local regulations or the type of adjustments needed in
packaging and labeling in the new destination. The pioneer’s life-time
value is

𝑉 𝑃 (𝜋) = 𝜋 + 𝜋̄ −𝐷 (1)

where 𝜋̄ is expected profit in the second period.
If the firm chooses to wait, it will face two possibilities in the next

period: (1) no one else has chosen to be a pioneer in the first period
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and the market remains unexplored, or (2) another firm has become a
pioneer and it will have to decide to be a follower or not. In the first
case, the firm draws a new profit 𝜋′. Its second-period payoff will be
𝜋′ − 𝐷 if it decides to explore the market, and zero otherwise. In the
second case, if the firm decides to be a follower, it can avoid paying the
discovery cost 𝐷 (although it still needs to pay other costs of exports).

Denote the probability that at least one firm wants to be a pioneer
in the first period as 𝑥. The firm’s value to wait is

𝑉 𝐹 (𝜋) = 𝑥𝜋̄ + (1 − 𝑥)𝐸[𝑚𝑎𝑥(𝜋′ −𝐷, 0)] (2)

where the expectation 𝐸(.) on the right hand side is taken over 𝜋′.
Eq. (2) says that if the market is opened by another firm (with prob-
ability 𝑥), since the firm is a follower, its expected profit is 𝜋̄ and it
loses the first period profit comparing to the pioneer. But it saves the
discovery cost 𝐷. If the market is not opened (with probability 1 − 𝑥),
the firm needs to pay the discovery cost 𝐷 and gets an expected net
profit 𝐸[𝑚𝑎𝑥(𝜋′ −𝐷, 0)].

Let 𝜋̃ be the cut-off value of the profit draw that makes the firm
indifferent between being a pioneer and waiting, 𝑉 𝑃 (𝜋̃) = 𝑉 𝐹 (𝜋̃). If the
firm’s current profit draw is greater than 𝜋̃, it will choose to become a
pioneer. So the probability that the market will be explored is

𝑥 = 1 − (𝐺 (𝜋̃))𝑁 (3)

where 𝐺 (𝜋̃) is the probability that a firm’s profit draw is lower than
the cutoff 𝜋̃. Since the profit draws are iid across firms, (𝐺 (𝜋̃))𝑁 is the
probability that all firms’ profit draws are lower than the cutoff.

The cutoff value can be found by 𝜋̃ = 𝐷−(1−𝑥)(𝜋̄−𝐸[𝑚𝑎𝑥(𝜋′−𝐷, 0)]).
Since 𝜋̄ > 𝐸[𝑚𝑎𝑥(𝜋′ − 𝐷, 0)], we know 𝜋̃ < 𝐷. In other words, the first
period net profit for the marginal pioneer, 𝜋̃ − 𝐷, is negative. This is
because that a pioneer can save future discovery cost. It is willing to
bear a negative profit in the first period.

To obtain a closed-form solution, we assume that 𝐺 follows a
Bernoulli distribution. That is, the per-period profit takes one of two
values 𝜋𝐻 > 𝐷 > 𝜋𝐿. With probability 𝜓 , the profit 𝜋 is 𝜋𝐿; and with
probability 1 − 𝜓 , the profit is 𝜋𝐻 . As long as 𝜋̃ is between 𝜋𝐿 and
𝜋𝐻 , we then have 𝐺 (𝜋̃) = 𝜓 . In this case, the firm will explore the
market in the first period only if it draws 𝜋𝐻 . So 𝑥 = 1 − 𝜓𝑁 and
𝜋̃ = 𝐷 − 𝜓𝑁 𝜋̄ + (1 − 𝜓)𝜓𝑁 (𝜋𝐻 − 𝐷).4 When the number of potential
entrants increases, it becomes more likely that at least one of the firms
will have a good profit draw which will propel it to become a pioneer.

Meanwhile, we can also see that the profit of the marginal pioneer
is higher than the profit of a marginal follower. We will use the this
difference between pioneers and followers to identify the discovery cost
in the empirical section.

2.2. Discussion

What does a pioneer firm discover in a new market that becomes a
publicly available knowledge for all other firms from the same country–
industry? An individual market may have its idiosyncratic form of laws
and regulations governing market entry and dispute settlement. For
example, the type of product labeling, the optimal size of packaging,
variations of local taste and preference, or cultural nuances in color
and wording may vary from market to market and may be unfamiliar
to firms from a particular exporting firms. Often a given importing
country can have idiosyncratic regulations and fees beyond the more
standard tariffs and value added tax. In terms of dispute settlement,
some countries rely on a formal court process, while others may rely
more on informal arbitration or intermediaries. Knowledge of these
market-specific rules and norms is not automatically available to firms
from a given exporting country–industry. Finding out such information
may be costly, but a portion of such information only needs to be
found out by one firm from each exporting country–industry. This

4 Notice that 𝐸[𝑚𝑎𝑥(𝜋 −𝐷, 0)] = (1 − 𝜓)(𝜋𝐻 −𝐷) since 𝜋𝐻 > 𝐷 > 𝜋𝐿.

makes such knowledge to have a public good feature. This can be
modeled as a discovery cost paid once by a pioneering firm, but the
resulting knowledge flows costlessly to all follower firms. The existence
of such externality from export pioneering activity is a key insight
from Hausmann and Rodrik (2003). While they take it as prima facie
evidence for market failure that will justify a government intervention,
we will provide novel and important qualification to the market failure
argument.

Note that there are still components of the entry cost such as tariff
and value added tax that even follower firms have to pay. In the
empirical section, we separate the total cost of entry into a foreign
market into two pieces: a discovery cost incurred only by a pioneer
firm, and a normal export entry cost incurred by all firms that engage
in exporting to that market.5

There is another way to understand the discovery cost. Assume that
a firm’s export profit can be written as 𝜃𝜋: a firm-specific component
𝜋, and a country-level component 𝜃 that is the same for all firms from a
given exporting country–industry to a given market. Each firm needs to
pay a fixed cost 𝜙 to export. Following Hausmann and Rodrik (2003),
all firms are assumed to understand their own 𝜋 and 𝜙, but no firm
knows the actual value of 𝜃 until a pioneer firm tries out the market.6
If one firm explores a market, all firms can learn how suitable their
collective bundle is for the new market.

For simplicity, assume 𝜃 can on take one of two values. With
probability 𝜏, the country does not have a comparative advantage in
a certain sector and 𝜃 = 0. With probability 1 − 𝜏, the country has
a comparative advantage and 𝜃 = 1. In this case, when a pioneer
firm finds out that 𝜃 = 0, it suffers a loss from incurring 𝜙 but the
knowledge about the value of 𝜃 helps all other firms. Appendix A shows
formally that the ‘‘discovery of the comparative advantage’’ highlighted
by Hausmann and Rodrik (2003) is isomorphic to our model.

