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Abstract

Why do export sales increasingly concentrate among a few “superstars”? This paper is
the first to argue that the expansion of the Internet matters for this phenomenon. Using
firm-level customs transaction data from 11 developing countries, we show that the
spread of the internet steepens the slope of the rank-sales relationship among
exporters. This shift implies a more skewed distribution of sales toward the top
exporters. Furthermore, incumbent superstar exporters are more likely to retain their
status owing to a better Internet. Doubling internet adoption is expected to boost the
chance for the incumbent top exporter to retain its top position by 11.7%. This boost
suggests an “entrenchment” effect where the internet reduces churning at the top. For
both findings, we find some evidence that the effects are stronger for exports of
differentiated goods than for exports of homogenous goods, suggesting the role of
information friction in explaining the results. These findings suggest that the expansion
of the Internet, and the broader digitalisation process, is a contributing factor to the
increasing concentration of exports among a few “superstars”. As digitalisation
continues, macroeconomic policymakers will need to step up their monitoring of
idyosyncractic shocks related to these “superstars”. Policymakers also need to adapt
their trade and development strategy in light of the shifting competitiveness landscape
created by digitalisation. As the competition structure in the internet era favours
superstars, the focus of export-promotion strategies may need to shift from supporting
export entrepreneurship to enhancing the linkages between export superstars and
domestic suppliers.

Keywords: firm size distribution, export superstars, internet, digitalisation
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1. Introduction

Export sales in each country concentrate among a handful of “export superstars”.
Mayer and Ottaviano (2008) find that the top 1% of firms account for 32-77% of
national manufacturing exports in seven European countries. Export “superstars” such
as Samsung in Vietnam and Taiwan Province of China Semiconductor Manufacturing
Conductor (TSMC) in Taiwan Province of China also dominate the export basket and
growth in Asia. Freund and Pierola (2015) analysed custom transaction data from 32
countries to show that the top five firms account for 30% of non-oil exports. In a follow-
up study, they found that these superstars account for almost half of the export growth
as well (Freund and Pierola, 2020). After reviewing existing literature, they conclude
that the causes behind this rising export concentration remain an open question for
research.

Understanding the drivers of export concentration is critical from both academic and
policy perspectives. Recent studies demonstrate the non-negligible consequence of
these “superstars” on aggregate economic behaviour and volatility (Gabaix, 2011; Di
Giovanni, Levchenko, and Méjean, 2014), comparative advantage (Gaubert and
Itskhoki, 2021), and mark-ups (De Loecker, Eeckhout and Unger, 2020).
Consequently, it has critical implications for the ability of Asian governments to realise
SDGs by supporting a diversified and economically sustainable development pathway.
The heterogeneity of firms is also central to estimating trade elasticities and the gains
from trade (Arkolakis, Costinot and Rodriguez-Claire, 2012). In the context of COVID-
19, understanding firm concentration becomes an important policy objective to avoid
excessive exposure to idiosyncratic shocks and to avoid supply chain bottlenecks
(WTO, 2021).

This paper provides empirical evidence that the global expansion of the internet
contributes to the concentration of exports among the “superstars”. To our knowledge,
this paper is the first to explicitly assess the link between communication technologies
and export concentration in international trade. After describing the data in section 2,
sections 3 and 4 will apply panel econometric techniques to firm-level customs
registries from 11 developing countries to show that:

1) First, the spread of the internet steepens the slope of the log-log ranks-sales
relationship among exporters in each origin-destination pair. This shift implies a
more skewed distribution of export sales toward the top exporters.

2) Second, incumbent export superstars are more likely to retain their superstar
status when internet adoption increases. The main specification suggests that
doubling internet adoption would boost the chance for the incumbent top exporter
to retain its position by 22.7% and the incumbent top 5% of exporters by 11.7%.
This increase suggests an “entrenchment” effect where the internet reduces
churning at the top.



The idea that internet adoption may increase export concentration is not immediately
intuitive. Past research has often emphasised the impact of the Internet in cutting
trade costs (Freund and Weinhold 2002, 2004). These studies focus especially on
the role of the Internet in reducing the fixed cost of searching and matching between
partners. Extending this logic under a heterogeneous firm model of trade such as
Chaney (2008) would not generate changes in export sales distribution, however. On
one hand, such a reduction in fixed cost would indeed induce new entry and typically
lead to an increase in the number of exporters. On the other hand, the shape of the
Pareto distribution that describes the heterogeneity of export sales does not change
when the productivity cut-off for exporting drops.

Section 5 reconciles these findings from the lens of information frictions. Past
research in the cross-country strand often assumes that the induced cost from
frictions is already factored in the transaction as buyers and sellers agree on a
common price and quantity. In reality, firms often do not find out about the quality
(and profitability) of the match until after the trade has started, sometimes much later
when disagreement occurs. Recent research such as Allen (2014) and Steinwender
(2018) highlight the importance of informational frictions in trade that cannot be
captured as part of the fixed cost. This problem is arguably more severe in the context
of international trade and developing countries, where buyers and sellers are far away
from each other and the mechanisms for information flow and traditional marketing
are underdeveloped.

Connectivity can alter the level of competition faced by exporters by exposing each
importer to many more potential exporters. As buyers can now easily find substitutes,
demand becomes more elastic to prices — an argument dating back to Hirschman’s
first rule of derived demand. Importers are now more likely to source from sellers with
the lowest production cost. High-productivity exporters are thus better placed than
low-productivity ones to boost their sales from this heightened visibility and expand
their market share. Consequently, the expansion of the Internet is expected to
increase export concentration among the superstars.

In an extension of our empirical models, we find some evidence that the impact of the
Internet on export concentration is stronger for exports of differentiated goods than
for exports of homogenous goods. Typically, information frictions are more prevalent
for differentiated goods than for those traded on commodity trading platforms or those
with referenced prices. Consequently, the impact of internet adoption on alleviating
information frictions would be higher for differentiated goods. These results do not
refute the possibility of alternative mechanisms such as productivity, access to inputs
and organisation capital. However, our main results remain robust even when
controlling for various supply- and demand-side factors.

The paper relates to the larger literature on exporter heterogeneity. It provides a multi-
country perspective to the empirical literature that often dissects the anatomy and
distribution of bilateral export sales from a single source country such as Head et al.
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(2014) and Nigai (2017). Our findings extend the research on the sources of export
heterogeneity, which so far have largely overlooked the matching of buyers and
sellers. An exception is Bernard et al. (2022), whose findings confirm our conjecture
on the role of matching frictions in sales heterogeneity. They use firm-to-firm sales
data for Belgium to demonstrate that the number of customers accounts for 51% of
firm sale dispersion.

Last but not least, the paper adds to the growing literature on market dynamics in the
digital economy that has been documented in other fields. For example, recent
research in industrial organisation highlights the winner-takes-all feature of the digital
economy (see Tirole [2020] for a review). On innovation, Paunov et al. (2019) find
that patent applications are more concentrated in the top cities for digital-intensive
sectors than for other sectors.

2. Data
2.1 Dataon exporters

This paper draws information on a firm’s non-oil export transactions from national
customs agencies and is published in the World Bank’s Exporter Dynamic Database
(EDD) (Fernandes, Freund and Pierola, 2016). To the best of our knowledge, this
dataset is currently the largest publicly available database on firm-level export
dynamics in terms of coverage for developing countries. The public database exists in
two main variants: an aggregated dataset of firm dynamics that is available for 65
countries (EDD v1.0), and a smaller subset of firm-level microdata for 11 countries
(EDD v2.0). This paper employs the latter, EDD v2.0, dataset. In this variant, the export
sales from each firm are disaggregated by year, destination and product at the HS 6-
digit level.2 For this paper, we aggregate the data at the firm-destination-year level for
most applications.

The dataset covers a broad set of developing countries that span across geographic
regions and income brackets. These countries are Albania, Burkina Faso, Bulgaria,
Guatemala, Jordan, Mexico, Malawi, Peru, Senegal, Uruguay, and Yemen. While the
sample does not include any countries in Asia-Pacific (AP), we are not aware of robust
evidence suggesting that the dynamics of internet productivity and export
concentration in AP would differ from that found in other developing countries. Figure
1 shows that developing countries in AP had similar levels of internet penetration in
2005 and 2015 compared to other developing countries. Similarly, using aggregated
data from EDD v1.0, we find that the share of the top 1% of exports in total exports
appeared comparable between AP and elsewhere (Figure 2). This dataset includes

2 The database only concerns the universe of non-oil exports from formal firms registered by custom agencies. It
does not capture data on informal trader or unrecorded exports by formal firms, which may constitute an important
part of cross-border trade in developing country.



