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Firm size follows Zipf's Law, a very fat-tailed distribution that implies a few large firms account for a dispro-
portionate share of overall economic activity. This distribution of firm size is crucial for evaluating the welfare
impact of economic policies such as barriers to entry or trade liberalization. Using a multi-country model of
production and trade calibrated to the observed distribution of firm size, we show that the welfare impact of
high entry costs is small. In the sample of the 50 largest economies in the world, a reduction in entry costs all
the way to the U.S. level leads to an average increase in welfare of only 3.25%. In addition, when the firm size
distribution follows Zipf's Law, the welfare impact of the extensive margin of trade – newly imported goods
at or near the exporting cutoff – is negligible. The extensive margin of imports accounts for only about 5.2% of
the total gains from a 10% reduction in trade barriers in our model. This is because under Zipf's Law, the large,
infra-marginal firms have a far greater welfare impact than the much smaller firms that comprise the
extensive margin in these policy experiments. The distribution of firm size matters for these results: in a
counterfactual model economy that does not exhibit Zipf's Law the gains from a reduction in fixed entry bar-
riers are an order of magnitude larger, while the gains from a reduction in variable trade costs are an order of
magnitude smaller.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

An influential recent literature combines fixed costs of production
and exporting with firm heterogeneity to study firm-level participa-
tion in international trade. Naturally, when the unit of the analysis
is the firm, much of the emphasis has been placed on the entry
decision into export markets — the so-called “extensive margin.”
This literature is closely related to the research agenda in economic
growth that documents the existence of large impediments to entry
and cross-border trade, especially in developing countries.
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This paper evaluates the importance of fixed costs of production
and trade and the extensive margin of imports for welfare.1 The key
ingredient of our study is the observation that firm size follows Zipf's
Law, a very fat-tailed distribution that implies a few large firms ac-
count for a disproportionate share of overall economic activity.2 Our
main result is that once Zipf's Law in firm size is accounted for, the
impact of fixed costs and the extensive margin on welfare is vanish-
ingly small.

The analysis is based on the workhorse multi-country model of in-
ternational trade in the spirit of Melitz (2003) and Eaton et al. (2011).
We show how this model can be calibrated to match Zipf's Law in
firm size, and illustrate analytically how the shape of the firm size dis-
tribution affects the importance of fixed costs and the extensive
1 As will become clear below, we analyze the extensive margin defined as the (dis)
appearance of firms and exporters due to the changes in the production and exporting
productivity cutoffs. This extensive margin is the focus of Chaney (2008), Arkolakis
(2010), and Eaton et al. (2011), among many others. The longer NBER WP version of
our paper (di Giovanni and Levchenko, 2010) also discusses the impact of the exten-
sive margin coming from changes in the mass of potential firms in the economy, as
in Krugman (1980) and Melitz (2003).

2 This has been documented by Axtell (2001) for the census of U.S. firms, and by di
Giovanni et al. (2011) for the census of French firms. Similar findings obtain for several
European countries (Fujiwara et al., 2004) and Japan (Okuyama et al., 1999). Other
phenomena known to follow power laws include city size, income and wealth, and
CEO compensation (Gabaix, 2009).

http://dx.doi.org/10.1016/j.jinteco.2012.08.002
http://dx.doi.org/10.1016/j.jinteco.2012.08.002
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284 J. di Giovanni, A.A. Levchenko / Journal of International Economics 89 (2013) 283–296
margin of trade. Then, we calibrate the model to the 50 largest
economies in the world, paying special attention to the observed varia-
tion in the fixed costs of starting a business or trading internationally.
Paradoxically, when the canonical heterogeneous firm framework
ideally suited to study the extensivemargin of trade is actually calibrated
to the observed degree of firm heterogeneity, the extensive margin
ceases to matter.

In the quantitative exercise, we first simulate the welfare impact
of a world-wide reduction in the fixed costs of entry and exporting
all the way to the U.S. level— a 6-fold fall in fixed costs for the average
country in the sample. Even such a sizeable improvement leads to an
average increase in welfare of only 3.25%. Second, we reduce the
variable (“iceberg”) trade costs by 10%, and decompose the welfare
impact of this change into the intensive margin – existing exporters
selling more at lower prices – and the extensive margin – new
exporters entering markets. The results are striking: the extensive
margin of foreign varieties accounts for only 5.2% of the total welfare
gains in this policy experiment. By contrast, the intensive margin is
responsible for 98% of the total welfare impact of the fall in the iceberg
costs.3 Finally, we show that Zipf's Law matters a great deal quantita-
tively. We carry out a counterfactual calibration in which the firm
size distribution is instead not fat-tailed. Under this alternative, gains
from a reduction in fixed costs are about 12 times higher, while total
gains from the reduction in iceberg trade costs are 15 times lower. Pre-
dictably, in this counterfactual calibration the extensivemargin of trade
is also more important, accounting for 14.7% of the total welfare impact
of a 10% fall in variable trade costs. Thus, the distribution of firm size
matters a great deal for whether fixed or variable costs have a larger
welfare impact. In fact, depending onwhether the firm size distribution
is fat-tailed, the conclusions are reversed: in Zipf's world fixed costs
matter little, while variable costs a great deal; the opposite is true in
the counterfactual alternative calibration.

What is the intuition for these results? Changes in fixed costs
affect only the behavior of marginal firms; similarly, thewelfare impact
of the extensive margin of international trade comes by definition from
new, marginal exporters. The distribution of firm size contains infor-
mation about the relative importance of the marginal compared to
the infra-marginal firms for welfare. It is especially important to take
this into account because Zipf's Law – a power law with an exponent
close to −1 – is a very fat-tailed distribution.4 Economically, Zipf's
Law implies that the marginal producers and exporters are far less pro-
ductive, and therefore are much smaller and sell much less. As a result,
their weight in the price index (this index corresponding roughly to
the inverse of welfare) is extremely low. By contrast, the infra-
marginal, extremely large firms sell a lot and carry a large weight in
the price index. Therefore, what happens to the large firms has a
first-order impact on welfare. Our calibration exercise allows us to
make this mechanism quantitatively precise. In fact, we show analyti-
cally that in the limit as the model parameters approach Zipf's Law,
the welfare impact of the extensive margin of foreign trade goes to
zero.

Ever since the influential work of Djankov et al. (2002), it has been
known that cross-country differences in the cost of entry by firms are
pronounced. These authors assemble data on the entry regulations in
85 countries, and document that the amount of time, the number of
procedures, and the costs – in either dollar terms or as a percentage
of per capita income – required to start a business vary widely be-
tween countries. The World Bank's Doing Business Initiative collected
data on regulations regarding obtaining licenses, registering property,
3 The disappearing domestic varieties (the domestic extensive margin) have a corre-
spondingly negative welfare impact.

4 A random variable generating a power law with an exponent between −1 and−2
has infinite variance. When the power law exponent is less than 1 in absolute value,
the mean becomes infinite as well.
hiring workers, getting credit, and more. Almost invariably, the data
show that the variation in these regulations across countries is con-
siderable. In addition, in a cross section of countries entry barriers
are robustly negatively correlated with per-capita income and other
measures of welfare. However, using cross-country econometric
models to quantify the size of the impact is difficult, if not impossible.
Our paper presents an alternative approach to welfare analysis. We
use the World Bank's Doing Business Indicators database to calibrate
the observed variation in fixed costs across countries, and show that a
model-based welfare assessment reaches very different conclusions.

Parallel to the research on entry barriers, recent advances in inter-
national trade have focused attention on the role of individual firms,
both in theory and empirics. Many stylized facts have emerged: most
firms do not export, most exporters sell only small amounts abroad,
while the bulk of exports at any one point in time is accounted for by
a relatively small number of firms (see, e.g. Bernard et al., 2007).
The very same model we analyze in this paper has been used in
dozens of studies to examine the firm's decision whether to export
(e.g., Chaney, 2008), or how much to export (e.g., Arkolakis, 2010).
Our analysis suggests that this literature's emphasis on the marginal
firms may have been misplaced, at least when it comes to aggregate
welfare.

Arkolakis et al. (2008) and Arkolakis et al. (2012) show that in
several classes of models, including the standardmodel of monopolistic
competition with endogenous variety adopted in this paper, gains from
trade are summarized by the overall trade volume relative to domestic
absorption. These authors argue that the overall trade volume is a
“sufficient statistic,” and thus information on the extensive margin is
not necessary to estimate the total gains from trade. Atkeson and
Burstein (2010) and Feenstra (2010) show that in two-country hetero-
geneous firm models with free entry and international trade, the
welfare impact of newly imported varieties and existing firms' produc-
tivity upgrading decisions is largely offset by the impact of changes in
net entry, resulting in virtually no net welfare gains from variety.

Relative to these two results, our paper's substantive point is
complementary and distinct. In the sufficient statistic literature, the
extensive margin “doesn't matter” only in the sense that one need
not observe it to estimate the gains from trade. The sufficient statistic
analysis is silent on whether observed changes in the overall trade
volumes, and therefore welfare, are due to the extensive or
intensive margins. Thus, it cannot be used to determine which policy
instruments – for instance, fixed or variable costs – have the greatest
welfare impact. In our analysis, the extensive margin doesn't matter
for a very different, economic reason: the marginal firms are small.
It is thus informative about the role of fixed versus variable costs in
welfare. Our results complement Atkeson and Burstein's (2010) and
Feenstra's (2010) by demonstrating that under Zipf's Law, the
welfare impact of not only the “net extensive margin” – foreign plus
domestic – but also of the “gross extensive margin” – foreign and do-
mestic individually – vanishes. In a sense, this is a stronger result as it
does not depend on the two gross margins canceling out perfectly. In-
stead we show that they are both vanishingly small in absolute value.
Finally, an additional contribution of this paper is quantitative: we
present a systematic assessment of the role of both fixed entry costs
and variable trade barriers for welfare in a calibrated multi-country
model.

Neary (2010) and Bekkers and Francois (2008) depart from the
monopolistic competition paradigm, and develop heterogeneous
firm models that feature strategic interactions between the large
firms. Since we show that under the empirically observed distribution
of firm size the small firms are unimportant, our results are comple-
mentary to the research agenda that seeks a richer model of the inter-
action between the largest firms.

Before moving on to the description of the model, a caveat is in
order for interpreting the results. Our quantitative exercise does not
strictly speaking tell us that the extensive margin does not matter



6 The Pareto assumption is by far the most common distributional assumption made
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for welfare. As such, it is not in direct contradiction with the empirical
studies that find a welfare impact of increased varieties (Broda and
Weinstein, 2006; Goldberg et al., 2009, 2010). First, the extensive
margin in the model need not coincide with the extensive margin
measured in the data. For instance, the extensive margin as measured
in the data corresponds to new varieties at any point of the distribu-
tion, rather than at the cutoff as in our baseline model. Second, our
counterfactual scenario of a 10% reduction in iceberg trade costs
need not be a good approximation of the shocks that affected the
number of varieties in the existing empirical studies. What our results
demonstrate is that if the extensive margin is to matter for welfare, it
would be through channels not captured by the standard model in
this paper. This is important because the literature so far has predom-
inantly used this type of model for the study of the extensive margin.