In the baseline model, the only ‘‘learning’’ is by follower firms
about the value of 𝜃 and the learning takes a very simple form since
that follower firms acquire the knowledge about the new market in-
stantly.7 In the extensions, we will consider some additional channels
for knowledge spillover.

2.3. The planner’s problem

We assume that the social planner cares about the total value of
all firms. The planner could require all entrants to share the discovery
cost regardless of the sequence of entry. In the first period, before
a market is explored, all firms draw their individual potential profit
𝜋 independently from the same Bernoulli distribution 𝐺. Given the

5 Moxnes (2010) assumes a one-time entry cost plus a repeated entry cost
for each exporter in a market, but there is no distinction between a pioneer and
followers. There is no positive externality associated with export pioneering
activity. Alvarez et al. (2013) provide evidence that firms can save the fixed
entry cost by learning from their own export experience (rather than other
firms’ experience).

6 This can be rationalized by assuming that the foreign preference has
two layers. The representative foreign consumer first chooses his consumption
bundle by country origin and then chooses the varieties by firm from a given
exporting country. All exporting firms understand the foreign allocation of
expenditure across different varieties but are uncertain about the total expen-
diture on goods from a given exporting country. In other words, exporting
firms understand 𝜋 and 𝜙, but are uncertain about 𝜃.

7 Some other papers Dickstein and Morales (2018), Li (2018), and Morales
et al. (2014) study firms’ learning behaviors under Bayesian setups. The key
difference between our model and other learning models is that firms learn
from pioneers in just one period, rather than gradually update their beliefs.
There are two reasons for our simplification. First, our data only covers a short
time horizon (4 years). It would be difficult to allow followers to gradually
update their beliefs. Second, even with one period learning, we can still
capture the key idea in Hausmann and Rodrik (2003) that export pioneering
creates positive externality.
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realizations of the profit draws, the planner decides on whether the
new market should be explored in this period, and if the answer is
affirmative, picks the most profitable firm to be the first exporter (the
pioneer).

We denote the maximum profit draw in the first period among the
𝑁 firms as 𝜋1. Since all firms that choose to export in the second period
can do so without having to pay the discovery cost, the expected total
profit in the second period is 𝑁𝜋̄. The social planner’s value if she
decides to have a pioneer, 𝐽𝑃

(

𝜋1
)

, is defined as

𝐽𝑃
(

𝜋1
)

= 𝜋1 −𝐷 +𝑁𝜋̄

where 𝜋1 is the profit of the most profitable firm in the first periods,
and 𝑁𝜋̄ is the sum of expected profits of all 𝑁 firms in the period 2.

If there is no pioneer in the first period, the expected profit of
each firm is 𝐸[𝑚𝑎𝑥(𝜋′ − 𝐷, 0)]. The planer’s value is denoted by 𝐽𝑊 =
𝑁𝐸[𝑚𝑎𝑥(𝜋′ −𝐷, 0)] = 𝑁(1 − 𝜓)(𝜋𝐻 −𝐷).

If 𝐽𝑃 > 𝐽𝑊 , the planner would want to explore the market in the
first period. That is

𝐷 < 𝜋1 +𝑁(𝜋̄ − (1 − 𝜓)(𝜋𝐻 −𝐷)) (4)

The right hand side is the gain from exploring the market. The first term
is the pioneer’s first period profit. The second term captures the gain
that in the next period, all firms can save 𝐷 and have an opportunity
to export. The left hand side is the cost of exploring the market. When
𝑁 increases, the gain from exploring the market is larger. Thus the
probability that the planner wants to have a pioneer increases with 𝑁
as well.

In the first period, given the profit draws for all firms (an 𝑁 × 1
vector 𝜋), the ‘‘missing pioneer’’ market failure can be defined as a sit-
uation in which the planner wants to have a pioneer but no individual
firm wants to be a pioneer. We use 𝜂 to denote the probability of a
‘‘missing pioneer’’. Formally,

𝜂 = 𝑃𝑟
(

𝜋: 𝜋1 < 𝜋̃ and 𝐽𝑃
(

𝜋1
)

> 𝐽𝑊
)

The market failure happens when (1) the maximum profit draw by all
firms is lower than the cut-off 𝜋̃ so that no firm wants to be a pioneer in
the decentralized market; but at the same time (2) the planner finds it
socially optimal to explore the market. Since 𝜋̃ is between 𝜋𝐿 and 𝜋𝐻 ,
condition 1 suggests that every firm’s 𝜋 is 𝜋𝐿. The probability of this
event is 𝜓𝑁 . Then condition 2 suggests that if 𝑁(𝜋̄−(1−𝜓)(𝜋𝐻 −𝐷)) >
𝐷 − 𝜋𝐿, the planner wants to explore the market. So the probability of
missing pioneer is

𝜂 =

{

𝜓𝑁 , if 𝑁 ≥ 𝐷−𝜋𝐿
𝜓𝜋𝐿+(1−𝜓)𝐷

0 , otherwise

Does this imply that the missing pioneer is a large probability event
when N is small? Not necessarily. Even when 𝑁 is small, since the
planner also sees a smaller social benefit of exploring a new market,
it is possible that the gap between the social planner’s choice and the
decentralized market equilibrium is small as well. In other words, the
probability of market failure may be small as well. In the, current
example, 𝜂 = 0 when 𝑁 < 𝐷−𝜋𝐿

𝜓𝜋𝐿+(1−𝜓)𝐷
. On the other hand, a larger

𝑁 tends to raise the social benefit of exploring the market. This means
that the planner is more likely to want to have a pioneer. A larger 𝑁
also implies more profit draws. Since the maximum profit draw is also
more likely to be greater than 𝜋̃, the probability of a ‘‘missing pioneer’’
could be low too. In the above example, 𝜂 decays with the rate 𝜓 when
𝑁 is large. Intuitively, it may exist a range of 𝑁 which makes this kind
of market failure easy to happen. In the following analysis, we interpret
𝑁 as the size of an industry. Hence for a big country, such as China,
India, Brazil, or Indonesia, the case of ‘‘missing pioneers’’ may be a low
probability event.

We are interested at exploring some quantitative relationships be-
tween the probability of this market failure and the number of potential
exporters as well as the size of the discovery cost. In the following
paper, we take China as an example to quantify whether the ‘‘missing
pioneer’’ is a large probability event or not.

3. Estimation procedure and data

3.1. Estimation model

This section sketches the main structure of the estimation model.
More details can be found in Appendix B. Consider one broad sector
(electronics) consisting of four 4-digit HS product categories or 21 6-
digit HS product lines. The economic environment is assumed to be
characterized by monopolistic competition since the Chinese firms in
this sector face many foreign competitors in the world market.

