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Abstract

We study the rise in U.S. manufacturing exports from 1987 to 2002 through the lens of a monopolisti-
cally competitive model with heterogenous producers and sunk costs of exporting. Using the model, we
infer that iceberg costs fell nearly 27 percent in this period. Given this change in iceberg costs, we use
the model to calculate the predicted increase in trade. Contrary to the findings in Yi (2003), we find
that the exports should have grown an additional 70 percent (78.7 vs. 46.4). The model overpredicts
export growth partly because it misses the shift in manufacturing to relatively small establishments
that did not invest in becoming exporters. Contrary to the theory, employment was largely reallocated
from very large establishments, those with more than 2,500 employees, toward very small manufactur-
ing establishments, those with fewer than 100 employees. We also find that very little of the contraction

in U.S. manufacturing employment can be attributed to trade.
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1. Introduction

The world has become much more integrated. For instance, the share of U.S. manufac-
turing GDP exported more than quadrupled! from 1962 to 2002. While this process has been
ongoing, it clearly has accelerated since the mid-1980s. Yi (2003) shows that explaining this
acceleration in trade growth poses a major challenge for standard trade models since the period
of high trade growth corresponds to a period of relatively small tariff cuts, while the period of
slower trade growth corresponds to a period of relatively large tariff cuts. Thus, the elasticity of
trade relative to trade costs has increased. In this paper, we reconsider the high export growth
period,? 1987 to 2002, through the lens of a model of establishment heterogeneity and exporting.
Through the lens of this model, we find the opposite puzzle from Yi. Given the observed change
in trade costs, the puzzle is actually that trade grew so little from 1987 to 2002.

Our interpretation of the trade data differs from Yi for two reasons. First, our benchmark
model of trade differs from Yi. Yi studies trade in the representative agent model of Armington
(1969) in which all producers export.® In this model the amount each producer exports is deter-
mined solely by iceberg trade costs,* basically tariffs and transportation costs, and the elasticity
of substitution between domestic and foreign goods. Thus, a decrease in iceberg costs increases

the intensity with which producers export. In contrast, in our benchmark model producers are

IThe ratio of nominal exports (excluding agricultural goods) to nominal manufacturing value added rose from
approximately 9.9 percent in 1962 to 42.8 percent in 2002.

2Data also limit us to this period since the 1987 Census of Manufacturers is the first census that included
questions on exporting activity, and we need this information to accurately take the model to the data.

3Given the failure of the Armington model to explain the growth in trade, Yi proposes an explanation based
on a model of trade in intermediates and different stages of production. In his model, when tariffs fall below
a certain level intermediate production becomes concentrated in a single location and start to cross the border
multiple times as intermediates and in final goods.

4Yi takes a measure of the observed change in tariffs and computes the elasticity of substitution necessary to
explain aggregate trade growth. An alternate interpretation of this puzzle is that falling tariffs have also been
associated with falling trade costs; therefore, the change in trade flows reflects a change in both observed and
unobserved trade barriers.



heterogenous in productivity and must incur some fixed costs to export (both to start and to
continue exporting) along with iceberg costs. In this framework, not all establishments export
and those that do are relatively large. Consequently, in this model the fraction of output ex-
ported may also increase either because more producers export (the extensive margin of trade)
or if exporters become relatively larger than nonexporters and account for more output (what
we call the size premium). Thus, this model contains two additional margins of trade growth.

The second difference from Yi comes from our measure of iceberg trade costs. In an
Armington model, there is a one-to-one relationship between the share of output exported and
iceberg trade costs that makes it impossible to use the model to identify the change in trade
costs. Consequently, Yi takes a measure of trade costs based on changes in tariffs among
industrialized countries and uses it to calculate the elasticity of trade with respect to tariffs,
finding this has increased over time. However, iceberg costs also depend on transportation,
insurance, finance and other charges making these changes in tariffs a potentially poor measure
of changes in iceberg costs. In our model of producer heterogeneity and fixed export costs, there
is no longer a one-to-one relationship between aggregate trade flows and iceberg costs. However,
among exporters, the amount exported relative to total sales is determined solely by iceberg
costs. Using establishment-level data on exporting from the U.S. Census of Manufacturers, we
thus can infer the change in iceberg costs over this period. We find a much larger change in
iceberg costs than Yi’s measure of the fall in tariffs.

Given the change in iceberg costs that we infer from the data, we then use the model
to ask: How much should U.S. exports have grown if the only change were a fall in iceberg
cost? Surprisingly, we find that the fall in trade costs should have led to about 70 percent

more export growth that it did (78.7 vs. 46.4). The model generates too much export growth

3



primarily because the model predicts a much larger increase in the share of establishments that
are exporting. The model predicts a 57 percent rise in export participation; however, in the
data, export participation rose only 24 percent.

The model overpredicts the growth in export participation in the U.S. primarily because
in this period, employment became more concentrated in small establishments. Despite the
lower iceberg costs, these small establishments did not find it worthwhile to incur the fixed
costs of exporting thereby reducing the growth in export participation. The concentration of
employment in small establishments stands in stark contrast to one of the key predictions of the
Melitz (2003) model that lowering trade barriers should shift employment away from relatively
unproductive and small establishments toward relatively productive and large establishments.