The rest of the paper is organized as follows. Section 2 presents
the theoretical framework. We show how the parameters of the
model govern the distribution of firm size, and how they can be
mapped into the empirical firm size distribution. We then derive a
number of analytical results that foreshadow the conclusions from
the quantitative exercise. Section 3 solves the model economy nu-
merically and presents the quantitative results. Section 4 concludes.

2. Theoretical framework

The world is composed of N countries, indexed by i, j=1,…,N. In
country i, buyers (who could be final consumers or firms buying in-
termediate inputs) solve

max ∫Ji
Q i kð Þ

ε−1
ε dk

2
4

3
5

ε
ε−1

s:t:
∫Ji

pi kð ÞQi kð Þdk ¼ Xi;

where Qi(k) is the quantity sold of good k in country i, pi(k) is the
price of this good, Xi is total expenditure in the economy, and Ji is
the mass of varieties consumed in country i, coming from all coun-
tries. It is well known that demand for variety k in country i is equal to

Qi kð Þ ¼ Xi

P1−ε
i

pi kð Þ−ε
; ð1Þ

where Pi is the ideal price index in this economy,

Pi ¼ ∫Ji
pi kð Þ1−εdk

h i 1
1−ε

: ð2Þ

Each country has a fixed number of potential (but not actual) en-
trepreneurs ni, as in Chaney (2008), Arkolakis (2010), and Eaton et al.
(2011).5 Each potential entrepreneur can produce a unique variety k,
and faces downward-sloping demand given by Eq. (1). There are both
fixed and variable costs of production and trade. Each entrepreneur's
type is given by the unit input requirement a(k). On the basis a(k),
each entrepreneur in country j decides which, if any, markets to
serve. A firm based in country j that decides to sell to market i must
pay a fixed cost fij, and an iceberg per-unit cost of τij>1, with the ice-
berg cost of domestic sales normalized to one: τjj=1.

There is one factor of production, labor, with country endowments
given by Lj, j=1,…,N. Production uses both labor and intermediate
inputs. In particular, the entrepreneur with unit input requirement
a(k) must use this many input bundles to produce one unit of output.
5 This is an appropriate description of the economy at a given point in time, and thus
the comparative statics based on this model should be interpreted as short- to
medium-run. The NBER WP version of this paper (di Giovanni and Levchenko, 2010)
presents a model in which the mass of potential entrepreneurs can adjust, as in
Krugman (1980) and Melitz (2003). The main quantitative results are similar.
An input bundle has a cost cj=wj
βPj

1−β, where wj is the wage of
workers in country j, and Pj is, as above, the ideal price index of all
varieties available in j. Firm k from country j thus has a marginal cost
τijcja(k) of serving this market i. As is well known, the profit-
maximizing price is a constant markup over marginal cost, pi kð Þ ¼
ε

ε−1τijcja kð Þ, the revenue is equal to Xi

P1−ε
i

ε
ε−1

τijcja kð Þ
� �1−ε

, and the vari-

able profits are a constant multiple 1/ε of revenue.
The production structure of the economy is pinned down by the

number of firms from each country that enter each market. In
particular, there is a cutoff unit input requirement aij, above which
firms in country j do not serve market i. The cutoff aij characterizes
the entrepreneur in jwho earns zero profits from shipping to country i:

aij ¼
ε−1
ε

Pi

τijcj

Xi

εcjf ij

 ! 1
ε−1

: ð3Þ

Closing the model involves finding expressions for aij, Pi, andwi for
all i, j=1,…,N.

We make the standard assumption that productivity, 1/a, is
Pareto(b,θ), where b is the minimum value productivity can take,
and θ regulates dispersion6:

Pr 1=a b xð Þ ¼ 1− b
x

� �θ
:

It is then straightforward to show that the unit input requirement,
a, has a distribution function G(a)=(ba)θ. The price level then be-
comes, after plugging in the expressions for aij in Eq. (3):

Pi ¼
XN
j¼1

∫Jij

ε
ε−1

τijcja kð Þ
h i1−ε

dk

8<
:

9=
;

1
1−ε

¼
XN
j¼1

nj∫
aij
0

ε
ε−1

τijcja
h i1−ε

dG að Þ
0
@

1
A

1
1−ε

ð4Þ

¼ 1
b

θ
θ− ε−1ð Þ

� �−1
θ ε
ε−1

Xi

ε

� �−θ− ε−1ð Þ
θ ε−1ð Þ XN

j¼1

nj τijcj
� �−θ

cj f ij
� �−θ− ε−1ð Þ

ε−1

0
@

1
A−1

θ

⋅ð5Þ

We impose balanced trade for each country, and use the convenient
property (originally noted by Eaton and Kortum, 2005) that total
profits in the economy are a constant multiple of Xi: Πi ¼ ε−1

θε Xi.
7

Since total sales in the economy are equal to Xi, and the total profits
are ε−1

θε Xi, the total spending on inputs is 1− ε−1
θε

� 	
Xi. Labor receives a

constant fraction β of the spending on inputs. Thus, total spending in
country i is a constant multiple of its total labor income:

Xi ¼
1

β 1− ε−1
θε

� 	wiLi: ð6Þ

The value of exports from country i to country j can be written as:

Xji ¼
Xj

P1−ε
j

ε
ε−1

τjici
� �1−ε

ni
bθθ

θ− ε−1ð Þ a
θ− ε−1ð Þ
ji :
in the heterogeneous firm models. As we show below, it leads to a power law relation-
ship in firm size. An alternative would be to assume a lognormal distribution with a
high enough variance. However, Luttmer (2007) argues thata power law relationship
fits the distribution of firm size significantly better than the lognormal distribution.

7 The NBERWP version of this paper (di Giovanni and Levchenko, 2010) presents the
proof.



8 Crozet and Koenig (2010, henceforth CK) use French firm-level export data and
within-France geographical location to provide structural estimates of θ and ε at sector
level, and find values that imply θ/(ε−1) much higher than 1. However, (i) their struc-
tural estimates are most likely inconsistent with other relationships implied by their
own model, namely sales distributions; and (ii) there are important reasons to suspect
the validity of these estimates because of inconsistencies in their estimation
procedures. The structural model adopted by CK implies export sales to an individual
destination follow a power law with exponent θ/(ε−1). The sector-level estimates of
θ/(ε−1) based on the sales distributions in di Giovanni et al. (2011) reveal values close
to 1. In our view the estimates reported in di Giovanni et al. (2011) paper are more re-
liable, because while CK's procedure is based on estimating three structural equations,
and thus relies fully on three model-implied relationships, estimates in di Giovanni et
al. (2011) are much more parsimonious, based on just one equation. In addition, the
third estimating equation in CK is not internally consistent. It backs out the
θ−(ε−1) combination of parameters based on the cumulative sales of all firms with
marginal cost less than a. To proxy for a, they use Olley–Pakes TFP estimates, which
are revenue-based, whereas a is physical productivity. Revenue-based TFP, unlike true
physical marginal cost a, is not distributed Pareto(θ), since more productive firms will
charge lower prices. Thus, CK's third estimating equation is not precisely specified, and
the coefficient in that equation should not be thought of as θ−(ε−1). Indeed, it is
clear that this equation is responsible for the divergence between di Giovanni et al.'s
(2011) estimates and CK's results: Zipf's Law implies that θ−(ε−1) is close to zero,
whereas CK's coefficients in the third equation are between about 1.5 and 3.

9 Other related results also shed light on how fat-tailed size distributions are. For in-
stance, it turns out that measures of Balassa revealed comparative advantage
(Hinloopen and van Marrewijk, 2006) and highly disaggregated trade flows (Easterly
et al., 2009) also follow power laws with an exponent close to −1.
10 Welfare is proportional to the real wage even though in this economy there are
profits. At noted above, profits are a constant multiple of the total expenditure, while
due to the Cobb–Douglas functional form of the input bundle, the wage bill wiLi is a
constant multiple of total expenditure as well. Hence, the total profits in the economy
are a constant multiple of the wage bill, making the total welfare proportional to the
real wage. See Eq. (6).
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Using the expression for aji in Eq. (3), and Pj in Eq. (5), total exports
from i to j become:

Xji ¼
ni τjici
� �−θ

cif ji
� �−θ− ε−1ð Þ

ε−1

∑N
l¼1nl τjlcl

� �−θ
clf jl
� �−θ− ε−1ð Þ

ε−1

Xj: ð7Þ

Using the trade balance conditions, Xi=∑ j=1
N Xji for each i=

1,…,N, the expression for Xi in Eq. (6), and the definition of ci leads
to the following system of equations in wi:

wiLi ¼
XN
j¼1

ni τjiw
β
i P

1−β
i

� �−θ
wβ

i P
1−β
i f ji

� �−θ− ε−1ð Þ
ε−1

∑N
l¼1nl τjlw

β
l P

1−β
l

� �−θ
wβ

l P
1−β
l f jl

� �−θ− ε−1ð Þ
ε−1

wjLj; ð8Þ

i=1,…,N. There are N−1 independent equations in this system,
which can be solved for wages in N−1 countries given a numéraire
wage in the remaining country. The wages and the price levels in all
countries are determined jointly by Eq. (8) for wages and Eq. (5) for
prices. We will solve these numerically in order to carry out the
main quantitative exercise in this paper.

2.1. The distribution of firm size: model and data

Denote the sales of an individual firm k by x(a(k)). Firm sales x fol-
low a power law if

Pr x > sð Þ ¼ cs−ζ
: ð9Þ

When the exponent ζ is close to 1 in absolute value, the distribu-
tion is known as Zipf's Law. It has been argued that in the data, the
firm sales distribution is quite well approximated by Zipf's Law.
Thus, the empirical firm size distribution places a key restriction on
important parameter values in models with heterogeneous firms.

Calibrating a trade model in which not all firms export to the firm
size data requires some care. The conventional estimation approach
is to fit a power law relationship in Eq. (9) to total firm sales (see,
e.g. Axtell, 2001, for a prominent example). As argued at length by di
Giovanni et al. (2011), in a model with selection into exporting total
firm sales will not follow a power law, and thus there is no simple
combination of parameters that can be set equal to the conventional
empirical power law estimate. However, di Giovanni et al. (2011)
also provide a solution to this problem, by suggesting two alternative
approaches to calibrate heterogeneous firm models to the firm size
data. The key is to notice that while in the model total sales do not
follow a power law, domestic sales do. To see this, note that in the
model, the domestic sales of a firm as a function of its unit input re-
quirement are: x(a)=Ca1−ε, where the constant C reflects market
size, and we drop the country subscripts. Under the assumption that
1/a∼Pareto(b,θ), the power law follows:

Pr x > sð Þ ¼ Pr Ca1−ε
> s

� �
¼ Pr

1
a
>

s
C

� � 1
ε−1

� �
¼ bε−1C

s

 ! θ
ε−1

;

satisfying Eq. (9) for c ¼ bε−1C
� � θ

ε−1 and ζ ¼ θ
ε−1.