3.1.1. Demand
We use 𝑖 to denote both an individual firm and the variety that the

firm produces. The demand for firm 𝑖’s variety in destination 𝑑 at time
𝑡 is denoted as

ln 𝑞𝑑𝑖 (𝑡) = 𝛿𝑑𝑖 (𝑡) + ln 𝑌 𝑑𝑘 (𝑡) (5)

where 𝑞𝑑𝑖 (𝑡) is the quantity of firm 𝑖’s output, ln 𝑌 𝑑𝑘 (𝑡) is an aggregate
demand shifter for product 𝑘 in destination 𝑑 and time 𝑡. Here 𝑘 denotes
a 4-digit HS code, and 𝛿𝑑𝑖 (𝑡) is a shifter that is specific to the firm’s
variety. The firm-specific term 𝛿𝑑𝑖 (𝑡) is assumed to be:

𝛿𝑑𝑖 (𝑡) = 𝜉𝑖 − 𝛼𝑑 ln 𝑝𝑑𝑖 (𝑡) + 𝜌𝐻𝑖(𝑡) + 𝑢𝑑𝑖 (𝑡) (6)

The first term, 𝜉𝑖, is a firm-specific demand component. Time invariant
firm characteristics, such as ownership, are absorbed by this com-
ponent. The second term, 𝑝𝑑𝑖 (𝑡), is the price paid by consumers in
destination 𝑑 for variety 𝑖 in period 𝑡. 𝛼𝑑 is the demand elasticity in
the destination 𝑑. 𝐻𝑖(𝑡) is an observed firm characteristic that may be
correlated with demand (such as whether the firm is processing trader
or not). The last term, 𝑢𝑑𝑖 (𝑡), is a random noise whose distribution will
be specified later.

3.1.2. Variable cost
The logarithm of the marginal cost for firm 𝑖 to produce and export

to market 𝑑 in period 𝑡 is given below:

ln 𝑐𝑑𝑖 (𝑡) = 𝛾𝑑𝑘 (𝑡) + 𝜅𝑊𝑖 (𝑡) + 𝜔𝑖 + 𝑣𝑑𝑖 (𝑡) (7)

𝛾𝑑𝑘 (𝑡) is a product–destination–year specific cost shifter. 𝑊𝑖 (𝑡) represents
a set of observable components that affect a firm’s marginal cost. An ex-
ample of the observable component is the local wage in the city where
the firm is located. Another example is whether a firm is a processing
exporter or not; a processing exporter can enjoy tariff exemption on
imported inputs and may therefore enjoy a cost advantage over normal
exporters. 𝜅 is the coefficient of 𝑊𝑖 (𝑡).

The last two terms are meant to capture two different aspects
of a firm’s productivity. While 𝜔𝑖 is a permanent or time invariant
component. Time in-varying firm characteristics, such as ownership,
are absorbed by 𝜔𝑖. 𝑣𝑑𝑖 (𝑡) is a transitory or noise term.

Between the demand and the cost functions, there are four random
variables. We assume 𝜔𝑖 and 𝜉𝑖 are observed by the firm but not by
the researcher. 𝑣𝑑𝑖 (𝑡) and 𝑢𝑑𝑖 (𝑡) are noise shocks realized after the firm
has made the decisions about production and exports. We assume that
𝑢𝑑𝑖 (𝑡) and 𝑣𝑑𝑖 (𝑡) follow an i.i.d. joint normal distribution with mean 0
and variance–covariance matrix 𝛴.

Since this is a monopolistically competitive industry, a profit-
maximizing firm facing the demand in Eq. (6) will charge a price of

ln 𝑝𝑑𝑖 (𝑡) = ln
(

𝛼𝑑

𝛼𝑑 − 1

)

+ 𝛾𝑑𝑘 (𝑡) + 𝜅𝑊𝑖 (𝑡) + 𝜔𝑖 + 𝑣𝑑𝑖 (𝑡) (8)

where 𝛼𝑑

𝛼𝑑−1 is a constant markup.
We will use the unit export value as a proxy for the price charged by

a firm. The pricing equation contains a set of destination, product, and
period effects, 𝛾𝑑𝑘 (𝑡), a firm-specific cost term 𝑊𝑖 (𝑡), and an unobserved
productivity shock term 𝜔𝑖. The markup term depends on price elastic-
ity 𝛼𝑑 which varies by destination. The noise term, 𝑣𝑑𝑖 (𝑡), can capture,
among other things, measurement errors in the price term.
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Fig. 1. Timing.

3.1.3. The firm’s problem
We introduce the firm’s problem in two steps. First, consider a

period 𝑡 ≥ 1, which suggests the market has been opened in 𝑡. For
a given destination and a given time period, a firm draws an entry
cost 𝜙𝑑𝑖 (𝑡) from a normal distribution 𝐺𝑑 .8 We assume parameters of
𝐺𝑑 (mean and standard deviation) are destination specific. Based on
this information, the firm chooses to export or not. Transitory shocks
𝑢𝑑𝑖 (𝑡) and 𝑣𝑑𝑖 (𝑡) will be realized after 𝑖 makes the export decision. Fig. 1
shows the timing of the firm problem. Let 𝜋𝑑𝑖 (𝑡) denote the expected
one-period profit before paying the entry cost as

𝜋𝑑𝑖 (𝑡) = 𝐸𝑢,𝑣
[

𝑠𝑑𝑖 (𝑡)
(

𝑝𝑑𝑖 (𝑡) − 𝑐𝑖 (𝑡)
)]

(9)

In the period 𝑡, the net export profit after paying the entry cost is
𝜋𝑑𝑖 (𝑡) −𝜙

𝑑
𝑖 (𝑡). If the firm draws the entry cost low enough, the firm will

export otherwise it will exit from the market. We denote this cutoff as
𝜙̄𝑑𝑖 (𝑡).

The firm state variables which characterize 𝜋𝑑𝑖 (𝑡) include (i) ob-
served firm-specific demand/cost shifters 𝐻𝑖(𝑡),𝑊𝑖(𝑡); (ii) unobserved
firm-specific demand/productivity components 𝜔𝑖, 𝜉𝑖; and (iii)
destination–product demand/cost shifters 𝑌 𝑑𝑘 (𝑡) , 𝛾𝑑𝑘 (𝑡). We assume all
of them are perfectly foreseen. The random draw of 𝜙𝑑𝑖 (𝑡) determines
the entry/exit on the export market for period 𝑡 ≥ 1.

We then switch to the period 0 when the market is still unexplored.
If the firm chooses to be the pioneer, it needs to pay a discovery cost 𝐷𝑑

that varies by destination (on top of a random generic entry cost that
needs to be paid by any exporter in any market and period). However,
if it chooses to wait, it may either become a follower if another firm
chooses to be the pioneer or the market may remain unexplored in
the next period. The key is that to be a follower, the firm can save
discovery cost as a free rider but lost the initial period profit. As shown
in Appendix B.1, the optimization of the firm problem is a cutoff rule:
when the firm draws the entry cost in period 0 lower than 𝜙̃𝑑𝑖 , the firm
chooses to be a pioneer otherwise it chooses to wait.