11 developing countries in AP and 42 developing countries in other regions.® These
two empirical regularities suggest that the findings from other regions are likely to also
play out in AP countries. Furthermore, the geographic coverage includes both low-
income countries as well as middle-income countries. We also have both coastal and
landlocked countries. Despite variation across countries, the dataset mostly covers
the late 2000s period.

Figure 1: Internet adoption level in developing countries
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Figure 2: Share of export superstars in total export in developing countries
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3 These 11 developing countries in AP are Bangladesh, Cambodia, Georgia, Kyrgyz Republic, Lao PDR, Myanmar,
Nepal, Pakistan, Sri Lanka, Thailand, and Timor-Leste.

4



2.2 Dataon Internet use

We use the percentage of internet users among the adult population for each country
to proxy for firms’ use of the internet to search for partners. We source this data from
the World Bank’s World Development Indicators database. Internet adoption is among
the most used measure to capture the impact of internet on international trade in the
literature (such as Freund and Weinhold 2002, 2004; Hjort and Poulsen 2019).

Focusing on foundational technology like internet connectivity helps us capture the
systemic impact of digitalisation on trade. Gonzalez and Jouanjean (2017) argue that
digital trade encompasses more than the trade in ICT goods and services but also
trade enabled through growing digital connectivity. Underlying this whole systemic
impact is the seamless flow of information and data, facilitated through internet
connection. This could range from trade facilitated through e-commerce platforms to
new trade relationships formed through cheap internet communication. However, as
investment in internet infrastructure and the adoption of internet use are often
endogenous to the development process, the impact of internet adoption may be
confounded with other factors (that also affect trade patterns) such as household
income and education level. Consequently, the paper uses a variety of panel
econometric techniques to address these concerns such as fixed effects and
instrumental variables.

During the studied period, the share of internet users globally increased six-fold from
7% in 2000 to 43% in 2015, according to the data from the International
Telecommunication Union. Internet use in developing countries during this period
mostly pertains to basic internet applications such as e-mail, low-cost internet-enabled
voice calls and websites.

Unlike past cross-country literature which often treated internet measures of origin and
destination countries separately, we argue that the utility of connectivity for cross-
border trade depends on the internet usage of both origin and destination countries.
The flow of information depends on the ability of both buyers and sellers to codify
information (e.g. creating a website, digitising product specifications and listing) and
process information (e.g. using internet search, navigating platform). At the same time,
internet use is more likely to be driven by internet adoption in the weakest node of the
supply chain. In other words, improvement in online communication between the U.S.
and Malawi is more likely to be driven by improvements in internet use in Malawi,
where only 14% of the population has access to the internet, rather than changes in
internet use in the U.S., where over 86% of the population use the internet.

Following Gonzaléz and Ferencz (2018), we define our main variable, the bilateral
internet adoption rate, as the pairwise minimum of internet usage for each pair of origin
country i and destination country j in year t:

Internetiit = min {Internet i, Internet j}



3. Internet and distribution of exporter sales

3.1 Hypothesis

This section evaluates if internet adoption leads to more export concentration in each
country pair. This empirical exercise faces three important considerations: (i) which
distribution to approximate sales; (ii) which method to estimate such distribution; and
(iif) how to account for firm-specific characteristics.

First, our focus on export superstars lends itself to a Pareto-type distribution. In the
canonical firm-heterogeneity models following Melitz (2003) and Chaney (2008), a
Pareto distribution of export sales to a specific destination often emerges
endogenously. This is supported by previous empirical investigations such as Di
Giovanni and Levchenko (2012) and particularly Nigai (2017), who suggest that using
a Pareto distribution would better estimate the top quantile of the firm-level sales.*

Second, regarding the method of estimation, the log-log rank-size regression is among
the most used methods to estimate the Pareto exponent (also known as the shape
parameter that governs heterogeneity). For example, Error! Reference source not
found.3 visualises the log-log sale-rank relationship among Peruvian exporters to
Germany in 1995 and 2009. This method has been used in various applications,
including in international trade literature (Helpman, Melitz and Yeaple, 2004) and
particularly in economic geography (Gabaix and Ibragimov, 2011).

Figure 3: Distribution of sales among Peruvian exporters to Germany

Top 10% in 2009 Top 50% in 2009

Sales (Log) < . <
20 e ¥ 1

e 1995
= 2009
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4 In contrast, others such as Head et al. (2014) and Fernandes et al. (2023) suggest that the Pareto distribution is
inferior to the lognormal distribution in fitting the entire distribution of export sales.
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Third, the various cross-destination spillovers within firms may bias the analysis. The
margins of firm participation in each market are often interdependent and
complementary. For example, exporters in one market may find it less costly to export
the same products to nearby markets owing to the acquired knowledge of the local
culture and consumer preferences. Other firm idiosyncrasies may also affect the firm'’s
export sales across markets. Freund and Pierola (2020) document that most export
superstars are multinational enterprises that possess better information on foreign
demands than domestic firms do.

The log-log rank-size regression appears most relevant for our analysis given these
three considerations. This approach allows for the inclusion of high-dimensional fixed
effects that account for various idiosyncratic effects, a critical advantage over
estimation methods based on maximum likelihood estimations or quantile-quantile
regressions. In addition, the flexibility to use the reverse specification of log-log sizes
ranks enables us to make meaningful economic interpretations regarding the effect of
internet expansion on average sales itself. If internet adoption has a positive impact
on the Pareto exponent k of export sales distribution, the result would imply a more
concentrated distribution. The section 3 will evaluate Hypothesis 1 formulated as
below:

Hypothesis 1 Higher internet adoption rate leads to an increase in the exponent
of the export sales distribution for a given country-pair.

3.2 Empirical setup

We start with a log-log size-rank regression, a variant of the more commonly used
classic log-log rank-size with equivalent asymptotic properties (Gabaix and Ibragimov,
2011). They also suggest shifting the rank variable by a factor of ¥2 to ensure
consistency in small samples. These modifications lead to the following setup:

log(Saleﬁjt) =a+ ,3 IOg (Rankﬁjt - 1/2) (l)

where Salesiijt represents the total export sales from firm f of country i to country j in
year t.°> Rankiit represents the descending rank in terms of sales by firm f among the
exporters from i to j in year t. Given the negative correlation between the rank and
sales level (see Figure 3 for an example), B takes on a negative value. The absolute
value of this slope (B) approximates the Pareto exponent k (also called the shape
parameter 6).

5 For simplicity, the notation for origin country is suppressed whenever we refer to a specific firm. In EDD database,
firm identifications are anonymised in each country, therefore we cannot observe if the same multinational may
appear in multiple country datasets. We thus assume any firms from different countries are different from each
other.



To separate the effect of internet adoption, we augment equation (1) with the bilateral
internet adoption rates Internetij: defined in Section 2.2, and its interaction with firm
ranks:

log(Saleg;;) = Blog(Rankg;, — %) + Blog(Rankg (2)
— %) X log(lnterneti]-t) + 3 log(Interneti]-t) + O + Dy,
+ (D]t + q)ll + Sfi]'t

Our main coefficient of interest is that of the interaction term between log-rank and
internet adoption S,. This interaction term indicates the impact of internet adoption on
the slope of the log-log sale-rank relationship (the exponent parameter). A negative
coefficient £, would imply that with stronger internet adoption rates, the (negative)
slope of the sale-rank relationship becomes steeper. In this case, internet adoption
facilitates a more concentrated distribution of export sales. The coefficient 5 of the
internet adoption variable captures the impact of internet adoption on average sales
level.

The firm fixed effect helps account for idiosyncratic behaviours of firms that may affect
sales such as their ownership and main industry of activities. The linear trends for
origin and destination countries account for multilateral resistances, overall demand,
and supply trends, as well as other macroeconomic shocks in these countries. The
origin-destination country pairs account for the trade cost between countries such as
distance, borders, religion, common language, and colonial history.