The key point for connecting the model to the data is that in the
model, domestic sales follow a power law with the slope of θ

ε−1.
Since this exponent can also be estimated in the data, what we ob-
serve in the data is informative about this combination of parameters.
What do the data tell us about the domestic sales ζ? Di Giovanni et al.
(2011) report a range of estimates of the power laws in domestic
sales, all of which are quite close to 1. The mid-range estimate in di
Giovanni et al. (2011) is 1.06, which is the value used throughout
this paper.8

The question remains whether Zipf's Law obtains in the domestic
sales distributions of many countries. Currently, no comprehensive
set of results exists. Axtell (2001) estimates a power law for firm
size in the U.S., and reports a range of estimates of ζ between 0.996
and 1.059, very precisely estimated with standard errors between
0.054 and 0.064. Evidence for a limited set of European countries is
presented by Fujiwara et al. (2004) and for Japan by Okuyama et al.
(1999). In Appendix B, we use ORBIS – the largest publicly available
firm-level dataset covering a large number of countries – to show
that firm size distributions are well approximated by a power law,
with exponents quite close to −1 in most countries.9 In addition to
the paucity of estimates based on total sales, there are no existing re-
sults that take explicit account of selection into exporting, and report
estimates based on domestic rather than total sales. However, by
comparing the power law estimates based on total and domestic
sales, di Giovanni et al. (2011) show that the bias introduced by selec-
tion into exporting is typically not large for France, and thus empirical
power law estimates based on total sales probably give a reasonably
accurate ballpark estimate of the degree of dispersion in domestic
sales as well.

To summarize, empirical estimates of the distribution of firm size
put discipline on the parameters of the Melitz–Pareto model. In partic-
ular, existing estimates suggest that θ

ε−1 is very close to 1. As we show
in a series of exercises below, this has striking implications regarding
gains from reductions in entry barriers and trade costs and the relative
importance of intensive and extensive margins.
2.2. Entry costs, trade openness, and the magnitude of gains from trade

We now present a number of analytical results about the relative
importance of fixed costs, trade openness, and the extensive margin
for welfare. Real income per capita in country i is proportional to
wi/Pi, which is also a measure of welfare.10 It is possible to use trade
shares to simplify the expression for the price level. Define πij≡Xij/Xi

to be the share of total spending in country i on goods from country



11 The gains from trade can be calculated by observing that autarky welfare is given
by Eq. (10) when πii=1.
12 This latter condition is likely to be satisfied in the data. Typical estimates of ε range
from 3 to 10, while β is on the order of 0.5 (Jones, 2011).
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j. Using Eq. (7), setting i= j and rearranging yields the following rela-
tionship:

XN
l¼1

nl τilclð Þ−θ cl f ilð Þ−1 ¼ 1
πii

ni cið Þ−θ ci f iið Þ−θ− ε−1ð Þ
ε−1 :

Plugging this expression into the price level (Eq. (5)) and re-
arranging, welfare in this economy can be written as:

wi

Pi
¼ 1

b
θ

θ− ε−1ð Þ
� �−1

θ ε
ε−1

n−1
θ

i
Li

f iiεβ 1−ε−1
εθð Þ

� �−θ− ε−1ð Þ
θ ε−1ð Þ

π
1
θ

ii

( )−
1
Β ð10Þ

where Β≡β− 1−βð Þθ− ε−1ð Þ
θ ε−1ð Þ . This allows us to represent real income per

capita in each country relative to the U.S. as a product of several compo-
nents:

wi=Pi

wUS=PUS
¼ ni

nUS

� � 1
θΒ Li

LUS

� �θ− ε−1ð Þ
θ ε−1ð ÞΒ f ii

f US;US

 !θ− ε−1ð Þ
θ ε−1ð ÞΒ πii

πUS;US

 ! 1
θΒ

:

A special case of this expression is obtained if we adopt the as-
sumption in Alvarez and Lucas (2007) and Chaney (2008) that the
number of productivity draws in each country is proportional to its
size: ni=γLi, where γ is a constant. In that case, income differences
can be decomposed as:

wi=Pi

wUS=PUS
¼ Li

LUS

� � 1
ε−1ð ÞΒ f ii

f US;US

 !−θ− ε−1ð Þ
θ ε−1ð ÞΒ πii

πUS;US

 !− 1
θΒ

:

This expression is similar in spirit to Waugh (2010), with some
key differences. The similarity is in the contribution of trade to
income differences, which is summarized simply by the relative open-
ness (πii/πUS,US). The difference is that in our model entry costs also
matter (the fii/fUS,US term), and there is a market size effect such that
larger countries have lower price levels and higher real per-capita
incomes, all else equal.

We can get a sense of the magnitudes involved by examining both
the variation in the relative fixed costs and openness, as well as the
exponents. We choose the parameter values as follows: β=0.5
from Jones (2011), ε=6 (Anderson and van Wincoop, 2004), and
θ=5.3, designed to match the power law exponent in domestic
sales, θ

ε−1 ¼ 1:06 (di Giovanni et al., 2011). Then, the exponents in
the expression above become:

wi=Pi

wUS=PUS
¼ Li

LUS

� �0:40 f ii
f US;US

 !−0:02
πii

πUS;US

 !−0:38

:

It is immediate that the relative fixed costs will matter far less
than the other two terms. In a Zipf economy, what is really important
for welfare is the presence of the large, very productive firms, which
are inframarginal and not affected much by the level of fixed costs.

Tomake this more precise, we use theWorld Bank's Doing Business
Indicators to measure variation in fii/fUS,US present in the data, and
compute how much per-capita income variation those can generate.
It turns out that the country at the 95th percentile of the fixed cost
distribution has an fii that is between 16 and 658 times the U.S. value,
depending on the precise indicator we use. Plugging those ratios into
the equation above, we get that the country at the 95th percentile of
fixed entry costs has an income level between 0.86 and 0.94 that
of the U.S., all else equal. In a Zipf economy, differences in fixed costs
of entry cannot generate large per-capita income – and welfare –

differences.
What about trade? In the sample of the 49 largest economies by

total GDP, the ratio πii/πUS,US for the economy in the 95th percentile
of openness is 0.577. Taking that to the correct exponent implies
that this country has an income level 1.23 times that of the U.S.
While the absolute variation in πii/πUS,US in the data is far lower than
the variation in fixed costs, the impact of trade openness on welfare
is larger.

The distribution of firm size matters for these magnitudes. To see
what happens when we depart from Zipf's Law, we set θ

ε−1 equal to 2
(implying a value of θ=10 given our chosen elasticity of substitution).
When the exponent on the power law in firm size is greater than or
equal to 2, the distribution of firm size has finite variance. Thus, in
this alternative calibration we set the exponent on the power law in
firm size to be the smallest such that the distribution still has a finite
variance.

In a non-Zipf economy, the exponents change dramatically: on the
fii/fUS,US term, the exponent goes up from 0.02 to 0.22 in absolute
value, a tenfold increase. By contrast, the exponent on the πii/πUS,US
term drops by almost half, from 0.38 to 0.22. This implies that the
importance of fixed costs rises: now, a country in the 95th percentile
of the fii distribution has an income level between 0.23 and 0.54 that
of the U.S. By contrast, the contribution of trade drops by half: the
country in the 95th percentile of trade openness has income per
capita only about 1.12 times the U.S. level.

As a related point, the shape of the firm size distribution matters a
great deal for the magnitude of gains from trade. In this model, gains
from trade are equal to11:

π− 1
θΒ

ii : ð11Þ

At a given πii, gains from trade are decreasing in θ
ε−1 as long as

βε>1.12 In other words, the closer is the economy to Zipf's Law, the
larger are the gains from trade. This is intuitive: in the world domi-
nated by ultra-productive firms, the big gains from trade come from
having access to those extremely productive foreign varieties. Using
the values of β, ε, and θ described above, in the sample of 50 largest
economies in the world, average gains from trade are 13%, with a
standard deviation of 11% across countries. Assuming instead that
θ

ε−1 ¼ 2 (the firm size distribution is not fat-tailed) reduces the esti-
mated mean gains almost in half (to 7%), and the variation across
countries in half as well (standard deviation of 6%).

We note the connections between our results and others in the
literature. Bernard et al. (2003) also use firm/plant data to calibrate
a quantitative trade model with firm-level heterogeneity. Although
they use a different framework, by calibrating to firm-level data
they also obtain a lower value of θ than what is implied by alternative
estimation procedures, and in turn, larger overall welfare gains from
trade. Something similar is taking place in our analysis: when
calibrating the model using firm-level data, we find a value of θ close
to 5, which is at the lower end of the estimates from the gravity litera-
ture. On a related note, the choice of ε=6 and θ

ε−1 ranging from 1 to 2
corresponds to θ between 5 and 10, which is the same range of θs con-
sidered in Arkolakis et al. (2012).

2.3. Extensive vs. intensive margins

The Zipf economy is one dominated by few large producers, that
are not likely to be “marginal” exporters. Intuitively, this suggests
that the distribution of firm size will also affect the relative impor-
tance of intensive versus extensive margins for welfare. In this sub-
section we examine analytically the importance of the two margins.
The conclusion is striking: as the firm-size distribution converges to
Zipf's Law, the welfare impact of the extensive margin of exports
(or indeed domestic production) goes to zero.



13 The closed-form expression for the extensive margin in terms of exogenous pa-

rameters is: G aXð Þ ¼ ε−1
ε
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;where Ω≡ θ βε−1ð Þ
θ βε−1ð Þþ 1−βð Þ ε−1ð Þ.
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The price level, Eq. (4), can be rewritten as a function of the exten-
sive margin as follows:

Pi ¼
ε

ε−1
bε−1 θ

θ− ε−1ð Þ
XN
j¼1

nj τijcj
� �1−ε

G aij
� �θ− ε−1ð Þ

θ

0
@

1
A

1
1−ε

: ð12Þ

Here, the price level is expressed in terms of the share of firms
from country j supplying country i, G(aij), which is precisely the
extensive margin: a change in G(aij) is exactly the increase in the
number (mass) of firms supplying market i. To derive the analytical
result in the simplest way, let us assume that the countries are sym-
metric: Li=L, ni=n, fii= f ∀ i, and τij=τ, fij= fX ∀ i, j, j≠ i. In that
case, wages are the same in all countries, and we normalize them to
1. The price levels are the same in all countries as well, and thus
dropping the country subscripts we obtain:

P ¼ ε
ε−1

bε−1 θ
θ− ε−1ð Þn G aDð Þ

θ− ε−1ð Þ
θ þ N−1ð Þτ1−εG aXð Þ

θ− ε−1ð Þ
θ

� �
 � 1
β 1−εð Þ

;

ð13Þ

where aD is the cutoff for domestic production, and aX is the cutoff for
exporting. These are of course the same across all countries as well.