Let 𝑥 denote the probability that at least one firm chooses to become
the pioneer and 𝐸0 be the set of all potential entrants, then

𝑥 = Pr
(

min
𝑖∈𝐸0

𝜙𝑑𝑖 (0) − 𝜙̃
𝑑
𝑖 < 0

)

3.1.4. From the social planner’s problem to market failure
The setup of the planner problem is similar as Section 2. By choosing

whether to ask a firm to enter the market, the planner maximizes the
total value of all firms.9

Let 𝐽𝑃 be the social value when the planner assigns a firm to be a
pioneer in the first period, and 𝐽𝑊 be the social value when the planner
decides not to have a pioneer in the first period. The probability of
‘‘missing pioneers’’ can be formally defined as

𝜂 = Pr
[

min
𝑖∈𝐸0

𝜙𝑑𝑖 (0) − 𝜙̃
𝑑
𝑖 > 0, 𝐽𝑃 > 𝐽𝑊

]

(10)

In other words, given individual state variables such as demand
shocks, productivity shocks and random entry costs for each firm, the
market failure of a missing pioneer is an event in which no firm wants
to be a pioneer in the decentralized market but the planner would want

8 Although we call 𝜙 an entry cost, it can take a negative value (e.g., from
an export subsidy).

9 The details of the planner’s problem is in Appendix B.

to have a pioneer. The probability of the market failure will depend on
the values of the structural parameters. We now use the Chinese data
to quantify the likelihood of the market failure.

3.2. Data and identification of pioneers and followers

We have monthly firm–product–destination level export data from
the Chinese customs covering the 84 months from January 2000 to
December 2006. We also have annual product–destination level export
data for China from the UN Comtrade database for a much longer time
period.

We focus on the Chinese exporters in a set of sectors broadly related
to electronics(HS852).10 It includes four 4-digit products (HS8525-
8528) or 21 6-digit products. Key features of these four products are
reported in Appendix D.

We call a product–destination pair a market. Based on UN Comtrade
data (available at the bilateral product level), we first identify a set
of markets to which China did not export during 1996–1999 but did
during 2000–2002.11 We then use the Chinese customs data from 2000–
2006 to identify, for each of the newly explored market, who the first
exporter is, who the followers are, and how their sales and prices (unit
values) evolve. In other words, we identify all the export pioneering
activities during 2000–2002 and trace the dynamics of both the pio-
neers and the followers during 2000–2006.12 However, if we work on
4-digit HS codes to define the new markets, the pioneer behavior is very
rare since we only have 880 total markets (4 products x 220 countries).
Thus to increase the observation of the pioneer activities, we identify
the new market within 6-digit HS code product–country pairs.

A firm is defined as a pioneer if it is the very first Chinese exporter
of a particular product to a particular destination. All subsequent
entrants (for the same product–destination pair) are followers. While
it is possible to have more than one pioneer firm for a given product–
destination pair, it is extremely rare in practice. We find that in 97%
of all the newly explored markets during 2000–2002, there is a single
pioneer firm; in the remaining 3% of the cases, there are two pioneers.
There is never a case with more than two pioneers. Therefore, for
practical purposes, it is reasonable to assume a single pioneer.

Importantly, when a product is not exported to a particular desti-
nation, some other products are often still exported to this destination.
It is relatively uncommon to have a destination in which no product is
exported. This feature of the data is important in our ability to identify
discovery cost parameters and other parameters.

10 They constitute one of the largest export sectors in China. As there are
a large number of firms in these sectors, we can see enough variations in
pioneer decisions across markets. As important, many other Chinese sectors
face accusations of government subsidies or ‘‘dumping’’. If there is pioneering
activity in the other sectors, we cannot rule out the role of subsidy. However,
in searching over foreign cases filed against Chinese subsidies or dumping in
the sample years, we do not find such cases in the broad electronics sector.
This makes electronics especially suitable for our purpose.

11 By our procedure, we have bypassed a reclassification of HS codes from
1995 to 1996.

12 As a robustness check, we have also performed an exercise in which we
restrict the pioneering activities to newly explored markets during 2000–2001
(i.e., before China joined the WTO). The main results are similar.
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Fig. 2. ln(Sales) of pioneers and followers.

3.3. Estimation procedure and identification

In the data, for each firm 𝑖, we observe a sequence of demand/cost
shifters 𝐻𝑖(𝑡),𝑊𝑖(𝑡), and a sequence of participation choices 𝐼𝑑𝑖 (𝑡). When
a firm exports, we observe its unit export value, 𝑝𝑑𝑖 (𝑡), and export
sales 𝑠𝑑𝑖 (𝑡). Of all the firms that export to a particular market, we can
easily tell which one is the pioneer and which ones are the followers.
Our empirical model consists of four structural equations: a demand
equation (6), a pricing equation (8), an export decision rule 𝜙𝑑𝑖 and a
pioneer decision rule 𝜙𝑑𝑖 .

Our estimation strategy can be divided into two steps.13 Intuitively,
we first jointly estimate the demand equation (6) and the pricing
equation (8) using data on an individual firm’s prices and quantities.
To handle the classical endogeneity issue, we use the average price
of the same product by different firms in different destinations as the
instrument of the 𝑝𝑑𝑖 (𝑡) in the demand equation, such as Hausman et al.
(1997). The idea behind this identification is that the average price of
the other producers of the same product in other destinations correlates
with 𝑝𝑑𝑖 (𝑡) through the cost shifter rather than through the demand
shifter. We can the back out the expected one period profit 𝜋𝑑𝑖 (𝑡) for
each firm.

Second, conditional on a set of demand and cost parameters, we
estimate the distribution of the random entry cost 𝐺𝑑 and the dis-
covery cost 𝐷𝑑 from the MLE to match the entry and exit patterns
given the profit estimated above. To provide more information about
our identification, we draw the annual sales (in log) of pioneers and
followers in Fig. 2. We can see that the annual sales of pioneers (with
a mean around 0.73 million USD) are higher than followers (with a
mean around 0.53 million USD). As we show in Section 2, since the
discovery cost imposes a selection, pioneers are more profitable than
followers. The sales difference between pioneers and followers will help
us to identify the discovery cost.

To reduce the computational burden, we cluster all countries into 6
destination regions according to their geographical and socioeconomic
features: (i) the Western Hemisphere, (ii) Former Soviet Republics
(FSR), (iii) Europe (excluding FSR countries), (iv) Japan, Korea, Aus-
tralia, New Zealand, (v) Rest of Asia, and (vi) Africa. We assume that
all countries within the same region share the same coefficients. We list
all the parameters to be estimated in Appendix C.