Error! Reference source not found. displays summary statistics for the resulting
dataset. In total, we observed 1,051,095 observations from 232,528 different
exporters. There are 1,725 country pairs which form 10,963 origin-destination-year
flows. In each flow, there are up to 28,997 exporters. The internet adoption rate stands
at 13% for the median observation, ranging from 0.001% to 54.7%. We will express
this variable as the log of percentage points.

Table 1: Summary statistics for log-log sale-rank regressions

Variables N mean sd p50 | min max
Salesit (in thousand USD) 1051095 | 1871 | 64421 36 1 30203306
Internetijt (%) 1051095 13 10 12 0 55
Rankg 1051095 | 2886 6034 | 349 1 28997
Number of exportersij 1051095 | 5771 10044 | 861 1 28997




3.3 Results

Table 2 first estimates the exponent of the sale-rank distribution for the top 10% of
exporters in each flow by estimating equation (1). In column (1), the Pareto exponent
(the absolute value for the coefficient of the log-rank variable) of 0.915 conforms to
previous estimates of the exponent at around 1 (albeit with a large standard error).

Table 2: The effect of internet on log rank-log sale relationship

Top Top Top Top Full Full
10% 10% 50% 50% sample sample
Variables (1) (2) (3) (4) (5) (6)
Rank -0.9152 | -0.849® | -1.377% | -1.283 -1.8522 -1.7252
[0.011] [0.013] [0.016] [0.014] [0.020] [0.016]
Rank x -0.0302 -0.0442 -0.0592
Internet [0.005] [0.006] [0.007]
Internet 0.2272 0.2612 0.3662
[0.076] [0.076] [0.083]
Observations 99,707 99,646 | 491,747 | 491,453 958,780 958,158
R-squared 0.958 0.958 0.946 0.946 0.920 0.921

Note: All regressions include origin and destination linear trends, country pair and firm fixed effects. Robust
standard errors clustered at origin-destination-year level are reported in brackets: 2 p<0.01; ® p<0.05; ¢ p<0.1.

Column (2) presents the key result by estimating equation (2) for the top 10% of
exporters and confirms Hypothesis 1. The coefficient for the interaction term between
internet adoption and log-rank is negative and statistically significant at the 1% level.
This result suggests that the internet reduces the negative slope of the log-log sale-
rank relationship (hence increasing the exponent) — suggesting a more skewed sales
distribution toward the top. To put this in perspective, the coefficient of log-rank
suggests that there’s a 55.5% difference in sales between the biggest exporters and
2nd biggest exporters for a country pair with a median level of internet adoption (12%).
Doubling the internet adoption rate would widen this gap by 1.5pp to 57.0%, ceteris
paribus.® While the increase may not seem substantial, the bilateral internet adoption
rate doubled every 1.7 years on average during the studied period.

The Internet has a positive and significant impact on sales of all exporters in the top
10%. This result is consistent with previous studies. For example, Fernandes et al.
(2019) find that internet rollout increases the average export intensity of Chinese
manufacturers in the same province. One standard deviation increase in internet
penetration rate increases the sales for a certain exporter in an industry with the
average intensity of internet use by 8.5%, ceteris paribus.

6 Results in column (2) suggest that for bilateral flow with bilateral internet adoption rate at 12%, the difference in
sales between the first-ranked and the second-ranked firm is exp (—0.849 x (log(1 — %) —log(2 — %)) —
0.030 % (log(1 — %) —log(2 — %)) x log(12)) — 1 = 55.5%. When the internet adoption rate doubles to 24%, the
difference in sales is predicted as exp (—0.849 X (log(1 — %) — log(2 — %)) — 0.030 x (log(1 — ¥2) — log(2 — %)) X
log(24)) — 1 = 57.0%.



The slope of the log-log sale-rank relationship can be highly dependent on the quantile
of export sales analysed (see Error! Reference source not found.3 for an example
and Nigai (2017) for a detailed discussion).” As a sensitivity analysis, we repeat the
exercise for a larger sample of the top 50% of exporters and the full sample of all
exporters. In both cases, the general slope of the rank-sale relationship steepens as
the sample expands, highlighting the heavy tail characteristics of exporter distribution.
Other studies such as Eaton et al. (2011) and Di Giovanni et al. (2011) found similar
results. The main results hold qualitatively. They suggest that concentration occurs
across the whole distribution of exporters, and not just among exporters at the very
top, thus confirming Hypothesis 1.

3.4 Robustness

Our identification strategy relies on the temporal variation in bilateral internet adoption.
In previous cross-country literature that exploits variations in country-level internet
adoption rates, reverse causality is a concern because earnings from exports can fuel
investment in infrastructure and facilitate internet adoption. Arguably reverse causality
is less likely to be a concern for this paper as it analyses export sales at the firm level.
The export performance of one firm is unlikely to affect directly the internet adoption
rate of the whole population in either the origin or destination country, due to the high
and non-divisible cost of setting up internet infrastructure.

Nonetheless, we evaluate the robustness of the results against reverse causality
through two tests. In the first test, we use the one-year lag of bilateral internet adoption
rates as the main policy variable. Internet use in the previous year is arguably
exogenous to contemporary export performance, which helps avoid simultaneity bias.
The results, presented in Panel A of Table A.2 in the Supplementary section, are
gualitatively and quantitatively similar to the main results.

The second test uses internet speed as an instrumental variable for internet adoption.
We use data on international Internet bandwidth per Internet user provided by the
International Telecom Union. Similar to the internet use variable, bilateral internet
speed takes on the value of the lower country-level speeds in each country pair. The
rationale is that the slower node is more likely to create bottlenecks in information flow
between these two countries. Because the annual data series have only been
collected since 2000, the number of observations dropped.

Existing evidence suggests that internet speed is a key determinant of internet use
across countries. In many developing countries, the issue of internet speed ranks
among the top barriers to internet adoption (Gillwald and Mothobi, 2019). International
Internet bandwidth is driven by investments in submarine cables and cross-border
Internet Exchange Points.® Recent economic papers have used the roll-out and

7 The deviation from power law at the tail-end of the distribution could reflect the fact that we do not observe firms’
domestic sales.
8 Satellite-based internet transmission remains limited to very few users in high income countries.
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reliability of this backbone network as a proxy for internet use such as Hjort and
Poulsen (2019).

Being an infrastructural index, internet speed is unlikely to directly affect the sales or
shipment of physical goods in ways other than through promoting internet use and
application. This property helps avoid concerns over the exclusion restriction of the
instrumental variable model, which requires that internet speed has an impact on firms’
export sales only through internet adoption.

While any ICT investments are generally affected by various structural factors such as
local macroeconomic conditions and institutional settings, several examples suggest
that such concerns are alleviated in the case of backbone networks in developing
countries. For example, some backbone infrastructure in developing countries was
developed thanks to speculative investment during the U.S.’s Dot Com bubble in the
latter half of the 1990s. Many of these investments have limited connection to their
actual use case.® Furthermore, the international bandwidth for many small countries
is driven by infrastructure whose main purpose is to link other major economic hubs
together.

Panel A of Table 3 presents the results from the first stage of the 2SLS procedures
across the three samples of firms. The internet bandwidth and its interaction with rank
variables are the two instruments for internet adoption and its interaction with sales
rank, making the estimates just identified. Across all six columns, the Sanderson-
Windmeijer F-statistics range from 1458 to 4130, suggesting that the internet speed
variable is not weakly correlated with internet adoption (Sanderson and Windmeijer,
2016). For the top 10% of sales, a 10% increase in bandwidth increases the internet
adoption rate by 4.96%. The interaction of internet bandwidth with sale rank also has
a statistically significant role in explaining the variation of the interaction term between
internet use and sale rank.

In Panel B of Table 3, results from the second stage of the 2SLS procedure confirm
that higher internet adoption increases the exponent of the sales distribution. Internet
adoption also has a positive and statistically significant relationship with the average
sales of firms in each serving destination.