Note that since wages are normalized to 1, the total welfare in this
economy is simply W=1/P. We are now ready to evaluate the rela-
tive importance of the extensive and intensive margins. Imagine
that there is a reduction in trade costs τ. This reduction will affect
both the prices that existing exporters charge in the domestic market,
given by p kð Þ ¼ ε

ε−1τca kð Þ, and the mass of firms serving the market,
G(aX). The elasticity of welfare with respect to the extensive and the
intensive margins is described in the following proposition.

Proposition 1. With symmetric countries,

lim
θ

ε−1→1

d logW
d logG aXð Þ ¼ 0

and

lim
θ

ε−1→1

d logW
d log p

> 0:

Proof. From the expression for the price level (Eq. (13)), it is imme-
diate that the elasticity of welfare with respect to the extensive
margin is equal to:

d logW
d log G aXð Þ ¼

1
β
θ− ε−1ð Þ

θ
N−1ð Þτ1−εG aXð Þθ− ε−1ð Þ

θ

G aDð Þθ− ε−1ð Þ
θ þ N−1ð Þτ1−εG aXð Þθ− ε−1ð Þ

θ

:

As the economy approaches Zipf's Law – θ→(ε−1) – the welfare

impact of the extensive margin goes to zero: d log W
d log G aXð Þ→0.

The same is not true for the intensive margin. The price p that each
exporter charges in the domestic market is proportional to τ. Therefore,
the elasticity of welfare with respect to the intensive margin equals:

d logW
d log p

¼ 1
β

N−1ð Þτ1−εG aXð Þθ− ε−1ð Þ
θ

G aDð Þθ− ε−1ð Þ
θ þ N−1ð Þτ1−εG aXð Þθ− ε−1ð Þ

θ

:

The welfare impact of the intensive margin clearly does not con-
verge to zero as θ→(ε−1). □

What is the intuition for these results? In a Zipf economy the most
productive firms are vastly better than the marginal firms. As a result,
most of the welfare impact of trade is driven by what happens to
these best firms, rather than by whether trade liberalization leads to
new entry. That is, a reduction in trade costs impacts welfare mainly
because the “major brands” – Sony, Panasonic, etc. – become cheaper,
rather than because many additional inferior brands of television sets
become available.

The statement of the propositionmay be somewhat unconventional
in the sense that the comparative statics are with respect to the exten-
sivemargin of imports G(aX), which is itself an endogenous object and a
functionofmodel parameters. This is done for expositional simplicity, in
order to convey the point that the welfare impact through the extensive
margin of any parameter change that we could consider is negligible in
the limit. To be completely rigorous, we could have stated the results
with respect to the impact of each parameter in the model ξ (which
could be fixed or variable trade costs, L, n, etc.) on welfare through the

extensive margin, d log W
d log G aXð Þ

d log G aXð Þ
d log ξ . It is easily verified that for any

exogenous parameter, d log G aXð Þ
d log ξ is finite.13 Thus, the proposition that

the derivative d log W
d log G aXð Þ

d log G aXð Þ
d log ξ goes to zero in the limit as θ→(ε−1)

holds.
This discussion shows that the conclusions about the impact of

entry barriers, international trade, and the extensive margin are very
sensitive to the assumption about the shape of the firm size distribu-
tion. All else equal, the fixed costs of production and exporting and
the extensive margin matter less as the economy approaches Zipf's
Law.

Before proceeding to the quantitative assessment of the importance
of entry costs and the intensive and extensive margins of trade in a
multi-country calibrated model, it is worth making two additional
remarks regarding our modeling approach to fixed costs. Arkolakis
(2010) develops a framework in which the fixed costs of entry are
replaced by smoother market penetration costs, and firms choose not
just whether to enter markets, but also what share of consumers to
serve in each market. Appendix A.1 presents the model with market
penetration costs, and shows that proportional changes in welfare
obtained in that model are identical to those in a simple fixed costs
model of the main text. This result holds for all parameter values that
govern the distribution of firm size and the curvature of market pene-
tration costs. In addition, we show that as the distribution of firm size
converges to Zipf's Law, the level of welfare in that model also becomes
identical to the baseline model. This is because under Zipf's Law, what
matters most for welfare are the very large firms, which are least
affected by the introduction of the market penetration margin. The
large firms choose to penetrate markets fully, making their sales nearly
the same as what they would be in a simple fixed cost model.

Second, as pointed out by Eaton et al. (2011) among others, there
is evidence that not all exporters face the same fixed costs of entering
foreign markets. Appendix A.2 develops an extension of the model
with heterogeneous export entry costs, and shows that the results
are unchanged by that alternative modeling approach as well. For
these reasons, we choose to adopt the standard formulation of fixed
costs of entry in our analysis.

3. Quantitative assessment

In order to implement the model numerically, we find the wages
and price levels for each country, wi and Pi that satisfy the system of
equations given by Eqs. (5) and (8). To solve this system, we calibrate
the values of Li, ni, τij, and fij for each country and country pair, as well
as the parameters common to all countries.



15 In our calibration, individuals differ across countries in their efficiency units of
labor. Taking the Doing Business Indicator data literally in light of differences in effi-
ciency units of labor would compress the variation in fii and fij across countries, and
lead to an even smaller welfare impact of the reductions in f's, making our results even
more dramatic. This is because countries with low efficiency units of labor are also the
countries with high fii's. As an example, suppose that the Doing Business Indicators da-
tabase says that it takes 10 days to start a business in Mexico, and 1 day in the U.S. And
suppose that when we calibrate efficiency units of labor, we find that one U.S. worker
(workday) is 10 times as productive as one Mexican worker (workday). In that case, it
takes the same amount of efficiency units of labor – one U.S. worker/workday – to start
a business in the U.S. as in Mexico. Thus, the patterns in the data are such that account-
ing for differences in efficiency units of labor will only reduce the variation in fij's across
countries. The variation in efficiency units of labor observed in the data does not apply
as much to the values in the Doing Business Indicators. While for a variety of reasons –
adoption of technologies, quantity and quality of capital, etc. – workers in different
countries have very different efficiencies in production of output, it is much less clear
that efficiency differences should be equally large for the activities that the Doing
Business Indicators measure, such as visiting government offices, filling out forms,
and getting permits.
16 An earlier version of the paper carried out the analysis setting the bilateral fixed
cost to be the sum of domestic costs of starting a business in the source and destination
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3.1. Calibration

The elasticity of substitution is ε=6. Anderson and van Wincoop
(2004) report available estimates of this elasticity to be in the range
of 3 to 10, and we pick a value close to the middle of the range. The
key parameter is θ, as it governs the slope of the power law. As
described above, in this model domestic sales follow a power law
with the exponent equal to θ

ε−1. In the data, domestic sales follow a
power law with the exponent close to 1. Di Giovanni et al. (2011)
report the value of 1.06, which we use to find θ given our preferred
value of ε: θ=1.06×(ε−1)=5.3. As mentioned above, we set the
share of intermediates β=0.5, following Jones (2011).

For finding the values of Li, we follow the approach of Alvarez and
Lucas (2007). First, we would like to think of L not as population per
se, but as “equipped labor,” to take explicit account of TFP and capital
endowment differences between countries. To obtain the values of L
that are internally consistent in the model, we start with an initial
guess for Li for all i=1,…,N, and use it to solve the model. Given the
vector of equilibrium wages, we update our guess for Li for each coun-
try in order tomatch the ratio of total GDPs between each country i and
the U.S. Using the resulting values of Li, we solve for the new set of
wages, and iterate to convergence (for more on this approach, see
Alvarez and Lucas, 2007). Thus, our procedure generates vectors wi

and Li in such a way as to match exactly the relative total GDPs of the
countries in the sample. In practice, the results are close to simply
equating Li to the relative GDPs of the countries. In this procedure,
we must normalize the population of one of the countries. We thus
set LUS to its actual value of 291 million as of 2003, and compute Li of
every other country relative to this U.S. value. Finally, we set ni in pro-
portion to Li. That is, the country's endowment of entrepreneurs is
simply proportional to its “equipped labor” endowment. An important
consequence of this assumption is that countries with higher TFP and
capital abundance will have a greater number of potential productivity
draws, all else equal. This is an assumption adopted by Alvarez and
Lucas (2007) and Chaney (2008). We set nUS=10,000,000, that is,
there are ten million potential firms in the U.S. In this calibration it im-
plies that there are about 9,500,000 operating firms there. According to
the 2002 U.S. Economic Census, there were 6,773,632 establishments
with a payroll in the United States. There are an additional 17,646,062
business entities that are not employers, but they account for less
than 3.5% of total shipments. Thus, choosing nUS=10,000,000 gets
the correct order of magnitude for the number of firms.

Next, we must calibrate the values of τij for each pair of countries.
To do that we use the set of gravity estimates from the empirical
model of Helpman et al. (2008). That is, we combine geographical
characteristics such as bilateral distance, common border, common
language, whether the two countries are in a currency union and
others, with the coefficient estimates reported by Helpman et al.
(2008) to calculate values of τij for each country pair. Note that in
this formulation, τij=τji for all i and j.

Finally, we must take a stand on the values of fii and fij. The Doing
Business Indicators database (The World Bank, 2007a) collects infor-
mation on the administrative costs of setting up a firm – the time it
takes, the number of procedures, and the monetary cost – in a large
sample of countries in the world. The particular variable we use is
the amount of time required to set up a business. We favor this indi-
cator compared to others that measure entry costs either in dollars or
in units of per capita income, because in our model fii is a quantity of
inputs rather than value. As we must normalize fii for one country, we
set the absolute level of fUS,US to ensure an interior solution for the
domestic production cutoff.14 Then, if according to the Doing Business
14 That is, we set fUS,US to a level just high enough that ajib1/b for all i, j=1,…,N in all
the baseline and counterfactual exercises, with 1/b being the upper limit of the distri-
bution of a(k).
Indicators database it takes 10 times longer to register a business in
country i than in the U.S., fii=10× fUS,US.15

To measure the fixed costs of international trade, we use the
Trading Across Borders module of the Doing Business Indicators.
This module provides the costs of exporting a 20-foot dry-cargo con-
tainer out of each country, as well as the costs of importing the same
kind of container into each country. Parallel to our approach to setting
the domestic cost fii, the indicators we choose are the amount of time
required to carry out these transactions. This ensures that fii and fij are
measured in the same units. We take the bilateral fixed cost fij to be
the sum of the two: the cost of exporting from country j plus the
cost of importing into country i.16 The foreign trade costs fij are on
average about 40% of the domestic entry costsfii. This is sensible, as
it presumably is more difficult to set up production than to set up a
capacity to export.