13 Details of the estimation procedure are explained in Appendix C.

What happens if there are zero exports from China in certain
product–destination pairs? How do we estimate the size of the discov-
ery costs in such markets? Our identification relies on a combination
of assumed economic structure and data features. In terms of the
economic structure, the discovery costs are allowed to vary by region,
but assumed to be the same within a given region. If some countries in
a region receive exports of some products, the discovery cost for that
region can be estimated. In the actual data, while many products are
not exported to many countries, there are always some exports of some
products to some countries in every region. This helps us to estimate
the discovery costs for all regions. Such features of the data, together
with the assumptions on the structures of demand and cost, allow us
to uncover all the parameters in the demand and cost functions in all
markets.

4. Empirical results

In this section, we apply the structural model to our sample.

4.1. Demand equation estimate

Table 1 reports the estimates of the demand equation parameters
(Eq. (6)). Standard errors are reported in the brackets. The first six
rows report the price elasticities 𝛼𝑑 . For example, the price elasticity
in Western Hemisphere is −3.085, indicating that an increase in price
by one percent is associated with a decline in export sales by 3.085%;
the result is statistically significant. Moreover, we find that the demand
elasticities across destinations are similar. All of them are around −3.

In the demand equation estimation, we control one observed firm
characteristic: whether the firm involves in the processing trade or not.
The result suggests that the processing trade firm has a significantly
higher demand.

4.2. Pricing equation estimates

The first column of Table 2 reports parameter estimates of the
pricing equation (Eq. (8)). We control for two observed firm char-
acteristics: the processing exporter status and the log of city-level
annual wage per worker. The coefficient on processing exporters is
negative and statistically insignificant. As processing exporters enjoy
tariff exemption on imported inputs, their lower marginal cost likely
reflects this cost advantage. The coefficient on the local wage is around
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Table 1
Estimates for the demand equation.

Point-est Std

Price elasticity—Western hemisphere −3.085*** (0.425)
Price elasticity—Former Soviet Republics −3.068*** (0.387)
Price elasticity—Rest of Europe −3.160*** (0.435)
Price elasticity—JPN/KOR/AUS/NZL −3.096*** (0.465)
Price elasticity—Rest of Asia −3.250*** (0.452)
Price elasticity—Africa −3.452*** (0.430)
Processing trade status 2.331*** (0.344)

Firm FE Y
Destination–product–year FE Y

Obs. 3883
R-sq 0.87

Notes: This table reports the estimation results of Eq. (6). The dependent variable is
the ln(sales)-ln(price). Standard errors are reported in the parenthesis and clustered at
product, destination, year level. *** p<0.01, ** p<0.05, * p<0.1.

Table 2
Estimates for the pricing equation.

(1) (2)

Processing trade status −0.052 (0.103) −0.038 (0.103)
ln(wage) 0.325* (0.171) 0.312* (0.169)
ln(Own Export-Dif Des) −0.005 (0.009)
ln(Other Export-Same Des) −0.009*** (0.003)

Firm FE Y Y
Destination–product–year FE Y Y

Obs. 3883 3883
R-sq 0.91 0.91

Notes: This table reports the estimation results of Eq. (8). The dependent variable is
the ln(price). ‘‘Own Export-Dif Des’’ is the export value of the same firm in different
destinations. ‘‘Other Export-Same Des’’ is the export value of other firms in the same
destination. Standard errors are reported in the parenthesis and clustered at product,
destination, year level. *** p<0.01, ** p<0.05, * p<0.1.

0.325 and statistically significant. It suggests that the high wage will
increase the marginal cost and hence the price.

In most of our analysis, we assume followers can only benefit from a
pioneer firm’s action in the same destination by reducing the discovery
cost. However, we may think that the firm’s marginal export cost may
also benefit from the actions of other firms or even their own prior
actions. In the second column of Table 2, we allow for two more cost-
saving channels. The first is a firm’s own export value to different
destinations in period 𝑡−1, which captures possible knowledge spillover
from one’s own exports. Albornoz et al. (2012) explore this idea. The
second is other firms’ total exports to the same destination in period 𝑡−
1, which captures knowledge spillover from other firms on the marginal
cost.14 From the results we can see that other firms’ previous export
experience in the same destination can reduce the firm’s marginal cost
significantly. If the previous year’s other firms’ export value increase
by 1%, the marginal cost would reduce by 0.009%. However, the firm’s
own export experience to other destinations does not have a significant
impact.

4.3. Parameters for the permanent and transitory shocks

There are four random variables in the demand and pricing equa-
tions. First, a permanent firm-specific demand shock, 𝜉𝑖, in the demand
equation, and a permanent firm-specific productivity draw, 𝜔𝑖, in the
marginal cost function. Second, a transitory demand shock, 𝑢𝑑𝑖 (𝑡), in
the demand equation, and a transitory productivity shock, 𝑣𝑑𝑖 (𝑡), in the
marginal cost function. We assume 𝑢𝑑𝑖 (𝑡) and 𝑣𝑑𝑖 (𝑡) are jointly normally
distributed.

14 Fernandes and Tang (2014) study this kind of spillover effects.

Table 3
Estimates for the permanent and transitory shocks.

A: Permanent shock

Mean Std

𝜉 −0.011 1.202
𝜔 −0.087 1.211

B: Transitory Shock

u – 2.594
v – 0.707
cor(u,v) −0.736***

(0.000)

Notes: This table reports the summary statistics of the permanent and transitory shocks.
For the co-variance between u and v, the standard error is reported in the parenthesis.
*** p<0.01, ** p<0.05, * p<0.1.

Table 4
Estimates for the export cost.

Point-est Std

Mean—Western hemisphere 0.378*** (0.025)
Mean—Former Soviet Republics 1.093*** (0.205)
Mean—Rest of Europe 0.410*** (0.032)
Mean—JPN/KOR/AUS/NZL 0.506*** (0.095)
Mean—Rest of Asia 0.202*** (0.015)
Mean—Africa 3.317*** (0.960)

Std—Western hemisphere 0.145*** (0.009)
Std—Former Soviet Republics 0.411*** (0.074)
Std—Rest of Europe 0.174*** (0.013)
Std—JPN/KOR/AUS/NZL 0.218*** (0.038)
Std—Rest of Asia 0.078*** (0.006)
Std—Africa 1.163*** (0.330)

Notes: This table reports the estimation results of the parameters in the export cost
distribution. The unit of the export cost is in million USD. Standard errors are reported
in the parenthesis. *** p<0.01, ** p<0.05, * p<0.1.

Panel A of Table 3 reports the summary statistics of the 𝜉𝑖 and 𝜔𝑖.
We note that the standard deviation for the permanent demand shock
(1.202) is similar when comparing to the dispersion of the permanent
productivity shock (1.211).