9 While one can argue that the dot com bubble is also source of confounding factors that affect international trade,
the limited spillovers from the dot com burst to the real economy suggests that such concern may not be a crucial
factor.
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Table 3: Internet and log-log sale-rank relationship, IV approach

A. First stage

Top 10% Top 50% Full sample
(1) (2) (3) (4) (5) (6)
Interne | RankxInterne | Interne | RankxInterne | Internet | RankxInterne
t t t t t
Bandwidt 0.4962 -0.067 0.5112 0.026 0.5222 0.089
h
(0.022) (0.085) (0.036) (0.199) (0.042) (0.261)
Rank x -0.018 0.4362 -0.016 0.4152 -0.016 0.4062
Bandwidt
h
(0.011) (0.049) (0.010) (0.061) (0.010) (0.067)
Rank 0.200° -0.348 0.180° -0.113 0.179° -0.006
(0.082) (0.347) (0.076) (0.441) (0.075) (0.482)
N 101449 101449 501629 501629 100319 1003194
4
SW F-stat 3847 1458 4100 1688 4130 1761
KP F-stat 1287 1287 855 855 762 762
B. Second stage
~ Top10%  Top50% Full sample
(1) (2) (3)
Variables Sales Sales Sales
Rank -0.9082 -1.2962 -1.6822
[0.029] [0.033] [0.039]
Rank x Internet -0.004 -0.0372 -0.0762
[0.011] [0.011] [0.014]
Internet 1.157° 1.2192 1.3602
[0.545] [0.428] [0.426]
Observations 95,638 471,107 917,903
R-squared 0.779 0.854 0.811

Note: SW F-stat refers to Sanderson-Windmeijer F-statistics. KP F-stat refers to Kleibergen-Paap Wald F statistic.
All regressions include origin and destination linear trends, country pair and firm fixed effects. Robust standard
errors, clustered at origin-destination-year level, are reported in brackets: 2 p<0.01; ® p<0.05; ¢ p<0.1.

A potential issue with our definition of bilateral internet adoption is that when one
country has a persistently lower internet adoption rate than its partner, the variation in
bilateral internet use could be exclusively driven by changes in the adoption rate in
this country. In column (1) of Table 4, we limit the sample only to country pairs where
the origin country had a lower internet penetration rate in the first year when exporter
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data was available (to).1° In this situation, a bilateral internet connection would largely
be driven by variations in internet penetration in the exporting country. Inversely,
column (2) exploits a subsample of country pairs where the destination country had a
lower internet penetration rate in the first year where exporter data is available (to).

Table 4: Effect of internet on rank-sale exponent among the top 10%, covariates and
sample robustness

| (1) 2 (4) (5) (6) (7)
Internetito< | Internetivo | Internet | N2100 | Existing Covariate
Internet;io 2 as % pairs robustness
Internet;io
VARIABLES Sales Sales Sales Sales Sales Sales Sales
Rank -0.7802 -0.9012 -0.8932 - -0.8512 | -0.8022 | -0.8612
0.8702
[0.012] [0.018] [0.014] |[0.015] | [0.013] | [0.020] | [0.013]
Rank x Internet -0.0292 -0.0192 - -0.0302 | -0.0262 | -0.0322
0.0352
[0.006] [0.006] [0.005] | [0.005] | [0.005] | [0.005]
Internet -0.413¢ -0.128 0.3782 | 0.2472 0.2702
[0.220] [0.249] [0.113] | [0.078] | [0.081]
Rank x Internet -0.0022
(%)
[0.001]
Internet (%) 0.004
[0.004]
Observations 25,960 72,198 99,707 | 86,545 | 98,896 | 88,597 | 97,218
R-squared 0.946 0.963 0.958 0.974 0.959 0.977 0.971
Fixed effects
Origin-Year Y Y Y Y Y Y
Dest.-Year Y Y Y Y Y Y
Firm-Dest. Y
Origin-Dest.- Y
Year
Firm Y Y Y Y Y Y
Origin-Dest. Y Y Y Y Y

Note: Robust standard errors clustered at origin-destination-year level are reported in brackets: 2 p<0.01; ® p<0.05;
C
p<0.1.

In both cases, the results remain qualitatively similar and confirm Hypothesis 1.
Interestingly the effect of internet use on sales differs across the two specifications.
This divergence is consistent with findings from Cariolle, de Melo and Imbruno (2022)

10 To conserve space, it focuses the analysis on the top 10% of exporters. Results for the top 50% and the whole
sample are qualitatively similar and available upon request.
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who suggest that the impact of internet adoption on trade depends on the origin
country of exporters.

Finally, we show the robustness of the results against alternative variable
specifications and subsamples. In column (3), we further test the sensitivity of the
result when specifying the internet adoption variable as a percentage (rather than log
specified). Column (4) evaluates equation (2) using a subsample of only bilateral flows
where there are at least 100 exporters. This subsample ensures that the top 10% in
each flow include at least 10 firms. Column (5) addresses concerns over selection by
keeping only flows that are already active in the first year when customs data is
available for each of the 11 developing countries in the EDD v2.0 dataset. This
approach excludes new destinations that exporters from these 11 countries only
exported more recently, as these new destinations could be a consequence of internet
adoption. All these regressions confirm the main results to support Hypothesis 1.

4. Internet and entrenchment of export superstars

4.1 Hypothesis

Section 3 provides evidence that the concentration of export sales in each origin-
destination flow increases with better internet. However, the concentration of exports
in a given year may not necessarily imply a reliance on the superstars if the
composition of firms that make up this top group changes frequently, i.e., there is high
churning.

In contrast, an “entrenchment” of the top exporters who retain their dominance from
one year to another would suggest sustained concentration over time and raise
concerns for policymakers. This is an important point from the statistical analysis by
Freund and Pierola (2020). They find that 71% of the top five exporters in a given year
already featured in the top 1% of exporters five years previously.

This section aims to understand the entrenchment of export superstars in the Internet
era. Particularly, it evaluates if incumbent superstars are more likely to retain their top
positions from one year to another as internet adoption expands thanks to the internet
environment — formulated as Hypothesis 2:

Hypothesis 2 Superstar exporters in each country-pair are more likely to
retain their superstar status when the internet adoption rate is
higher.

The definition of “superstars” is sensitive to this compositional change. When the
number of exporters increases, those previously outside the top quantile (e.g., the top
5% and top 10% of exporters) can now attain superstar status simply thanks to the
numerical expansion of the top quantile. In contrast, ordinal-rank definition (e.g., top
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one or top five firms) can be distorted in flows with fewer exporters as exporters outside
the top five can now feature in this group thanks to churning, everything else being
equal. To address this concern, we will assess the model one by one using both the
relative ranks and the ordinal ranks of superstars — a similar approach to Freund and
Pierola (2020).

4.2 Empirical setup

The baseline model to evaluate Hypothesis 2 takes the following form:

Prob(Superstarﬁj,t = 1) 3)
= PBySuperstary;;._1 + frSuperstars;j,_4 X log(lnternetij’t)
+ B log(Internetij,t) + Zrije + Efije

where Superstary;;. is a dichotomous variable indicating whether a certain firm f has
superstar status in terms of total sales from country i to country j in year t.
Superstary;_, represents this firm’s superstar status in the preceding year.'* We will
assess the model one by one using both the relative rank of superstars (top 5% and
top 10% of exporters in the respective flows) and the ordinal rank of superstars (top 1,
top 2 and top 5 of exporters).

The main coefficient of interest is the interaction term S, between exporter's (lag)
superstar status and internet adoption. A positive and statistically significant coefficient
would confirm Hypothesis 2 as it suggests that internet connectivity increases the
likelihood of top exporters retaining their superstar status from t-1 to t.

Zsjr denotes a series of fixed effects to account for omitted variable bias. Similar to
section 3, we include fixed effects for each firm, each country-pair, and time-varying
trends for each origin and destination country. In this setup, the firm-level fixed effect
controls for unobserved time-invariant characteristics such as the average level of
productivity and ownership structure (which is unlikely to change given the short panel
for most of the countries).

The origin-trend fixed effects capture any shocks to the local economy that may have
asymmetric impacts among producers and affect the possibility for any exporters to
feature in the “superstar” category. For example, distortions in the domestic economy
can reduce misallocate resources away from the most productive. Fernandes, Freund
and Pierola (2016) find that the dynamics of exporters also depend on the stage of
development in the origin country. For example, the importance of the top 5% in total
export values increases with total export sales. Similarly, the destination-year fixed
effects account for various demand-side factors that affect heterogeneity such as the

11 Firms that export in year t-1 but not in t (exiters) will be denoted as non-superstars in year t (Superstarsj=0). New
entrants (export in year t but not in t-1) will be denoted as non-superstars in year t-1 (Superstariit-1=0).
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level of competition in the economy, changing consumer demands and preference for
guality as well as unilateral opening of domestic markets.