We carry out the analysis on the sample of the largest 49 countries
by total GDP, plus the 50th that represents the rest of the world.17

These 49 countries together cover 97% of world GDP. We exclude
entrepôt economies of Hong Kong and Singapore, both of which
have total trade well in excess of their GDP, due to significant
re-exporting activity. Thus, our model is not intended to fit these
countries. (We do place them into the rest-of-the-world category.)
The country sample, sorted by total GDP, is reported in Table A1.

3.2. Model fit

As described above, our iterative procedure ensures that the ratio
of total GDPs in the model for any two countries matches exactly the
ratio of the total GDPs in the data. Since one of the goals of the paper
is to examine the role of trade openness in welfare, it is also impor-
tant that the model produces bilateral and overall trade volumes
that are close to the data.

Fig. 1a reports the scatterplot of bilateral trade ratios πij=Xij/Xi.
On the horizontal axis is the natural log of πij that comes from the
model, while on the vertical axis is the corresponding value of that bi-
lateral trade flow in the data. Hollow dots represent exports from one
country to another, πij, i≠ j. Solid dots, at the top of the scatterplot,
represent sales of domestic firms as a share of domestic absorption,
πii. For convenience, we added a 45-degree line. It is clear that the
trade volumes implied by the model match the actual data well.
countries: fij= fii+ fjj. This approach may be preferred if fixed costs of exporting in-
volved more than just shipping, and required, for instance, the exporting firm to create
a subsidiary for the distribution in the destination country. The results were virtually
identical.
17 We set the parameters, such as τij and fij, for the rest-of-the-world category as the
average values among the remaining countries in the world.
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Fig. 1. Bilateral trade shares and trade openness: data and model predictions. Notes:
Figure (a) reports the scatterplot of domestic output (πii) and bilateral trade (πij),
both as a share of domestic absorption. Solid dots represent observations of πii, while
hollow dots represent bilateral trade observations (πij). Both axes are in log scale.
Figure (b) reports the scatterplot of total imports as a share of domestic absorption
(1−πii). In both figures, the values implied by the model are on the horizontal axis; ac-
tual values are on the vertical axis, and the line through the data is the 45-degree line.
Source: International Monetary Fund (2007).

Table 1
Bilateral trade shares: data and model predictions for the 50-country sample.
Source: International Monetary Fund (2007).

Model Data

Domestic sales as a share of domestic absorption (πii)
Mean 0.7070 0.7555
Median 0.7086 0.7982
Corr(model, data) 0.4900

Export sales as a share of domestic absorption (πij)
Mean 0.0060 0.0047
Median 0.0027 0.0011
Corr(model, data) 0.7171

Notes: This table reports the means and medians of domestic output (top panel), and
bilateral trade (bottom panel), both as a share of domestic absorption, in the model
and in the data.

18 To be precise, we set the cost of setting up a firm, fii= fUS,US, and then we set the
cost of importing to any country i to the cost of importing to the U.S., and set the cost
of exporting from any country i to the cost of exporting from the U.S. Thus the fixed
cost of exporting between any two countries fij in the counterfactual becomes equal
to the fixed cost of exporting from the U.S. plus the fixed cost of importing into the U.S.
19 Without input linkages (ci=wi), since by construction fij affects entry but not the
variable costs of existing firms, we can think of these welfare gains as coming from
the extensive margin. In the presence of input–output linkages, this is not strictly
speaking correct because of general equilibrium effects: entry affects the price levels
in each country, which in turn enter the marginal costs of each operating firm, and thus
can have an impact through the intensive margin as well. Separating out the positive
intensive margin effect would leave an even smaller direct extensive margin effect of
reductions in entry costs.
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Most observations are quite close to the 45-degree line. It is especially
important that we get the overall trade openness (1−πii) right, since
that will drive the gains from trade in each country. Fig. 1b plots the
actual values of (1−πii) against those implied by the model, along
with a 45-degree line. We can see that though the relationship is
not perfect, it is close.

Table 1 compares the means and medians of πii and πij's for the
model and the data, and reports the correlations between the two.
The correlation between domestic shares πii in the model and in the
data for this sample of countries is around 0.49. The means and the
medians look very similar as well, with the countries in the model
slightly more open on average than the data. The correlation between
export shares, πij, is actually higher at 0.72.

Overall, the model fits bilateral trade data well. This is of course
not surprising, as the Helpman et al. (2008) coefficient estimates
are based on the gravity relationship, which is well known to fit
trade data quite well. Nonetheless, since our calibration procedure
does not use explicit information on actual trade flows, we must
check the fit to actual trade. We now turn to the analysis of welfare
gains from reduction in entry costs and trade barriers implied by
the model.
3.3. Counterfactual I: reduction in entry costs

Using the calibrated model above, the first counterfactual we per-
form is a reduction in the fixed costs of entry fii and fij. We simulate a
complete harmonization of entry costs across the world, such that
entry costs everywhere are the same as in the U.S.18 This is a substan-
tial improvement. As first shown by Djankov et al. (2002), the differ-
ences in these fixed costs are substantial across countries. In our
sample of the world's 49 largest economies, it takes on average 6
times longer to start a business compared to the U.S. For a country
at the 75th percentile of the distribution, it takes almost 8 times lon-
ger, and the country with the highest entry costs in this sample – Bra-
zil – it takes 25 times longer than in the U.S. This experiment also
entails a substantial drop in the fixed costs of cross-border trade.
The average exporting cost in this sample is 3 times higher than in
the U.S., and the average importing cost is 4 times higher.

Table 2 reports the associated welfare gains. The top panel pre-
sents the baseline calibration, in which the firm-size distribution is
set to match Zipf's Law. The welfare gains are small. Even a dramatic
drop (6-fold on average) in the fixed costs of production and
exporting improves welfare by only 3.26% on average. It could be
that this average number is hiding a lot of heterogeneity, since differ-
ent countries are experiencing a different size reduction in trade
costs. In parentheses below the average value, we report the range
of welfare gains in the entire sample. We can see that even in the
country that gains the most from this institutional improvement,
the gain is only about double the average, at 7.32%.19 Zipf's Law mat-
ters a great deal for this conclusion. The bottom panel reports the al-
ternative counterfactual calibration, in which θ/(ε−1)=2. The
welfare gain from the same reduction in entry barriers is on average
40.87% in the non-Zipf world, 12 times higher than in the Zipf's Law



Table 2
Welfare gains.

Counterfactual Total change
in welfare

Intensive
margin

Extensive margin

Foreign Domestic

θ
ε−1 ¼ 1:06 (Zipf's world)

Complete
harmonization
of entry costs

3.26
(0.03, 7.32)

10% reduction
in τ

4.33 4.23 0.21 −0.11
(0.28, 8.26) (0.28, 8.06) (0.02, 0.34) (−0.14, −0.03)

0.980 0.052 −0.032

θ
ε−1 ¼ 2

Complete
harmonization
of entry costs

40.87
(0.00, 104.78)

10% reduction
in τ

0.28 0.27 0.038 −0.025
(0.01, 1.72) (0.01, 1.64) (0.000, 0.194) (−0.114,−0.001)

0.968 0.147 −0.115

Notes: This table reports the welfare changes, in percentage points, due to each
counterfactual experiment. The numbers in parentheses indicate the range across the
50 countries in the sample. The numbers in bold give the share of each margin
(intensive, foreign extensive, and domestic extensive) in the total welfare impact.
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calibration. The range is also greater: the country gaining the most
more than doubles its welfare.20

The intuition for this result is that the distribution of firm size
contains information on the relative importance of the marginal and
the inframarginal varieties. Under Zipf's Law, the inframarginal
varieties – the very large firms – are overwhelmingly more important
than the marginal varieties. Thus, since the high entry costs do not
affect the entry decision of the very large firms, they do not have
much impact on welfare. As our quantitative exercise demonstrates,
this is true even in a model with a substantial intermediate input
multiplier. As we move away from Zipf's Law, the distribution of
firm size becomes flatter. As a result, entry of the marginal firms,
and consequently the fixed costs of entry, become more important
for welfare.

3.4. Counterfactual II: reduction in variable trade barriers

Consider a global reduction in trade costs τij. How will it affect
welfare, and what will be the relative importance of the intensive
and the extensive margins? We know that welfare in this model is
proportional to real income, Wi=wi/Pi. From Eq. (12), welfare can
be expressed, up to a constant that is the same in all countries and
trade regimes, as follows:

Wi ¼
XN
j¼1

nj τij
cj
ci

� �1−ε
G aij
� �θ− ε−1ð Þ

θ

2
4

3
5 1

β ε−1ð Þ

: ð14Þ

A reduction in trade costs will impact the intensive margin, by
making existing goods cheaper. That is captured by the τij

cj
ci
term.

Additionally, welfare will increase due to the extensive margin, by
leading to a greater number of varieties. This is captured by the
20 An interesting question is how large is the role of international trade in generating
this welfare gain. To get a sense of this, we calculated the gains from the same reduc-
tion in fixed costs of entry under the assumption that each country is in autarky. It
turns out that the magnitude of the autarky gains is very similar. For instance, in the
Zipf calibration the autarky gain is 3.47%, compared to 3.26% in the baseline open econ-
omy case. We conjecture that the average autarky percentage gain is slightly higher
because in the absence of the possibility of importing, it is more important to have ac-
cess to the most domestic varieties.
G(aij) term. Using a Taylor expansion, we can write the proportional
increase in welfare as a function of the two margins:

ΔWi

Wi
≈ 1

β

XN
j¼1

φij −
Δ τij

cj
ci

� �
τij

cj
ci|fflfflfflfflfflfflffl{zfflfflfflfflfflfflffl}

Intensive Margin

þ θ− ε−1ð Þ
θ ε−1ð Þ

ΔG aij
� �

G aij
� �

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
Extensive Margin

2
6666664

3
7777775; ð15Þ

where φij is the weight of country j in country i's price level:

φij≡
nj τijcj
� �1−ε

G aij
� �θ− ε−1ð Þ

θ

∑N
l¼1nl τilclð Þ1−εG ailð Þθ− ε−1ð Þ

θ

:

It is immediate from Eq. (15) that the extensive margin does not
have much of a chance to impact welfare. Any given change in the

mass of new firms,
ΔG aijð Þ
G aijð Þ , while it may be large, is pre-multiplied by

the term θ− ε−1ð Þ
θ ε−1ð Þ , which goes to zero as the economy approaches Zipf's

Law. The calibrated value of this combination of parameters is about
0.01.

Table 2 reports the quantitative results for our sample of countries. A
10% reduction in trade barriers leads to an average increase in welfare of
about 4.3%, with a range between 0.28% and 8.26%. Notably, this is some-
what higher than welfare gain we saw following a complete harmoniza-
tion of entry barriers across countries. It turns out that the intensive
margin accounts for 98% of the overall welfare gain. The table breaks
down the extensive margin into the component coming from the new
foreign varieties, and the component due to the disappearance of some
domestic ones. The foreign extensive margin contributes 5.2% of the
total welfare gain. It is partially undone by the domestic extensive mar-
gin, whose welfare impact is negative. As we can see, in Zipf's world,
the extensive margin plays a minimal role relative to the intensive one.