Panel B of Table 3 reports the co-variance matrix of 𝑢𝑑𝑖 (𝑡) and 𝑣𝑑𝑖 (𝑡).
First, we can see that the demand shock is much more dispersed than
the productivity shock. This pattern is consistent with the findings
reported in Aw et al. (2011) for Taiwanese footwear exporters. Second,
𝑢𝑑𝑖 (𝑡) and 𝑣𝑑𝑖 (𝑡) are significantly negatively correlated.

4.4. Export cost and discovery cost

We assume that the discount factor 𝛽 = 0.9. Following Xu (2017)
and Lee and Xu (2018), we also assume that the firm would die with
an exogenous probability 0.1 annually.15 So that the firm discounts the
future profits by 0.8 effectively. Given the estimates of the demand
and pricing equations, we evaluate the expected value of exporting
or exploring a market.16 Then the export cost and the discovery cost
are identified from a MLE procedure to match the observed firms’
entry/exit decisions.17

The export costs are assumed to be a random variable that follows a
normal distribution with region specific parameters. Thus for each re-
gion, we have two parameters (mean and standard deviation). The first
6 rows of Table 4 report the estimates of the mean by region, together
with associated standard errors. The next 6 rows report the estimates

15 In our model, a firm exits from an export market either because it draws
a non-favorable export cost or because it dies exogenously.

16 In our benchmark analysis, we use parameters from the first columns of
Table 2. However, in the robustness analysis, we utilize other columns as well.

17 The model fit is good. The likelihood ratio is around 3,404 and significant
at 1% level.
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Fig. 3. Probability of market failure.

Table 5
Estimates for the discovery costs.

Point-est Std 𝐷
𝜙

Discovery cost—Western hemisphere 1.854*** (0.293) 4.904
Discovery cost—Former Soviet Republics 1.929*** (0.298) 1.764
Discovery cost—Rest of Europe 1.398*** (0.296) 3.410
Discovery cost—JPN/KOR/AUS/NZL 1.134*** (0.281) 2.243
Discovery cost—Rest of Asia 1.781*** (0.298) 8.812
Discovery cost—Africa 2.301*** (0.295) 0.694

Notes: This table reports the estimation results of the discovery cost. The unit of the
discovery cost is in million USD. Standard errors are reported in the parenthesis. The
last column reports the ratio of discovery cost to export cost. *** p<0.01, ** p<0.05,
* p<0.1.

of the standard deviation by region, together with the standard errors.
As we can see, across all regions, the mean export costs range from
$0.202 million to $3.317 million. The lowest export cost is the Rest of
Asia ($0.202 million), which may be because its distance to China is
close. While the highest export cost shows in the Africa region ($3.317
million). This reflects the data feature that the exit behavior is very
common in the Africa.

The discovery cost is assumed to vary across regions. Table 5
presents the estimates. The discovery cost ranges from $1.134 million
to $2.301 million and all of them are significant. In the last column,
we report the relative ratio between discovery cost and the export
cost by region. On average, the discovery cost is about 3 years export
cost. However, the ratio is quite different across regions. Africa has the
lowest ratio (0.694). This may reflect the pattern that Africa has lots
of pioneer activities but the exit decision after exploring the market is
quite common as well. The Asia region has the highest ratio (8.812),
suggesting that the pioneering activity is rare.

Notice that we do not impose the discovery cost must be positive in
the estimation, while allow the data to tell us the sign of the discovery
cost. Hence our finding of positive discovery costs also implies the
action of the first exporter is a public good existence of a public good—
it reduces the total entry cost by all follower firms. In this sense, we
confirm the findings in Freund and Pierola (2010) and Artopoulos et al.
(2013) that positive spillover exists. As we show below, however, the
existence of public good does not automatically lead to market failure.

5. Market failure in a decentralized economy

As we have stated earlier, the missing pioneer problem occurs if and
only if two inequalities are satisfied simultaneously. First, the discovery

cost for entering a new market has to be smaller than the sum of the
expected profits of all potential exporters in that market. Otherwise,
even a social planner would not want to pay the discovery cost to
explore the new market. Second, the discovery cost has to be greater
than the expected profit of any individual firm. Otherwise, some firm
will find it profitable to unilaterally pay the discovery cost in spite of
its inability to capture all the value of the discovery, and the knowledge
spillover will take place anyway.

5.1. Probability of market failure

To start with, we note an important role played by the number
of potential exporters (which is a measure of the size of a country-
sector). Even without doing any estimation, we may conjecture that
the relationship between the probability of ‘‘missing pioneers’’ and
the number of potential exporters should resemble an inverse V. At
one extreme, if there is only one firm, it is clear that there is no
market failure because the social planner’s and the individual firm’s
optimization problems coincide (hence 𝜂 = 0 ). At the other extreme, if
the number of firms is infinite and the distributions for the permanent
productivity and the demand shock are not bounded on the right, which
are satisfied if productivity distribution or demand shock distribution
is normal, log normal, or Pareto, then some firm is bound to get a
productivity draw so high (or a demand draw so favorable) that it wants
to be a pioneer anyway even if its action benefits other firms. Therefore,
the probability of ‘‘missing pioneers’’ is likely to be higher only for
some intermediate values of the number of potential exporters. This
is the limit of our intuition. How fast does the probability of ‘‘missing
pioneers’’ increase when the number of firms increases? Where does the
probability peak? How fast would the probability decline after it peaks?
We will now use estimated structural parameters and simulations to
answer these questions.18

For any particular value for the number of potential exporters in
𝐸0, we randomly draw permanent productivity and demand shocks
and the fixed entry costs from the estimated distributions of these
variables. Based on the realization of the shock, we can determine if
the missing pioneer problem arises or not. For 10 000 random draws,
we can compute the probability of market failure 𝜂 for that particular
number of potential exporters 𝐸0. We trace out the probability of
missing pioneers in Fig. 3 by varying 𝐸0 from 1 to 200.

In Fig. 3, we plot three lines. A dotted line traces out the probability
that no firm wants to be a pioneer as a function of the number of
potential exporters. This is a declining function because, as the number
of firms increases, it becomes increasingly likely that some firm will
get a very lucky draw so that it would want to be a pioneer. A dashed
line denotes the probability that the social planner prefers to have a
pioneer. This probability rises with the number of firms because the
sum of the expected profits across firms from successfully exporting to a
new destination – something that the social planner cares about – tends
to rise with the number of exporters. Finally, a solid line represents the
probability of missing pioneers (i.e., when the social planner wishes
to have an export pioneer yet no individual firm wants to be one).
Logically, the probability of ‘‘missing pioneers’’ should be lower than
the smaller of the first two probabilities. Because ‘‘no firm wants to
be a pioneer’’ and ‘‘the planner wants a pioneer’’ are not independent
events, the probability of ‘‘missing pioneers’’ can be lower than the
lower envelope of either the dashed line or the dotted line.