In addition, we include product fixed effects to account for industry-specific factors
such as the capital intensity or the structure of the industry in which each firm operates.
Products are identified as the most important product heading (HS 4-digit) in the firm’s
export basket to each destination in a given year. It reflects the comparative advantage
of the exporter compared to local firms in each importing country. It also captures the
evolution in the exporter’s product orientation over time.

Supplementary Table A.3 provides a summary of the variables used in these
regressions on superstars.

4.3 Results

Table 5 presents the results from estimating equation (3) for different definitions of
superstars. Due to the large number of fixed effects employed and computational
constraints, we estimate the model with OLS. This approach also helps avoid the
incidence parameter problem that hinders non-linear estimators such as probit or logit
in the context of a short panel.

Table 5: Effect of internet on export superstars’ persistence

Relative rank Ordinal rank

(1) (2) (3) (4) (5)

Superstar definition Top 5% Top 10% Top 1 Top 2 Top 5
>
Superstar (lag) 0.369° 0.392° 0.1322 0.0822 0.0462

[0.013] [0.011] [0.010] [0.009] [0.009]
Superstar (lag) x 0.0522 0.039? 0.036° 0.052@ 0.065?
Internet

[0.005] [0.004] [0.004] [0.004] [0.003]
Internet -0.009° -0.009°¢ -0.006° -0.007 0.001

[0.005] [0.005] [0.004] [0.005] [0.007]
Observations 1,285,471 | 1,285,471 | 1,285,471 | 1,285,471 | 1,285,471
R-squared 0.466 0.486 0.291 0.340 0.399

Note: All regressions include country-pair, origin and destination linear trends, firm and product fixed effects.
Robust standard errors clustered at origin-destination-year level are reported in brackets: 2 p<0.01; ? p<0.05; ¢
p<0.1.

In column (1), we first observe that in an environment without internet connectivity, the
top 5% exporter in the previous year has a 36.9-percentage point (pp) higher chance
of featuring in the top 5% this year, compared to other exporters. This is consistent
with Freund and Pierola (2020), who report that in 32 countries where firm-panel data
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is available, 71% of the top five firms were already in the top 1% of exporters five years
earlier.

We also find that the expansion of the internet also decreases the likelihood for any
firm to become a superstar in a country-pair flow. This likely reflects the fact that more
firms are exporting in a connected environment. By encouraging entry and exit, the
internet inflates the sample of firms for consideration in each country-pair-year triad by
including both current and recently exited exporters.1?

The positive and statistically significant coefficient of the interaction term between
superstar status and internet penetration suggests that internet adoption helps top
exporters retain their status. Everything else being equal, doubling the internet
penetration rate boosts the probability that the top 5% of exporters will retain their
ranks by an additional 4.3pp (=0.052-0.009), representing an 11.7% increase in their
chance of retaining the top spots.

Column (2) follows a similar strategy with superstars defined as those in the top 10%
of sales. Exporters in the top 10% of sales in the previous years have a 39.2pp higher
likelihood to feature in the top 10% again this year, compared to those not previously
in the top 10%. In an environment where internet adoption doubles, this likelihood is
boosted by 3.0pp, equivalent to a boost of 7.7%.

Columns (3)-(5) confirm Hypothesis 2 using ordinal-rank definitions of superstars (the
top one, the top two, and the top five exporters in an origin-destination-year triad).
Column (3) for example presents the estimation of equation (3) with superstars defined
as the single top exporter. The top exporter in the previous year has a 13.2pp higher
chance of retaining this status, compared to other exporters. Doubling of internet
adoption rate boosts the probability that the top exporter will retain its top position from
one year to another by 3.0pp, representing a 22.7% increase in their chance of
retaining the top spots. The results for the top 2 and top 5 exporters are qualitatively
similar, whereby doubling the internet penetration rate would lead to a boost of 54.9%
and 143.5% respectively in the chances that these superstars retain their dominance.

4.4 Robustness

This section evaluates the robustness of Hypothesis 2 using the samples of the top
5% and top 1 exporters. Results using other definitions of superstars are qualitatively
similar and available upon request.

In this analysis, reverse causality can occur where an incumbent superstar creates
pressure on the local government to invest in internet infrastructure to facilitate their
trading. However, existing experience suggests that the typical response is to
concentrate their investment in spatially-targeted industrial clusters. Such investments

12 Simple correlation analysis, available upon request, suggests that Internet adoption rate correlates positively
with both the number of exiting firms (those who export in t-1 but not in t) and the share of exiting firms in total
exporters.
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would have little impact on the rate of internet access among the majority of the
population who typically live outside these zones. Indeed, the lack of linkage between
many industrial zones and the general economy has often been criticised in numerous
policy evaluations.

We further test against using endogeneity by using international internet bandwidth
and its interaction with the lagged superstar status as instrumental variables. For
brevity, we present the first-stage results in Supplementary Table A.4. The Sanderson-
Windmeijer F-statistics in the first-stage regressions range from 79 to 4737 -
alleviating the concerns over weak instruments in this setup. The second-stage results
presented in Table 6 suggest that Internet adoption helps superstars, defined by their
ordinal rank, to retain their status. While the coefficients for the interaction term
between internet adoption and superstar remain positive for the relative rank
definitions of superstars, these estimates are no longer statistically significant.

Table 6: Effect of internet on superstars, IV approach

Relative rank Ordinal rank

(1) (2) (3) (4) (5)

Superstar definition = Top 5% Top 10% Top 1 Top 2 Top 5
Superstar (lag) 0.461° 0.462° 0.1542 0.1182 0.096°

[0.024] [0.020] [0.016] [0.014] [0.014]
Superstar (lag) x Internet 0.012 0.010 0.020° 0.029° 0.036°

[0.009] [0.008] [0.008] [0.007] [0.006]
Internet -0.019 -0.024 0.000 0.013 -0.004

[0.022] [0.026] [0.015] [0.023] [0.036]
Observations 1,226,696 | 1,226,696 | 1,226,696 | 1,226,696 | 1,226,696
R-squared 0.238 0.235 0.040 0.036 0.037
SW F-stat Internet 79 80 80 80 80
SW F-stat Superstar x 603 586 4737 4577 3989
Internet

Note: The table reports Sanderson-Windmeijer F-statistics for first stage regressions for Internetiz and Superstar
(lag)xInternetij: being the endogeneous regressors. All regressions include country-pair, origin and destination
linear trends, firm and product fixed effects. Robust standard errors clustered at origin-destination-year level are
reported in brackets: 2 p<0.01; ® p<0.05; ¢ p<0.1.

Error! Reference source not found. evaluates the robustness of the results against
alternative samples. In columns (1)-(2), we limit the sample only to country pairs where
the origin country had a higher internet penetration rate in the first year where exporter
data is available for each exporting country (to) - and vice-verse in columns (3)-(4).
Columns (5)-(6) test whether our results are affected by the over-representation of
flows with too few firms that arithmetically place more importance on small firms. We
restrict the sample to flows with at least 100 exporters and find qualitatively similar
results. The results remain qualitatively similar in all settings and for both superstar
definitions.
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Table 7: Effect of internet on superstars, with alternative samples

Internetit 2 Internetit < Flows with 100+ Four-year
Internet;io Internet;io exporters performance

(1) (2) () (4) () (6) (@) (8)

Variables Top5% | Top 1 Top5% | Top 1 Top5% Top 1 Top5% | Top 1

Superstar (lag) 0.2692 0.0932 0.4222 0.1122 0.5272 0.4122
[0.014] | [0.013] | [0.020] | [0.017] [0.014] [0.028]
Superstar (lag) x 0.0652 0.0312 0.0312 0.0462 0.014° 0.008
Internet

[0.006] | [0.006] | [0.007] | [0.007] [0.008] [0.011]

Internet 0.003 0.033° 0.001 0.001 -0.000 0.000
[0.017] | [0.015] | [0.009] | [0.006] [0.003] [0.000]
Superstar (4y lag) 0.3822 | 0.317°
[0.041] | [0.039]
Superstar (4y lag) 0.0972 | 0.019
x Internet [0.017] | [0.018]
Observations 302,744 | 302,744 | 977,446 | 977,446 | 1,138,781 | 1,138,781 | 95,883 | 95,883
R-squared 0.420 0.347 0.500 0.288 0.537 0.323 0.576 | 0.413

Note: All regressions include country-pair, origin and destination linear trends, firm and product fixed effects.
Robust standard errors, clustered at origin-destination-year level, are reported in brackets: 2 p<0.01; ? p<0.05; ©
p<0.1.