It is important to emphasize that this result is not due to a small
increase in the number of foreign varieties. In this experiment, the
10% reduction in τij leads to an average 28% increase in the number
of imported foreign varieties in this set of countries. The extensive
margin, as measured by the number of varieties, is quantitatively
important. However, its contribution to welfare is not.

The bottom panel reports these results with the alternative,
non-fat-tailed calibration. Two features are most striking. First, the
overall gains from a 10% reduction in τij are tiny compared to the
baseline calibration. The average gains are only 0.28% (less than one
third of 1%), with a maximum of 1.7%. This is 15 times lower than
the same reduction in trade costs in the baseline calibration. Second,
the overall importance of the intensive margin is almost the same as
in the baseline calibration, 96.8%. At first glance this is surprising. But
it turns out that the welfare impact of the foreign extensive margin is
indeed much bigger than in the baseline calibration, as expected. The
foreign extensive margin contributes 14.7% of the total welfare gain,
almost 3 times greater than in the baseline calibration. However,
the domestic extensive margin is also more important for welfare,
contributing −11.5% of the total impact. That is, the disappearance
of existing domestic varieties that accompanies the drop in trade
costs also has a greater (negative) welfare impact compared to the
Zipf case. The two partially cancel out, leaving the relative importance
of the intensive margin roughly unchanged.

The main results are presented graphically in Fig. 2. On the x-axis is
the power law exponent in firm size, θ/(ε−1), which varies from 1.06
(Zipf's Law calibration) to 2. The lines display the welfare impact of the
two counterfactual experiments we consider: a 10% reduction in τij
(solid line) and the complete harmonization in fij to their U.S. level.
The figure illustrates the importance of the firm size distribution for
our conclusions about welfare. In particular, it is clear that changes in



Table 3
Robustness.

Complete harmonization
of entry costs

10% reduction in τ

Total Foreign
extensive

Perfect match to trade flows 3.24 2.57 0.13
ε=4 4.86 10.55 0.20
ε=8 2.42 0.91 0.08
Discrete number of firms 5.00 4.61 0.22

Notes: This table reports the welfare changes, in percentage points, under alternative
calibration approaches.

22 See di Giovanni and Levchenko (2011) for a more detailed description of the model
and simulation with a discrete number of firms. Note that this procedure does not rep-
resent a complete solution to the model under each individual set of random produc-

Fig. 2. The welfare impact of reductions in fixed and variable costs and the size distri-
bution of firms. Notes: This figure reports the percentage changes in welfare due to a
reduction in iceberg trade costs (solid line, left axis) and a reduction in fixed costs of
entry (dashed line, right axis), as a function of the distribution of firm size.
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variable costs matter more for welfare as the economy approaches
Zipf's Law, while changes in fixed costs matter less.

3.5. Robustness

This section assesses the robustness of the main results in several
dimensions: (i) alternative calibration of iceberg trade costs; (ii) alter-
native values of the elasticity of substitution; and (iii) the importance
of the continuum of goods assumption.

The baseline calibration uses estimates of τij from Helpman et al.
(2008), and does not match bilateral or overall trade flows perfectly.
A natural question is whether the results are affected by this
approach. To check for this possibility, we implement an alternative
solution procedure, that instead of matching relative country GDPs,
picks values of τij to match perfectly all bilateral trade flows. To be
precise, given the values of Li implied by our baseline procedure, we
find values ofwi, Pi, and τij∀ i, j such that the equilibriummarket clear-
ing conditions (5) and (8) hold and all the trade shares (7) in the
model match perfectly the data values.21

The results are presented in the first row of Table 3. The change in
welfare due to the fall in fij of 3.24% is virtually the same as the base-
line value of 3.26%. The welfare impact of a 10% reduction in τij is
somewhat lower, at 2.57%, but the extensive margin of exports con-
tributes 0.13% to welfare, or 5% of the total. This share of the extensive
margin is virtually identical to the baseline finding.

Next, we assess the sensitivity of the results to our choice of ε, by
implementing the model under two alternative values, while keeping
the calibration to Zipf's law, that is, θ/(ε−1)=1.06 throughout. We
try a lower value of ε=4 (and thus θ=3.18), and then a higher
value of ε=8 (and thus θ=7.42). Table 3 presents the results. As
expected, the gains under a lower ε are higher, and vice versa, but
the main conclusions are unchanged. With respect to the harmoniza-
tion in entry costs, the gains are 2.42% under ε=8 and 4.86% under
21 We cannotmatch both relative country sizes (as in the baseline calibration) and trade
flows perfectly at the same time. We conjecture that this is because the model is too sim-
ple: it has one factor of production, no explicit non-traded sector, and no aggregate trade
imbalances. The calibration that matches trade flows perfectly produces relative country
sizes that are very close to the data, with the correlation in country size between themod-
el and the data of 0.92. Among the 2500 possible unidirectional bilateral trade flows, 18
are zeros. Since the model solution cannot handle zero trade flows, in the matching pro-
cedurewe replace each data zero trade sharewith the value of the smallest non-zero trade
share found in the sample, which has order of magnitude 10−6.
ε=4, compared to the baseline of 3.26%. The range of gains from a
10% reduction in τij is somewhat larger, from 0.9% to 10.55%, but in ei-
ther case the contribution of the extensive margin of exports is small,
0.08% and 0.2% respectively (compared to the baseline of 0.21%).

Finally, we check how important the continuum of firms assump-
tion is for the results. The main mechanism in our paper is that under
Zipf's Law, the largest firms are extremely large, and thus matter
muchmore for welfare than the marginal firms. Under the continuum
of firms assumption and the Pareto distribution, the upper support of
firm productivity is infinite. However, in the real world of course no
actual firm has infinite productivity, instead there is a discrete and
finite number of firms in each country (the implications of this for
international trade flows have recently been explored by Eaton et al.,
2012). To assess how this affects the results, we simulate the model
under a discrete number of firms. That is, we randomly draw ni produc-
tivities for each country i, and given the model solution for the cutoffs
aij, check whether each discrete firm produces domestically and serves
each export market. For each set of global productivity draws we
perform the main experiments of lowering fij and lowering τij. We
compute the price indices directly as the discrete equivalents of
Eq. (2), and changes in the extensive margin ΔG aijð Þ

G aijð Þ in Eq. (15) directly
as the proportional changes in the numbers of active firms from each
market j in each i. We draw a worldwide set of random productivities
1001 times, and take the median welfare change in each country for
each counterfactual experiment.22

The results, reported in Table 3, are very similar to the baseline. As
expected, the impact of reductions in fij and τij is slightly higher than
under the continuum of firms. The discrete simulation effectively cuts
out the infinitely productive upper tail, thus making the marginal firms
slightly more important. The difference is not large, however. The im-
pact of the extensive margin of exports, in both the absolute terms
and relative to the total increase in welfare, is virtually identical. We
conclude from this exercise that the assumption of a continuum of
firms does not drive the quantitative results.

4. Conclusion

The world economy and world trade flows are dominated by very
large firms. This paper studies the implications of this stylized fact for
two related aspects of the economy: entry costs and the extensive
margin of exports. The conclusions about the welfare impact of higher
entry barriers and the extensive margin of trade are very sensitive to
tivity draws, because we do not re-calculate the cutoffs aij and relative wages wi for
each draw. Finding the complete solution to the model under a discrete number of
firms would not be feasible, as it would require for each vector of random productivity
draws to solve for a fixed point in all the cutoffs, prices, and aggregate expenditures.
Since we draw 10 million productivities just for the U.S., and thus dozens of millions
of productivity draws for the world overall, looking for the fixed point in aij's, w's
and X's for the 50 countries would be impractical. Thus, our simulation uses values of
aij's computed in the solution of the model with a continuum of firms. This procedure
is clearly an approximation, but nonetheless it can give us a sense of how the continu-
um assumption affects the main mechanisms of the model.
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the assumptions on the size distribution of firms. In a model calibrat-
ed to match the observed firm-size distribution, the welfare costs of
entry barriers are low, and the extensive margin accounts for only
5% of the overall gains from a reduction in iceberg trade costs.

What should we take away from this exercise? Quantitative
evidence cannot be used to argue that entry costs and the extensive
margin of trade are not important for welfare.We can establish, howev-
er, that the canonical model of production and trade with endogenous
variety cannot generate a significant welfare impact of entry barriers
and the extensive margin, while at the same time matching both the
empirically observed distribution of firm size and trade volumes. If
these matter, it must be through some other channel. Uncovering the
conditions under which the costs of entry into domestic and foreign
markets matter more remains a fruitful avenue for future research.

Appendix A. Alternative specifications of fixed costs

A.1. Market penetration costs

A recent contribution by Arkolakis (2010) emphasizes that the
model with simple fixed costs of accessing markets is too stark.
Instead, Arkolakis (2010) proposes a model in which firms choose
not only whether to enter a particular market, but what share of the
consumers in that market to serve. Arkolakis (2010) and Eaton et al.
(2011) demonstrate that modeling entry costs in this more continu-
ous way is important to account for the empirical regularity that
many firms export only small amounts abroad.

In this appendix,we extend the baselinemodel to featuremarket pen-
etration costs instead of fixed entry costs, and demonstrate that the total
welfare in such a model differs from the baseline only by a constant. As a
result, in any policy experiment the market penetration costs model pro-
duceswelfare changes that are identical to the baseline fixed costsmodel.

Our functional form assumption follows Eaton et al. (2011).
Assume that rather than paying the fixed cost fijcj to gain access to
all consumers in market i, a firm in country j incurs a cost

f ijcj
1− 1−sð Þ1−1

λ

1− 1
λ

to reach a share s of consumers in that market. Given the demand for its
variety by the consumer reached in country i, the firmwith unit input re-
quirement a(k) from country jmaximizes its profits by choosing both its
price and market penetration si(k) optimally. The profits are given by:

πi kð Þ ¼ pi kð Þ−τijcja kð Þ
h i pi kð Þ

Pi

� �−ε
si kð ÞXi−f ijcj

1− 1−sð Þ1−1
λ

1− 1
λ

;

where the price index, Pi, now aggregates over the prices of varieties
available to a typical consumer in i, and not over all the varieties that
are sold in that country. It is easily verified that the price is still a constant
markup over the marginal cost. Optimal market penetration for a firm
with unit input requirement a(k) is given by:

si kð Þ ¼ 1− Xi

εcjf ij

ε
ε−1τijcja kð Þ

Pi

� �1−ε
" #−λ

: ðA:1Þ

Finally, the firm will only enter market i if at zero market penetra-
tion, profits are increasing in s: ∂πi kð Þ

∂s s¼0 > 0j . It turns out that the cutoff
aij for positive sales from j to i has the exact same form as in the base-
line model, and is given by Eq. (3). That expression can be combined
with Eq. (A.1) to write the sales of a firm with unit input requirement
a(k) from country j to country i as:

1− a kð Þ
aij

 !λ ε−1ð Þ" #
ε

ε−1τijcja kð Þ
Pi

� �1−ε

Xi:
As first observed by Arkolakis (2010), the baseline model with
simple fixed costs provides the best approximation to the sales of
the largest firms: as the unit input requirement a(k) decreases, si kð Þ ¼

1− a kð Þ
aij

� �λ ε−1ð Þ" #
approaches 1 and the firm penetrates the entire

market. This result does not rely on the Zipf's Law assumption: the
market penetration ratio si(k) does not depend on the combination
of parameters θ

ε−1. As we argue at the end of this section, Zipf's Law
does imply that the large firms are the ones most important for
welfare, and thus the assumption of simple fixed costs adopted in
the main text will not substantially affect our conclusions.