Interestingly, we find that one cannot make a blanket statement
about this type of market failure. The probability of missing pioneers
depends on the size of a country-sector (or the number of potential
exporters to be precise). This type of market failure can be a serious
problem for a small country-sector, with a peak probability of missing
pioneers around 38% when the number of potential exporters is about

18 We explain how we solve the planner problem in Appendix C.
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Fig. 4. Varying discovery cost.

Fig. 5. Additional learning channels.

20.19 On the other hand, since the mean and median numbers of actual
exporters are 394 and 295 for a product in our Chinese example, and
the potential number of exporters is likely to be greater than the actual
number, the probability of missing pioneers is close to zero for a large
country.20

19 We identify pioneers for each HS 6-digit product. If we instead do it
for 4-digit product, missing pioneers would become less likely. The reason
is intuitive: whenever a pioneer appears for a 6-digit product, there will be
no missing pioneer not only for that 6-digit product, but also for the entire
4-digit product category. Some 6-digit products that used to be characterized
by missing pioneers would be re-classified as no missing pioneers as long as a
pioneer has occurred for another 6-digit product in the same 4-digit category.
In other words, broadening the definition of a product would strengthen our
argument that the market failure of missing pioneers is not as economically
important as what the Hausmann–Rodrik hypothesis implies.

20 One may wonder whether our result is robust for a sector with fewer
pioneers. In Appendix E, we re-estimated our model using only data from sub-
sectors HS8525 and HS8526, the two sub-sectors that have the least number
of exporters. We find that the broad conclusions are similar to our baseline
estimation.

5.2. Extensions and robustness checks

We conduct several extensions in this section, focusing on the
sensitivity of the results on missing pioneers in a new destination
market.21

5.2.1. Varying the size of the discovery cost
If we decrease or increase the discovery cost, how much the market

failure will change? We now vary the size of the discovery cost to see
how it changes the probability of missing pioneers.

In Fig. 4, we plot the probability of missing pioneers corresponding
to three different values of discovery cost (1.2 times the baseline
estimates, and 0.8 times the baseline estimates, respectively), while
keeping all other parameters at the values of their baseline estimates.
When the discovery cost increases, the probability of missing pioneers
increases since firms are more reluctant to pay the cost. We find that
when the discovery cost increases about 20%, the peak value of missing
pioneer probability increases by around 10% (dashed line). Similarly,
when the discovery cost decreases, the probability of missing pioneers
decreases. In our current exercise, the peak value decreases by 8% when
the discovery cost declines by 20% (dotted line). When the discovery
cost increases, the event of lacking pioneers becomes more likely to
happen in both the decentralized economy and the planner economy.
Our calculation suggests that given the parameters estimated from
Chinese electronics sector, the first effect dominates. Hence the market
failure increases when we increase the discovery cost.

5.2.2. Additional knowledge spillover
In the benchmark case, we assume followers can only benefit from

a pioneer firm’s action in the same destination pair by reducing the
discovery cost. In this subsection, we broaden the set of channels in
which a firm can benefit from the actions of other firms or their own
prior activities. In particular, inspired by the results in second column
of Table 2, we allow firm’s own export experience and other firm’s
export experience to alter the marginal export cost.22

Using the expanded set of structural parameters, we re-compute
the probabilities of market failures and present it in Fig. 5. Compared
to the baseline case, we find that the probability of missing pioneers
has now dramatically declined for smaller country sectors, with the
peak probability now around 11% (as opposed to 38% in the baseline
case). The change in the probability of market failure is consistent with
the intuition that, by reducing the marginal cost (and increasing the
expected profit from exporting), the additional learning channels make
it more likely for firms to want to be a pioneer.

5.2.3. Separating first-time entry costs from generic entry costs
In our baseline setup, an exporting firm faces two fixed costs of

entry: a discovery cost that is paid for only by a pioneer, and a generic
fixed entry cost that needs to be paid for by every exporting firm. It
is possible that there is a third type of entry cost, one that is paid for
by an exporter the first time it enters a new market whether or not it
is a pioneer. In other words, if a market is new to a firm even if it is
not new to the exporting country, the firm may have to pay a cost on
top of the generic entry cost.23 Without considering this third type of

21 The analysis has mainly focused on missing pioneers in discovering new
markets when firms export existing products to new destinations. A different
type of discovery involves firms exporting brand new products to the world
market. In Appendix F, we explore the likelihood of ‘‘missing pioneers’’ in this
type of activity, and find that the country size is still an important factor.

22 Other learning channels may also shift demand curves. However, for the
entry/exit decision, only profits matter. So we do not distinguish between
whether other learning channels affect the demand side or the production side.

23 For instance, an example of the discovery cost may be the cost to find
whether certain market requires special certification for exports. This cost is
paid only by pioneers. The generic one-time fixed entry cost could be the actual
cost to get this certificate. It needs to be paid by all firms in their first export.
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Fig. 6. Separating first-time entry costs.

Fig. 7. Probability of market failure in Southeast Coastal Provinces.

cost, we may bias the estimation of the discovery cost. Thus we extend
our benchmark model to allow for this possibility. We assume this third
type of entry cost, denoted by 𝐹 𝑑 , only depends on destinations. The
identification of 𝐹 𝑑 comes from the difference of sales and survival
rates between new and old followers.

Fig. 6 plots the probability of missing pioneers in this case. As we
can see, the peak probability of missing pioneers (about 30%) is lower
than the corresponding number in the baseline case. Otherwise, this
generalization does not materially alter our inference. In particular, the
probability of missing pioneers is low for large country-sectors though
it can be higher for smaller ones.

5.2.4. Knowledge spillovers within regions
In the baseline case, we assume that the knowledge from an export

pioneer can spill over to all firms in the same sector in China. Since
China is geographically large, one may wonder what happens to the
probability of market failure if the knowledge can only spill over
to firms in a smaller geographic region. Our baseline results suggest
that the market failure can become more likely as the country size
shrinks. We can investigate this idea in another way by restricting the
geographic area for knowledge spillover.

We perform an exercise in which the sample is restricted to the
coastal areas of China (i.e., five coastal provinces of Zhejiang, Jiangshu,
Shanghai, Fujian, and Guandong). The model is re-estimated on this
smaller sample. Fig. 7 reports the result. As we can see, the probability
of missing pioneers is indeed (moderately) higher relative to the bench-
mark case. Still, when the number of potential entrants exceeds 100,
the probability of market failure is lower than 10%. Therefore, we still
conclude that socially inefficient missing pioneers is a low probability
event.

6. Concluding remarks

The paper aims to assess the empirical plausibility of a highly
cited hypothesis in the international trade literature, namely export
pioneering activities are prone to market failure. Existing empirical
papers tend to focus on documenting that the action of the first exporter
has public good features and then often jump to the conclusion that
a market failure exists and some government intervention is needed.
However, for market failure to occur, one has to evaluate whether two
inequalities specified in this paper hold simultaneously. No existing
paper in the literature has adopted this approach.