A selection problem may bias our estimation as the internet may induce specific types
of firms to enter and exit the export market. On the one hand, the internet could attract
new non-exporters to experiment with exporting. These firms typically have low
productivity levels, high churning rates and an overall limited probability of featuring at
the top. Their presence in the control group of non-superstars thus inflates the
‘entrenchment” effect of the superstars.

On the other hand, the internet may have also induced the emergence of export
superstars by facilitating off-shoring investment from the Global North to developing
countries. Fort (2017) shows that the adoption of communication technology increases
the probability of outsourcing and offshoring among U.S. manufacturing firms. Freund
and Pierola (2020) document multiple instances where new firms - which did not
feature in the sample five years earlier - start exporting with a very high amount (in
monetary value). These are often foreign-owned firms and many of them grow to be
in the top five group within two years. The emergence of these internet-driven born-
to-be superstars may create a downward bias on the effect of the internet on a
superstar’s “entrenchment”.

To account for firm selection, columns (7) and (8) focus on the long-run dominance of
the “original” superstars - those who already attained this status in the first year that
exporter data are available in the EDD v2.0 dataset. Furthermore, we focus on their
export performance 4 years later instead of tracking the dynamics of exporters in the
following year. The choice of 4 years is driven by the length of panel data for exporters
from Yemen, which is only available for the 2008-12 period. Overall, results presented
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in columns (7)-(8) largely confirm Hypothesis 2 whereby we find that increasing the
internet adoption rate would boost the probability for these “original” superstars to
feature in the top ranks 4 years later.

5. Mechanisms

Most papers evaluating the impact of the Internet on international trade focus on
aggregate trade flows in a cross-country analysis. They often exploit the difference in
internet rollout across countries, regions, and time dimensions to estimate the impact
of the internet on trade in a gravity model. The pioneering work by Freund and
Weinhold (2002) finds that a 10-percent increase in the share of internet users in the
partner countries leads to a 1.7-percentage-point boost to service trade with the U.S.
For trade in goods, Freund and Weinhold (2004) find that a 10pp increase in the growth
of web hosts in a country leads to about a 0.2pp increase in export growth.

This cross-country strand of literature often emphasises the role of Internet
communication in reducing the fixed cost of searching and matching. When calculating
the ex-ante profitability of exporting, firms are assumed to perfectly observe the
different costs and know all the potential partners. If the expected benefit outweighs
the expected cost, they will then pay the fixed cost, including the fixed cost of searching
and matching with importers, to start trading. These papers often focus on aggregate
trade flows, and thus they overlook the heterogeneity of firms.

However, in the heterogeneous firm model, a reduction in fixed cost is unlikely to lead
to export concentration. Most of the literature following the canonical Melitz (2003)
model assumes the Pareto distribution of a firm’s productivity with a location parameter
(a) and a shape parameter (6). With an exogenous constant elasticity of substitution
o and monopolistic competition, export sales to each destination will also be Pareto-

distributed with the shape parameter of sales § = &. Reducing the fixed cost to start

trading will shift the productivity cut-off and induce new and less-productive firms to
enter exporting. While this change may affect the definition of superstars, it has an
ambiguous effect on the heterogeneity of sales distribution.

To reconcile findings from sections 3 and 4 with the heterogeneous firm framework,
the rest of this section will discuss the potential role of information frictions in explaining
these empirical regularities.
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5.1 Information friction and sales concentration

Our findings could be explained through the lens of information friction. Exporters
could face information frictions related to the costly monitoring of market prices across
destinations (Allen, 2014; Steinwender, 2018), awareness of potential buyers and their
credibility (Akerman et al., 2022), and knowledge on demand conditions (Dickstein and
Morales, 2018). Importers also face friction due to awareness about potential suppliers
(Lenoir, Martin and Méjean, 2022), the cost of processing information (Dasgupta and
Mondria, 2018), and information on the credibility of sellers on online platforms (Chen,
Maggie and Wu, 2020).

Connectivity helps each exporter and importer to have a wider reach to potential
buyers and sellers. The wider choice set makes it easier for firms to find substitutes
and makes demand more elastic, following Marshall’s first rule of derived demand.
Akerman, Leuven and Mogstad (2022) formalise this argument in a model with
variable elasticity of demand. They find that expansion of broadband internet in a
region makes export sales from this region more sensitive to prices, and hence the
difference in trade costs across destinations. Extending this argument, we would also
expect export sales to become more sensitive to production costs. Consequently, firms
with lower per-unit costs would score higher sales than low-productivity ones when
holding the same distribution of productivity. The provision of information through
Internet communication thus leads to export sales concentration towards high-
productivity firms, who are typically large sellers already.

That high-productivity firms gain disproportionately higher sales thanks to information
provision is also a key insight from Lenoir, Martin and Méjean (2022). In their Ricardian
model, search frictions mean that a buyer is drawn against a random number of
heterogeneous producers from each origin country — from whom she chooses the
lowest-cost suppliers. Higher search friction is more penalising for high-productivity
firms because they are much more likely to win sales from the new, expanded set of
potential buyers. In contrast, the change can be detrimental for low-productivity sellers
because they are less likely to become the lowest-cost producers when there are more
competitors for each buyer. Conversely, being exposed to fewer customers is not as
penalising as the likelihood of not winning the sale is higher for them. As a result,
internet connectivity increases the allocation of sales towards high-productivity sellers
who are much more likely to win sales from the improved visibility.

Recent research has showcased the role of communication technologies in reducing
information friction within international trade. By exploiting spatial variation in mobile
phone coverage in the Philippines, Allen (2014) demonstrates that information frictions
account for half of the observed price dispersion in agricultural trade among the islands
in the country. Steinwender (2018) shows that the transatlantic telegraph connection
in the 19" century enhanced the flow of information on cotton markets between the
U.S. and the U.K. markets. The reduction in information frictions led to a lower level of
price dispersal, as well as larger and more volatile trade flows. Dasgupta and Mondria
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(2018) are more explicit about the role of internet connection in alleviating
informational frictions. They assume the maximum internet bandwidth between the
two countries as a proxy for the cost of information processing for exporters and
importers in these countries.

If internet adoption influences export concentration through alleviating information
friction, we would expect the impact of internet adoption on export concentration to be
more pronounced for trading of information-intensive goods. For example, buyers
typically need more communication to find the right sellers of differentiated goods, and
to convey various product specifications and characteristics. In contrast, the use of
commodity trading platforms and referenced prices for homogeneous goods trade
facilitates the process of searching and matching between buyers and sellers (Rauch,
1999). Previous literature such as Akerman, Leuven and Mogstad (2022) find stronger
effects of broadband adoption on the demand elasticity of differentiated goods as
compared to homogeneous goods.

As an extension of Hypothesis 1, we will test if the impact of internet expansion has
differential impacts on the Pareto exponent k of export sales distribution among the
two types of goods: homogeneous goods (commaodity and reference-priced goods)
and differentiated goods (all other types of goods) as classified by Rauch (1999). For
each type, we aggregate firms’ export sales in this category to each destination and
recalculate the sale ranking accordingly.

To evaluate Hypothesis 3a, we extend equation (2) by focusing on the three-way
interaction term between rank, internet adoption and differentiated goods dummy
would inform the differential impact of connectivity on the Pareto exponent between
differentiated and homogeneous goods. Other controls and interaction terms involving
Differentiated goods help account for the structural difference in the distribution of
sales between these two types of goods.

Table 8 consecutively presents the estimation results for the top 10%, the top 50%
and the full sample. In the first two estimations, we do not report a statistically
significant difference regarding the impact of connectivity on the exponent. In the third
estimation, we find a negative and statistically significant coefficient for the three-way
interaction term between rank, internet adoption and goods type, which would suggest
a stronger impact of connectivity on sales heterogeneity for differentiated goods, thus
supporting our conjecture.
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Table 8: Effect on log-log ranks-sales relationship, by type of goods

(1) (2) (3)
Variables Sales Sales Sales
Rank -0.9822 -1.3842 -1.8432
[0.059] [0.035] [0.017]
Rank x Internet -0.0482 -0.0432 -0.0472
[0.018] [0.012] [0.009]
Rank x Internet x Differentiated goods 0.029 -0.011 -0.0362
[0.020] [0.009] [0.011]
Internet 0.4022 0.4202 0.4262
[0.099] [0.127] [0.151]
Observations 98,729 489,668 960,650
R-squared 0.939 0.927 0.902
Sample Top 10% Top 50% Full sample

Note: All regressions include country-pair, origin and destination linear trends and firm fixed effects. Dummies for
differentiated goods, and its interactions with the internet variable and export ranks were also included in the
regressions but omitted from the table for brevity. Robust standard errors clustered at origin-destination-year level
are reported in brackets: 2 p<0.01; ? p<0.05; ¢ p<0.1.