Under the Pareto distribution of productivity draws, the expression
for the price level in country i is given by:

Pmp
i ¼

XN
j¼1

nj∫
aij
0

ε
ε−1

τijcja kð Þ
h i1−ε

sj kð ÞdG a kð Þð Þ
0
@

1
A

1
1−ε

¼ 1
b

θ
θ− ε−1ð Þ −

θ
θ− ε−1ð Þ 1−λð Þ

� �−1
θ ε
ε−1

Xi

ε

� �−
θ− ε−1ð Þ
θ ε−1ð Þ

�
XN
j¼1

nj τijcj
� �−θ

cjf ij
� �−θ− ε−1ð Þ

ε−1

0
@

1
A: ðA:2

Comparing Eqs. (5) and (A.2), it is clear that the price levels in the
baseline model and the market penetration cost model differ only by
a constant. The rest of the solution is unchanged. In particular, it is
straightforward to show that total profits in each economy are still
a constant multiple of Xi, and that the wages are still determined by
Eq. (8). Thus, the solution to the market penetration costs model pro-
ceeds to find wi

mp and Pi
mp for all i=1,…,N that solve the system of

equations given by Eqs. (8) and (A.2). We now state the main result
of this section.

Proposition 2. Let the vectors [w1,…,wN] and [P1,…,PN] jointly be a
solution to the system of equations defining the equilibrium in the base-
line fixed costs model, Eqs.(5) and (8). Then, the vectors

wmp
1 ;…;wmp

N


 � ¼ w1;…;wN½ � ðA:3Þ

and

Pmp
1 ;…; Pmp

N


 � ¼ δ P1;…; PN½ � ðA:4Þ

are a solution to the system of Eqs.(A.2) and (8) that define the equilibri-
um in the market penetration costs model.

Proof. It is immediate fromexamining Eq. (8) that the vector [w1,…,wN]
that solves Eq. (8) is the same under [P1,…,PN] and [P1mp,…,PNmp] when
the latter is defined by Eq. (A.4), since δ cancels out from the numerator
and the denominator. We now show that as long as Eq. (A.3) is satisfied,
Eq. (A.4) holds as well for some constant δ. The vector [P1mp,…,PNmp] pro-
vides a solution to the market penetration costs model if ∀ i, Eq. (A.2)
holds. We check directly whether the vector δ[P1,…,PN] satisfies that
condition:

Pmp
i ¼ δPi ¼

1
b

θ
θ− ε−1ð Þ−

θ
θ− ε−1ð Þ 1−λð Þ

� �−1
θ ε
ε−1
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� �
0
@

1
A−
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�
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nj τijw
β
j δPj
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j δPj
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0
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1
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1
θ

: ðA:5Þ
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After rearranging it becomes:

δ
β− 1−βð Þθ− ε−1ð Þ

θ ε−1ð Þ Pi ¼
1
b

θ
θ− ε−1ð Þ−

θ
θ− ε−1ð Þ 1−λð Þ

� �−1
θ ε
ε−1

wiLi
εβ 1−ε−1

θε

� �
0
@

1
A−

θ− ε−1ð Þ
θ ε−1ð Þ
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nj τijw
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j P

1−β
j
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wβ

j P
1−β
j f ij
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1
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1
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which is the same as Eq. (5) for δ satisfying θ
θ− ε−1ð Þ

� �−1
θ ¼

θ
θ− ε−1ð Þ −

θ
θ− ε−1ð Þ 1−λð Þ

� �−1
θδ− β− 1−βð Þθ− ε−1ð Þ

θ ε−1ð Þð Þ. Since the vector [P1,…,PN]

satisfies Eq. (5), we have shown that δ[P1,…,PN] satisfies Eq. (A.5),
which completes the proof. □

The main consequence of Proposition 2 is that the total welfare in
the market penetration costs model differs from the welfare in the
basic fixed costs model only by a constant: wi

mp/Pimp=(1/δ)wi/Pi.
This implies that any percentage change in welfare calculated in this
model will be identical to the baseline in the main text.

One additional remark is worth making on the relationship
between the market penetration costs model and this paper. Straight-
forward rearranging yields the following expression for δ:

δ ¼ λ ε−1ð Þ
θ− ε−1ð Þ 1−λð Þ
� �−1

θ
1

β− 1−βð Þθ− ε−1ð Þ
θ ε−1ð Þ

:

Setting λ=1 the expression in the square brackets becomes
(ε−1)/θ.23 Therefore, it is immediate that as we approach Zipf's Law,
δ→1 and the welfare level in the market penetration cost model con-
verges exactly to the welfare level in the simple fixed costs model.
This is intuitive: under Zipf's Law, what matters the most for welfare
are the biggest firms, for which the market penetration margin matters
the least, since they choose to serve the entire market.

A.2. Stochastic fixed costs

Another concern with respect to fixed costs is that they may
not be the same for all firms. For instance, the model with
non-stochastic fixed costs implies a strict hierarchy of entry into
markets, which is known not to hold perfectly (Eaton et al.,
2011). This section presents an extension of the model with sto-
chastic export entry costs, and shows that it is largely isomorphic
to the basic model in the main text.

Suppose that a firm in market j faces a fixed cost fijη to enter
market i≠ j, where fij is the component common across firms and
η>0 is a random firm-specific shock. Following standard practice
(see, e.g. Eaton et al., 2011), we assume that η is distributed inde-
pendently of firm unit input requirement a. The cutoff for entering
market i by market j firms is now contingent on the realization of
η:

aij ηð Þ ¼ ε−1
ε

Pi

τijcj

Xi

εcjf ijη

 ! 1
ε−1

: ðA:6Þ
23 This is the value of λ preferred by Arkolakis (2010). Using Simulated Method of
Moments, Eaton et al. (2011) indeed estimate a value of λ=0.91 with a standard error
of 0.12. This type of value for λ implies a fair amount of curvature to the market pen-
etration costs, and thus many firms that choose to penetrate only a small share of
the export market. The fixed cost model obtains instead when λ=∞.
The price level then becomes
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where Fij(η) is the CDF of η that can vary by both source and destina-
tion, and η̃ij≡∫ηη

−θ− ε−1ð Þ
ε−1 dFij ηð Þ. Since we assume that the costs of enter-

ing the domestic market are non-stochastic, trivially η̃ij ¼ 1∀i.
It is immediate that the expression for welfare in Eq. (10), and the

analysis in Section 2.2 is unchanged. When it comes to the analysis of
the impact of the extensive margin on trade in Section 2.3, straight-
forward steps lead to the following modified expression for the
price level, and hence welfare:

P ¼ ε
ε−1

bε−1 θ
θ− ε−1ð Þn G aDð Þ

θ− ε−1ð Þ
θ þ N−1ð Þτ1−ε∫ηG aX ηð Þð Þ

θ− ε−1ð Þ
θ dF ηð Þ

� �
 � 1
β 1−εð Þ

;
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where now aX(η) is the cutoff unit input requirement necessary for
exporting for firms that drew the entry cost disturbance equal to η.
Differentiating inside the integral, the elasticity of welfare with re-
spect to the extensive margin G(aX(η)) for each level of η is equal
to:

d logW
d log G aX ηð Þð Þ ¼

1
β
θ− ε−1ð Þ

θ
N−1ð Þτ1−εG aX ηð Þð Þθ− ε−1ð Þ

θ

G aDð Þθ− ε−1ð Þ
θ þ N−1ð Þτ1−ε∫ηG aX ηð Þð Þθ− ε−1ð Þ

θ dF ηð Þ
:

As the economy approaches Zipf's Law – θ→(ε−1) – thewelfare im-
pact of the extensive margin at each level of η goes to zero:

d log W
d log G aX ηð Þð Þ→0.

Introducing stochastic fixed exporting costs has virtually no im-
pact on the results because our main mechanism operates at each
level of fixed costs. That is, as long as the distribution of sales is
fat-tailed conditional on any realization of entry costs fijη, it is still the
case that the inframarginal exporters among that set of firms are
much more productive than the marginal ones. To build intuition,
suppose that for some exporter j, η can take only two values, ηH and
ηL. This setup is roughly equivalent to facing two exporting countries
each with non-stochastic fixed exporting costs, one with fijηH, the
other with fijηL, and all of the results in the main text apply.24 Assum-
ing a continuum of η's instead of two discrete values leaves the basic
intuition unchanged.

Appendix B. Power laws in firm size in the ORBIS database

This appendix uses a large cross-country firm-level database to
assess whether Zipf's Law approximates well the distribution of firm
size in a large sample of countries. Though we use the largest avail-
able non-proprietary firm-level database in this analysis, the results
should be interpreted with caution: coverage is quite uneven across
countries and years, implying that power law estimates may not be
reliable or comparable across countries. Nonetheless, as we describe
below, Zipf's Law provides a good approximation for the firm size
distribution in most countries in this sample.
24 The reason this setup is not exactly equivalent to having two countries is that labor
markets have to clear and a single wage has to prevail in exporter j. This general equi-
librium effect does not appreciably affect the heuristic argument here.



Table A1
Top 49 countries and the rest of the world in terms of 2004 GDP.
Source: The World Bank (2007b).