We propose a structural framework to estimate the relevant parame-
ters. We provide supportive evidence that the action of the first exporter
has public good features. Nonetheless, we find that the problem of
‘‘missing pioneers’’ is a low probability event for large or medium-
sized country-sectors. This conclusion appears robust in a number of
extensions and checks we have examined.

For international trade, there are two contributions from the paper:
(a) a new framework to assess two types of market failure in export
pioneering activities, and (b) an application to the Chinese data. The
framework can in principle be applied to firm–product–destination–
time data from other countries. Such applications could allow one to
develop more insight about how country characteristics may affect
probability of market failure.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Appendix A. Supplementary data

Supplementary material related to this article can be found online
at https://doi.org/10.1016/j.jdeveco.2021.102705.

References

Abbring, J.H., Campbell, J.R., 2003. A Structural Empirical Model of Firm Growth,
Learning, and Survival. Technical report, National Bureau of Economic Research.

Albornoz, F., Calvo Pardo, H.F., Corcos, G., Ornelas, E., 2012. Sequential exporting. J.
Int. Econ. 88 (1), 17–31.

Alvarez, R., Faruq, H., López, R.A., 2013. Is previous export experience important for
new exports?. J. Dev. Stud. 49 (3), 426–441.

Amsden, A.H., 1992. Asia’s Next Giant: South Korea and Late Industrialization. Oxford
University Press, New York and Oxford.

Arkolakis, C., Papageorgiou, T., Timoshenko, O.A., 2018. Firm learning and growth.
Rev. Econ. Dyn. 27, 146–168.

Artopoulos, A., Friel, D., Hallak, J.C., 2013. Export emergence of differentiated goods
from developing countries: Export pioneers and business practices in argentina. J.
Dev. Econ. 105, 19–35.

Aw, B.Y., Roberts, M.J., Xu, D.Y., 2011. R & d investment, exporting, and productivity
dynamics. Amer. Econ. Rev. 101 (4), 1312–1344.

Casella, A., Rauch, J.E., 2003. Overcoming informational barriers to international
resource allocation: Prices and ties. Econ. J. 113 (484), 21–42.

Dickstein, M.J., Morales, E., 2018. What do exporters know?. Q. J. Econ. 133 (4),
1753–1801.

Ferguson, S., Forslid, R., 2013. Sizing up the uneven impact of embassies on exports.
In: European Trade Study Group, Fifteenth Annual Conference. Working Paper,
University of Birmingham, Birmingham.

https://doi.org/10.1016/j.jdeveco.2021.102705
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb1
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb1
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb1
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb2
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb2
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb2
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb3
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb3
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb3
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb4
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb4
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb4
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb5
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb5
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb5
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb6
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb6
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb6
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb6
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb6
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb7
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb7
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb7
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb8
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb8
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb8
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb9
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb9
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb9
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb10
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb10
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb10
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb10
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb10


Journal of Development Economics 152 (2021) 102705

11

S.-J. Wei et al.

Fernandes, A., Tang, H., 2014. Learning to Export from Neighbors. CESifo Working
Paper Series (4699), Center for Economic Studies Ifo Institute, Munich.

Freund, C., Pierola, M., 2010. Export Entrepreneurs: Evidence from Peru. Policy
Research Working Paper 5407, World Bank, Washington, DC.

Hausman, J.A., Pakes, A., Rosston, G.L., 1997. Valuing the effect of regulation
on new services in telecommunications. Brookings papers on economic activity.
Microeconomics 1–54.

Hausmann, R., Rodrik, D., 2003. Economic development as self-discovery. J. Dev. Econ.
72 (2), 603–633.

Hoff, K., 1997. Bayesian Learning in an infant industry model. J. Int. Econ. 43 (3–4),
409–436.

Jovanovic, B., 1982. Selection and the evolution of industry. Econometrica 649–670.
Lederman, D., Olarreaga, M., Payton, L., 2009. Export Promotion Agencies Revisited.

Policy Research Working Paper 5125, World Bank, Washington, DC.
Lee, J., Xu, J., 2018. Why Do Businesses Grow Faster in Urban Areas than in Rural

Areas?. Working Paper.
Li, S., 2018. A structural model of productivity, uncertain demand, and export

dynamics. J. Int. Econ. 115, 1–15.
Lucas, Jr., R.E., 1993. Making a miracle. Econometrica 61 (2), 251–272.
Morales, E., Sheu, G., Zahler, A., 2014. Gravity and Extended Gravity: Using Moment

Inequalities to Estimate a Model of Export Entry. Technical report, National Bureau
of Economic Research.

Moxnes, A., 2010. Are sunk costs in exporting country specific?. Canad. J. Econ./Rev.
Canad. Écon. 43 (2), 467–493.

Nitsch, V., 2007. State visits and international trade. World Econ. 30 (12), 1797–1816.
Rauch, J.E., 1996. Trade and Search: Social Capital, Sogo Shosha, and Spillovers.

NBER Working Paper (5618), National Bureau of Economic Research, Cambridge,
Massachusetts.

Rauch, J.E., 1999. Networks versus markets in international trade. J. Int. Econ. 48 (1),
7–35.

Rauch, J.E., 2001. Business and social networks in international trade. J. Econ. Lit. 39
(4), 1177–1203.

Rauch, J.E., Trindade, V., 2002. Ethnic chinese networks in international trade. Rev.
Econ. Stat. 84 (1), 116–130.

Rodrik, D., 2004. Industrial Policy for the Twenty-First Century. KSG Working Paper
No. RWP04-047, JFK School of Government, Harvard University, Cambridge,
Massachusetts.

Rose, A.K., 2007. The foreign service and foreign trade: embassies as export promotion.
World Econ. 30 (1), 22–38.

Wagner, R., Zahler, A., 2011. New Exports from Emerging Markets: Do Followers
Benefit from Pioneers?. MPRA Paper (30312), Munich Personal RePEC Archive,
Munich.

Xu, J., 2017. Growing through the merger and acquisition. J. Econom. Dynam. Control
80, 54–74.

http://refhub.elsevier.com/S0304-3878(21)00080-8/sb11
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb11
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb11
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb12
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb12
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb12
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb13
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb13
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb13
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb13
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb13
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb14
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb14
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb14
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb15
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb15
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb15
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb16
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb17
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb17
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb17
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb18
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb18
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb18
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb19
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb19
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb19
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb20
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb21
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb21
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb21
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb21
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb21
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb22
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb22
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb22
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb23
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb24
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb24
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb24
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb24
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb24
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb25
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb25
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb25
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb26
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb26
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb26
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb27
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb27
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb27
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb28
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb28
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb28
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb28
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb28
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb29
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb29
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb29
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb30
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb30
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb30
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb30
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb30
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb31
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb31
http://refhub.elsevier.com/S0304-3878(21)00080-8/sb31

	On the market failure of “missing pioneers”
	Citation