Similarly, we augment equation (3) with a dummy for differentiated goods, its
interactions with the internet and the (lag) superstar variable, and its three-way
interaction term with (lag) superstar and internet variable. Our main interest lies in the
coefficient of this three-way interaction term.

The results presented in Error! Reference source not found. show that the impact
of internet adoption on superstar dominance is stronger for differentiated goods when
using an ordinal rank definition. However, we do not find a significant difference in the
impact between differentiated and homogeneous goods when considering relative
rank definition. For robustness, we estimate equations (2) and (3) individually for
exports of each type of goods. The results presented in Supplementary Table A.6 also
show that the magnitude of the impact of the Internet is broadly higher for the trade of
differentiated goods than for the trade of homogeneous goods.
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Table 9: Effect on superstar’s persistence, by type of goods

Relative rank Ordinal rank

(1 (2) () 4) (3

Superstar definition 2 Top 5% Top 10% Top 1 Top 2 Top 5
Superstar (lag) 0.376° 0.4202 0.3152 0.3352 0.3792

[0.011] [0.009] [0.010] [0.008] [0.007]
Superstar (lag) x Internet 0.0402 0.0292 0.0152 0.0132 0.0132

[0.005] [0.004] [0.004] [0.003] [0.003]
Superstar (lag) x Internet x -0.001 -0.002 0.013° 0.009° 0.004
Differentiated

[0.004] [0.004] [0.005] [0.004] [0.003]
Observations 1,057,224 | 1,057,224 | 1,057,224 | 1,057,224 | 1,057,224
R-squared 0.484 0.511 0.330 0.370 0.430

Note: All regressions include country-pair, origin and destination linear trends, firm and product fixed effects.
Additional controls, omitted from table for brevity, include internet adoption, a dummy for differentiated goods and
its interaction with internet adoption and with superstar status. Robust standard errors clustered at origin-
destination-year level are reported in brackets: 2 p<0.01;  p<0.05; ¢ p<0.1.

5.2 Other channels

The spread of internet connectivity and the broader diffusion of information and
communication technologies may also affect heterogeneity through supply-side
factors such as exporters’ productivity, access to inputs and organisation capital. Such
technologies can induce technological adoption that shapes firms’ productivity and
characteristics through changes in the use of tangible inputs such as intermediate
materials and machinery and intangible inputs such as management, organisational
practice, and support services (see Hjort and Lin (2022) for a recent summary of this
literature).

Connectivity may also exacerbate productivity dispersion among firms in the origin
country. First, Internet connectivity may induce changes in the optimal input mix and
disproportionately favour firms already endowed with higher productivity such as
enterprises with a higher share of highly skilled labour (Akerman et al., 2015), and
enterprises in digital-intensive sectors such as finance (Hjort and Poulsen, 2019).
Lower supply-chain coordination cost also facilitates production fragmentation and
induces multinational enterprises to reallocate to developing countries, where they
would often feature among the most productive firms. Fort (2017) shows that the
adoption of communication technology increases the probability of outsourcing and
offshoring among U.S. manufacturing firms.
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Second, the lumpy cost of internet adoption may also widen the productivity gap
between small exporters and larger ones (who can spread the lumpy cost over more
units). Digital skills, organisation capability and financial requirements may create
barriers to the adoption of Internet applications even when such investment is
technologically feasible and economically viable (Cariolle, de Melo, and Imbruno,
2022). This problem is particularly severe in environments with a limited supply of high
skills and underdeveloped financial markets — such as those in developing countries
— that would increase the lumpy cost of adoption.

The baseline sets of fixed effects should help alleviate these confounding factors. The
firm-specific fixed effects capture the average productivity of each firm across the
periods. It controls for other critical firm characteristics such as foreign-owned
enterprises, who may have relocated to the origin country thanks to easier
coordination of international production networks. The inclusion of origin- and
destination-trend fixed effects also captures systemic changes to the various supply-
and demand-side factors that may affect firm heterogeneity.

To further address concerns over the uneven adoption of Internet technologies across
firms, we further add firm-year fixed effects to the two models which help capture the
evolution in firms’ productivity, (overall) quality and product scope. Annex Table A.7
presents the result and confirms the robustness of the main results against the
inclusion of these stringent controls.

6. Conclusions and Policy Implications

This paper presents empirical evidence that the expansion of Internet adoption
increases the concentration of export sales toward a few top firms and strengthens the
likelihood of incumbent export superstars retaining their status. It is the first to suggest
that the global expansion of the Internet has contributed to the export superstars’
phenomenon.

Internet connectivity allows exporters and importers to expand their network and thus
intensify the level of competition that each exporter faces. This shift leads to higher
cost sensitivity among importers and disproportionately favours sales by producers
with the lowest per-unit cost, thus skewing export sales towards a small group of
superstars. Indeed, the paper shows that the impact of the Internet on export
concentration is stronger for the export of differentiated goods than for the export of
homogenous goods, for which information friction is less salient.

This concentration of export sales in the Internet era has important implications for
policymakers in Asia. Many Asian countries, especially developing ones, are focusing
on the rapid expansion of the internet and digital transformation in general to expand
their competitiveness and meet the SDGs. Understanding the dynamics of competition
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in the digital age can help policymakers better design their export strategy and realise
the goals of inclusive and sustainable industrialisation as in SDG Goal 9.

As competition structure in the internet era favours superstars, measures to support
export entrepreneurship (through subsidising smaller firms to enter exporting) would
yield limited benefits. Instead, export-promoting strategies may focus their limited
resources on enhancing the linkages between export superstars and domestic
suppliers. Emerging evidence from Uruguay and Costa Rica suggest that export-
promoting activities can positively affect non-exporting firms through their linkage with
supported exporters (Carballo, de Artiniano and Volpe-Martincus, 2021; Alfaro-Urenia,
Manelici and Vasquez, 2022).

Furthermore, as the spread of the internet continues to expand across all countries,
policymakers also need to pay attention to the link between exporter concentration
and its consequences on the domestic economy. In particular, the surveillance of
industry demand and global supply-chain dynamics affecting their superstar exports
becomes an ever more important component for effective macroeconomic
policymaking to realise the sustained growth outlined in SDG Goal 8.
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Appendix: Supplementary Materials

Table A.1: Coverage of Exporter Dynamic Database 2.0

Origin country Region First year Last year
Albania Europe 2004 2012
Burkina Faso Africa 2005 2010
Bulgaria Europe 2001 2006
Guatemala LAC 2003 2010
Jordan Asia 2003 2010
Mexico LAC 2000 2007
Malawi Africa 2004 2009
Peru LAC 1993 2009
Senegal Africa 2000 2010
Uruguay LAC 2001 2012
Yemen Asia 2008 2012

Table A.2: Log-log rank-sale regressions with lagged internet

Panel A. Impact on log-log sales-rank regressions

(1) (2) ()

Variables Top 10% Top 50% Full sample
Rank -0.8632 -1.3002 -1.746°

[0.016] [0.017] [0.020]
Rank x Internet (lag) -0.0277@ -0.0417 -0.056°

[0.005] [0.007] [0.008]
Internet (lag) 0.192° 0.295° 0.393°

[0.070] [0.067] [0.074]
Observations 98,975 488,114 951,477
R-squared 0.958 0.946 0.921

Note: All regressions include origin and destination linear trends and country pair fixed effects. Robust standard
errors clustered at origin-destination-year level are reported in brackets: 2 p<0.01; ? p<0.05; ¢ p<0.1.
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Panel B. Impact on superstar persistence

(1) (2) &) (4) )

Variables Top 5% | Top 10% Top 1 Top 2 Top 5

Superstar (lag) 0.400° 0.417° 0.149° 0.1102 0.088°
[0.011] [0.009] [0.008] [0.007] [0.007]
Superstar (lag) x Internet 0.043° 0.0322 0.028° 0.039° 0.04772

(lag)

[0.004] | [0.004] | [0.004] | [0.003] | [0.003]

Internet (lag) -0.002> | -0.001 | -0.003* | -0.006° | -0.012

[0.001] | [0.002] | [0.001] | [0.001] | [0.002]
Observations 1,277,913 | 1,277,913 | 1,277,913 | 1,277,913 | 1,277,913
R-squared 0.463 0.485 0.283 0.328 0.384

Source: Author’s calculations.
Note: All regressions include country-pair, origin and destination linear trends, firm and product fixed effects. Robust
standard errors clustered at origin-destination-year level are reported in brackets: @ p<0.01; ® p<0.05; ¢ p<0.1.