Country GDP/world GDP Country GDP/world GDP

United States 0.300 Indonesia 0.006
Japan 0.124 South Africa 0.006
Germany 0.076 Norway 0.006
France 0.054 Poland 0.005
United Kingdom 0.044 Finland 0.005
Italy 0.041 Greece 0.004
China 0.028 Venezuela, RB 0.004
Canada 0.026 Thailand 0.004
Brazil 0.021 Portugal 0.003
Spain 0.020 Colombia 0.003
India 0.017 Nigeria 0.003
Australia 0.016 Algeria 0.003
Russian Federation 0.015 Israel 0.003
Mexico 0.015 Philippines 0.003
Netherlands 0.015 Malaysia 0.002
Korea, Rep. 0.011 Ireland 0.002
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ORBIS is a multi-country database published by Bureau van Dijk
that contains information on more than 50 million companies world-
wide.25 The data come from a variety of sources, including, but not
limited to, registered filings and annual reports. Coverage varies by
world region: there are data on some 17 million companies in the
U.S. and Canada, 22 million companies in the 46 European countries,
6.2 million companies from Central and South America, 5.3 million
from Asia, but only 260,000 from Africa and 45,000 from the Middle
East. Importantly, the database includes both publicly traded and pri-
vately held firms. While in principle data are available going back to
mid-1990s for some countries, coverage improves dramatically for
more recent years. Thus, for each country we use the year with the
largest number of firms to generate power law estimates. In practice,
this implies using more recent years, 2006 to 2008. The main variable
used in the analysis is total sales. It has been observed that in some in-
stances a power law is only a good fit for the size distribution above a
certain minimum cutoff. This is potentially an even more serious
problem in this database, as the likely undersampling of smaller
firms will bias the power law estimates towards zero. Following stan-
dard practice (Gabaix, 2009), we plot the data for all firms for each
country, and select the minimum size cutoff by looking for a “kink”
in the distribution above which the relationship between log rank
and log size is approximately linear.26 We restrict our empirical anal-
ysis to countries that have sales figures for at least 1000 firms. The
final sample includes 44 countries.

In order to obtain reliable estimates, this paper uses three stan-
dard methods of estimating the slope of the power law ζ. The first
method, based on Axtell (2001), makes direct use of the definition
of the power law (Eq. (9)), which in natural logs becomes:

log Pr x > sð Þð Þ ¼ log cð Þ−ζ log sð Þ: ðB:1Þ

For a grid of values of sales s, the estimated probability Pr x > sð Þ is
simply the number of firms in the sample with sales greater than s di-
vided by the total number of firms. We then regress the natural log of
this probability on log(s) to obtain our first estimate of ζ. Following
the typical approach in the literature, we do this for the values of s
that are equidistant from each other on log scale. This implies that
in absolute terms, the intervals containing low values of s are
narrower than the intervals at high values of s. This is done to get a
greater precision of the estimates: since there are fewer large firms,
observations in small intervals for very high values of s would be
more noisy.

The second approach starts with the observation that the cdf in Eq.
(9) has a probability density function

f sð Þ ¼ cζs− ζþ1ð Þ
: ðB:2Þ

To estimate this pdf, we divide the values of firm sales into bins of
equal size on the log scale, and compute the frequency as the number
of firms in each bin divided by the width of the bin. Since in absolute
terms the bins are of unequal size, we regress the resulting frequency
observations on the value of s which is the geometric mean of the
endpoints of the bin (this approach follows Axtell, 2001). Note that
the resulting coefficient is an estimate of −(ζ+1).27
25 The well-known AMADEUS database of European firms is the precursor of ORBIS,
which contains all of AMADEUS plus information on non-European countries. Thus,
AMADEUS is a strict subset of ORBIS.
26 This is a conservative approach. The estimates obtained without imposing the min-
imum size cutoff yield power law coefficients even lower in absolute value, implying
an even more fat-tailed distribution of firm size.
27 Finally, we also regressed log(rank−1/2) of each firm in the sales distribution on
log of its sales. This is the estimator suggested by Gabaix and Ibragimov (2011), which
delivers very similar results. If anything, the power law exponents implied by this es-
timator are even lower in absolute value than those reported in this appendix.
Table A2 reports the results. The left panel reports estimates of
Eq. (B.1), the right panel, Eq. (B.2). (Note that the right panel's esti-
mates are of −(ζ+1), thus they should differ from the right panel
by about −1.) The columns report the power law coefficient, the
R2, and the p-value of the test that the coefficient differs from −1
(−2 in the right panel). Several things are worth noting about these
results. First, the power law approximates the data well: the median
R2 is 0.99, with the minimum R2 of 0.95. Second, most of the power
law coefficients are very close to −1 in absolute terms, and many
are not statistically different from −1. Those that are statistically
different from −1 tend to be lower in absolute value, implying that if
the firm size distribution follows a power law in those countries, it is
even more fat-failed than Zipf. The least fat-tailed country, Serbia, has
the power law exponent of about −1.18 or −1.16, still quite far
from −2 and thus comfortably within the Zipf's Law range. Finally,
the country sample is diverse: it includes major European economies
(France, Germany, Netherlands), smaller E.U. accession countries
(Czech Republic, Estonia), major middle income countries (Brazil,
Argentina), as well as the two largest emerging markets (India and
China). All in all, in this sample of 44 countries with very different char-
acteristics, the distributions of firm size are remarkably consistent with
Zipf's Law.

It is important to note that these results do not establish that the
distribution of firm size in these countries follows a power law, as
opposed to some other distribution. Indeed, as noted by Gabaix
(2009), with more parameters (allowing for more curvature), one
will always fit the data better. Rather, Gabaix (2009) suggests that
what is important is whether a power law provides a good fit to the
data, which appears to be the case in our results.
Sweden 0.010 Egypt, Arab Rep. 0.002
Switzerland 0.010 Pakistan 0.002
Belgium 0.009 Chile 0.002
Argentina 0.008 New Zealand 0.002
Saudi Arabia 0.007 Czech Republic 0.002
Austria 0.007 United Arab Emirates 0.002
Iran, Islamic Rep. 0.007 Hungary 0.002
Turkey 0.007 Romania 0.002
Denmark 0.006 Rest of the world 0.027

Notes: Ranking of top 49 countries and the rest of the world in terms of 2004 U.S.$ GDP.
We include Hong Kong, POC, and Singapore in Rest of the world.



Table A2
Country-by-country estimates of power laws in firm size.

Country CDF estimation PDF estimation

PL coef. R2 p-Value PL coef. R2 p-Value

Argentina −1.046⁎⁎ 0.988 0.243 −2.039⁎⁎ 0.994 0.466
Australia −0.992⁎⁎ 0.986 0.838 −1.905⁎⁎ 0.994 0.076
Austria −0.695⁎⁎ 0.963 0.000 −1.677⁎⁎ 0.989 0.000
Belgium −0.972⁎⁎ 0.999 0.011 −1.956⁎⁎ 0.998 0.150
Bosnia and
Herzegovina

−1.022⁎⁎ 0.990 0.508 −2.036⁎⁎ 0.992 0.550

Brazil −0.918⁎⁎ 0.966 0.162 −1.892⁎⁎ 0.991 0.096
Bulgaria −0.981⁎⁎ 0.979 0.686 −2.007⁎⁎ 0.992 0.908
Canada −0.888⁎⁎ 0.989 0.004 −1.913⁎⁎ 0.995 0.069
China −1.117⁎⁎ 0.976 0.060 −2.091⁎⁎ 0.996 0.061
Croatia −1.094⁎⁎ 0.988 0.034 −2.120⁎⁎ 0.992 0.074
Czech Republic −1.083⁎⁎ 0.992 0.020 −2.072⁎⁎ 0.998 0.031
Denmark −0.776⁎⁎ 0.950 0.003 −1.684⁎⁎ 0.987 0.001
Estonia −1.017⁎⁎ 0.986 0.674 −2.067⁎⁎ 0.987 0.389
Finland −0.869⁎⁎ 0.989 0.001 −1.879⁎⁎ 0.997 0.006
France −0.886⁎⁎ 0.999 0.000 −1.894⁎⁎ 1.000 0.000
Germany −0.853⁎⁎ 0.999 0.000 −1.960⁎⁎ 0.981 0.653
Greece −0.992⁎⁎ 0.997 0.620 −1.951⁎⁎ 0.998 0.089
Hungary −0.953⁎⁎ 0.995 0.050 −1.987⁎⁎ 0.996 0.741
India −0.975⁎⁎ 0.988 0.476 −1.954⁎⁎ 0.995 0.319
Ireland −0.761⁎⁎ 0.998 0.000 −1.718⁎⁎ 0.999 0.000
Italy −1.030⁎⁎ 0.996 0.172 −2.037⁎⁎ 0.999 0.093
Japan −0.955⁎⁎ 0.990 0.177 −1.985⁎⁎ 0.996 0.716
Latvia −1.118⁎⁎ 0.989 0.011 −2.054⁎⁎ 0.995 0.281
Lithuania −1.153⁎⁎ 0.992 0.001 −2.151⁎⁎ 0.996 0.009
Macedonia −1.109⁎⁎ 0.999 0.000 −2.095⁎⁎ 0.990 0.176
Netherlands −0.906⁎⁎ 0.994 0.002 −1.917⁎⁎ 0.995 0.082
Norway −1.045⁎⁎ 0.970 0.454 −1.975⁎⁎ 0.997 0.516
Poland −1.086⁎⁎ 0.987 0.051 −2.125⁎⁎ 0.995 0.028
Portugal −0.919⁎⁎ 0.996 0.001 −1.924⁎⁎ 0.999 0.001
Korea −0.880⁎⁎ 0.999 0.000 −1.860⁎⁎ 1.000 0.000
Romania −1.002⁎⁎ 0.990 0.956 −2.047⁎⁎ 0.995 0.349
Russia −1.039⁎⁎ 0.996 0.086 −2.027⁎⁎ 0.998 0.384
Serbia −1.181⁎⁎ 0.989 0.001 −2.163⁎⁎ 0.996 0.004
Singapore −0.888⁎⁎ 0.979 0.021 −1.825⁎⁎ 0.995 0.002
Slovakia −1.139⁎⁎ 0.990 0.003 −2.124⁎⁎ 0.996 0.018
Slovenia −0.993⁎⁎ 0.986 0.846 −1.998⁎⁎ 0.989 0.981
Spain −0.978⁎⁎ 1.000 0.005 −2.011⁎⁎ 0.997 0.769
Sweden −0.884⁎⁎ 0.997 0.000 −1.895⁎⁎ 0.998 0.002
Switzerland −0.791⁎⁎ 0.990 0.000 −1.760⁎⁎ 0.996 0.000
Taiwan POC −0.889⁎⁎ 0.989 0.003 −1.863⁎⁎ 0.991 0.031
Thailand −0.956⁎⁎ 0.976 0.381 −1.953⁎⁎ 0.994 0.358
Ukraine −1.058⁎⁎ 0.991 0.102 −2.007⁎⁎ 0.999 0.802
United Kingdom −1.010⁎⁎ 0.975 0.856 −2.017⁎⁎ 0.992 0.775

Notes: This table reports the estimated of power laws in firm size across countries.
Column “PL coef.” reports the coefficient on the power law for each country, the
second column reports the R2, the third column reports the p-value of the test that
the power law coefficient is statistically different from −1 (−2 in the right panel).
The estimates are based on firm-level sales data from ORBIS. Variable definitions,
sources, and estimation techniques are described in detail in the text.

⁎⁎ Significant at the 1% level.
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