Table A.3: Summary statistics for regressions on superstars

(1) 2 @ (4) (5) (6)

Variables N mean SD median min max
Top 1 1358518 0.008 | 0.088 0.000 0.000 1.000
Top 2 1358518 0.014 | 0.118 0.000 0.000 1.000
Top 5 1358518 0.029 | 0.168 0.000 0.000 1.000
Top 5% 1358518 0.039 | 0.192 0.000 0.000 1.000
Top 10% 1358518 0.074 | 0.261 0.000 0.000 1.000
Internet (log) 1358518 2.270 | 1121 2.488 -10.953 | 4.001

Source: Author’s calculations.

Table A.4: Impact on superstars, first stage regression using IV approach
Top 5% Top 10% Top 1 Top 2 Top 5

(1) (2) () 4) (5) (6) (7) (8) 9 | (10)

Inter | Super | Inter | Super | Inter | Super | Inter | Super | Inter | Super

net stari.1 net star. net stari.1 net star;.1 net star.
X X X X X

Intern Intern Intern Intern Intern
et et et et et

Band 0.03 | -0.0162 | 0.03 |-0.0292 | 0.03 | -0.006% | 0.03 | -0.0092 | 0.03 | -0.0152

width | 42 42 42 4a 4a
(0.00 | (0.001) | (0.00 | (0.002) | (0.00 | (0.001) | (0.00 | (0.001) | (0.00 | (0.002)
4) 4) 4) 4) 4)

Super | - | 0.397° | 0.00 | 0.385° | - | 05112 | - | 0.498° | - | 0.477°

star.s | 0.00 0 0.00 0.00 0.00




Top 5% Top 10% Top 1 Top 2 Top 5
x 0 1 1 1
Band | (0.00 | (0.016) | (0.00 | (0.016) | (0.00 | (0.007) | (0.00 | (0.007) | (0.00 | (0.008)
width 0) 0) 1) 1) 1)
Super - |-0394a| - [-0.275°| 0.00 |-1.6782 | 0.00 |-1.5292 | 0.00 | -1.2892
star.s | 0.00 0.00 2 5 3
0 1
(0.00 | (0.125) | (0.00 | (0.126) | (0.00 | (0.055) | (0.00 | (0.055) | (0.00 | (0.057)
1) 1) 5) 5) 4)
N 1226 | 12266 | 1226 | 12266 | 1226 | 12266 | 1226 | 12266 | 1226 | 12266
696 96 696 96 696 96 696 96 696 96
SWF- | 79 603 80 586 80 | 4737 | 80 | 4577 | 80 | 3989
stat

Source: Author’s calculations.

Note: SW F-stat refers to Sanderson-Windmeijer F-statistics. All regressions include country-pair, origin and
destination linear trends, firm and product fixed effects. Robust standard errors clustered at origin-destination-year
level are reported in brackets: 2 p<0.01; ® p<0.05; ¢ p<0.

Table A.5: Impact of internet on superstars, alternative fixed effects

Variables Top 5% Top 5% Top 1 Top 1
Superstar (lag) 0.299? 0.399? -0.003 0.1872
[0.016] [0.013] [0.011] [0.011]
Superstar (lag) x Internet 0.0512 0.044 0.0412 0.029°
[0.006] [0.005] [0.005] [0.005]
Internet -0.003 -0.001
[0.005] [0.004]
Observations 1,278,212 1,283,835 1,278,212 1,283,835
R-squared 0.509 0.474 0.396 0.281
Fixed effects
Origin-Destination Y Y
Origin-Year Y Y
Destination-Year Y Y
Origin-Destination-Year Y Y
Firm Y Y Y Y
Product Y Y
Product-Destination Y Y

Note: Robust standard errors clustered at origin-destination-year level are reported in brackets: 2 p<0.01; ® p<0.05;

¢ p<0.1.
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Table A.6: The differential impact of Internet adoption on export concentration, split

sample regressions

]

Panel A. Impact on log-log rank-sale relationship

Differentiated goods Homogeneous goods

(1) (2) (3) (4) (5) (6)

Variables Top 10% | Top 50% | Full sample | Top 10% | Top 50% | Full sample
Rank -0.8592 -1.3132 -1.7742 -0.9072 -1.2932 -1.8322

[0.005] [0.003] [0.003] [0.008] [0.004] [0.004]
Rank x Internet -0.0372 -0.0692 -0.0912 -0.0212 -0.0312 -0.0512

[0.002] [0.001] [0.001] [0.003] [0.001] [0.001]
Internet 0.2082 0.3982 0.5752 0.1462 0.1602 0.2672

[0.012] [0.007] [0.007] [0.019] [0.009] [0.009]
Observations 80,535 398,143 796,473 36,498 178,037 356,258
R-squared 0.937 0.885 0.856 0.863 0.877 0.829

Note: All regressions include country-pair, origin and destination linear trends and firm fixed effects. Robust
standard errors clustered at origin-destination-year level are reported in brackets: @ p<0.01; ® p<0.05; © p<0.1.

Panel B. Impact on superstars

Differentiated | Homogeneous | Differentiated | Homogeneous

goods goods goods goods
Superstar definition 2 Top 5%i;t Top 5%ijt Top 1ijt Top 1ijt
Superstar (lag) 0.1772 0.1412 -0.062 0.097°

[0.028] [0.034] [0.041] [0.042]
Superstar (lag) x 0.0572 0.0442 0.0452 0.0222
Internet

[0.005] [0.006] [0.008] [0.008]
Internet -0.0062 -0.0092 -0.0052 -0.0072

[0.001] [0.002] [0.001] [0.001]
Observations 943,661 413,001 943,661 413,001
R-squared 0.462 0.415 0.263 0.317

Source: Author’s calculations.

Note: All regressions include country-pair, origin and destination linear trends, firm and main-product fixed effects.
Robust standard errors clustered at origin-destination-year level are reported in brackets: @ p<0.01; ® p<0.05; ¢
p<0.1.
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Table A.7: Robustness check with inclusion of firm-year fixed effects

Panel A. Impact on log-log sale-rank regressions

Variables Top 10% Top 50% Full sample
Rank -0.8472 -1.2532 -1.7252
[0.011] [0.010] [0.016]
Rank x Internet -0.0262 -0.0402 -0.059?2
[0.005] [0.005] [0.007]
Internet 0.169° 0.2432 0.3662
[0.085] [0.070] [0.083]
Observations 65,576 352,429 958,158
R-squared 0.950 0.943 0.921

Note: All regressions include origin and destination linear trends, country pair and firm-year fixed effects. Robust
standard errors clustered at origin-destination-year level are reported in brackets: @ p<0.01; ® p<0.05; ¢ p<0.1.

Panel B. Impact on superstars

(1) (2) (3) (4) (5)
Variables Top 5% | Top 10% Top 1 Top 2 Top 5
Superstar (lag) 0.395° 0.42772 0.1752 0.128° 0.101°@

[0.011] [0.009] [0.010] [0.009] [0.009]
Superstar (lag) x Internet 0.064° 0.053¢ 0.037° 0.053° 0.067°
[0.005] [0.004] [0.004] [0.004] [0.004]

Internet -0.016° -0.0172 -0.008° -0.013° -0.010
[0.006] [0.007] [0.004] [0.006] [0.008]

Observations 909,627 | 909,627 | 909,627 | 909,627 | 909,627

R-squared 0.507 0.533 0.353 0.400 0.456

Source: Author’s calculations.

Note: All regressions include origin and destination linear trends, country pair, product and firm-year fixed effects.
Robust standard errors clustered at origin-destination-year level are reported in brackets: 2 p<0.01; ® p<0.05; ¢
p<0.1.
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