The general equilibrium model we develop also allows us to study the reallocation of pro-
duction across sectors, tradable and nontradable, resulting from the fall in trade costs. In our
benchmark model, trade integration generates a very small reallocation of labor from tradable
goods, which we associate with manufacturing. This reallocation of 0.2 percent is much less
than the 17 percent decline from 1987 to 2002 leading us to conclude then that trade integra-
tion is primarily responsible for reshaping the distribution of economic activity across tradable
producers but has only a small role on the scale of the sector.

The primary contribution of this paper is to provide the first empirical and quantitative
examination of the dynamics of aggregate and establishment-level trade flows in the U.S. Pre-
vious work relating aggregate trade flows to establishment-level heterogeneity primarily focuses
on explaining the cross-section of export participation and trade flows. For instance, Bernard,
Eaton, Jensen, and Kortum (2003), study export participation among U.S. manufacturers in
1992 in a version of the Eaton and Kortum (2002) model that is extended to allow for Bertrand
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competition,” while Alessandria and Choi (2007b) study export participation among U.S. man-
ufacturers in 1992 in a version of the Melitz model. These papers examine the counterfactual
impact of changes in trade policy on aggregate and establishment trade flows, but they do not
examine whether these predictions are consistent with the data. In terms of examining changes
in trade flows, the work by Bernard, Jensen, and Schott (2006) is closest in spirit to our pa-
per. They use an empirical model to show that across industries in the US from 1987 to 1997,
declines in measured trade costs are associated with an increased likelihood of exporting and an
increase in sales by exporters. Unlike their analysis, which focuses on the qualitative predictions
of heterogeneous plant models for trade growth, we focus on whether the magnitude of aggre-
gate changes are quantitatively consistent with theory. Thus, our paper provides an important
test of the role of producer heterogeneity for aggregate trade flows. Given the use of various
heterogeneous plant models to evaluate trade policy,® our analysis provides a key evaluation of
these models.

Our paper is also related to a number of papers in three general areas. The first line
of research studies the growth in world trade and attributes it to changes in income, tariffs,
and trade costs (see Baier and Bergstrand (2001), Yi (2003), Bridgman (2008)). Hummels
(2007) identifies some of the challenges in measuring the change in trade costs, showing that
that the decline in aggregate measures of trade costs are understated because they do not take
into account how the decline in relatively expensive air freight has lead to a massive expansion

of air freight. A second line of research uses models with fixed costs of trade to understand

® Alvarez and Lucas (2006) also study the role of producer heterogeneity for trade but in a model in which
there is no notion of an establishment. Hence, all heterogeneity can be thought of as being at the industry level.

6Some additional papers studying trade policy in heterogeneous plant models include Roberts and Tybout
(1997), Melitz (2003), Das, Roberts and Tybout (2005), Baldwin and Robert-Nicoud (2005), Baldwin and Forslid
(2006), and Atkeson and Burstein (2007).



international business cycle fluctuations (see Ruhl (2003), Alessandria and Choi (2007a), and
Ghironi and Melitz (2005)). Finally, there is a partial equilibrium literature that studies the
export decisions of establishments. Baldwin and Krugman (1989) and Dixit (1989) develop
models of export decisions with an exogenous exchange rate process. Roberts and Tybout
(1997) and Das, Roberts and Tybout (2007) develop these models further and use them to
identify the presence of sunk costs of exporting.

The paper is organized as follows. The next section describes the change in the share of
U.S. manufacturing output exported. We show how this change in aggregate exports is related
to changes in export participation, the characteristics of exporters, and iceberg trade costs. In
section 3 we develop a two-country dynamic general equilibrium model with endogenous export
penetration and sunk costs of exporting. Section 4 discusses the calibration of the model. In
section 5, we examine the change in exports, export participation, and exporter characteristics
predicted by the model following the observed change in iceberg costs. In section 6, we investigate

the sensitivity of our results. Section 7 concludes.

2. Evidence

In this section, we summarize some of the changes in exports and exporting in the U.S.
manufacturing sector from 1987 to 2002. We concentrate on this period since it is the high
growth period emphasized in Yi and because it is the only period for which we have data on
plant characteristics of exporters in the U.S. from the Economic Census (The census only started
collecting exporting information in 1987.)" We also relate these changes in exports to changes

in fundamentals, particularly changes in iceberg trade costs and the characteristics of exporters.

"The data on plant export is based on a special tabulation requested from the U.S. Census Bureau.



Table 1 summarizes the key changes in the manufacturing exports over this period.
To clarify the relationship between exports and trade costs, for the sake of exposition,
suppose there are N identical, monopolistically competitive establishments selling their goods

at home and abroad subject to demand curves,

d(p,Y) = p %,

er (p*,Y*) — p*fﬁyt

where 6 denotes the elasticity of demand, Y; and Y;* denote home and foreign income, and p; and
p; denote prices of the goods at home and abroad. Suppose further that the foreign consumers
must incur an iceberg cost, ¢, which includes both shipping costs and tariffs, to purchase these
products.® If the establishment sells its products at home and abroad for the same price, then

the ratio of exports to domestic sales equals

Taking logs, the change in the export-to-domestic sales ratio can be directly related to changes

in trade costs and the relative size of the markets,

Aexr — Ad = —0AL+ Ay* — Ay.

The second column of Table 1 reports a 50.3 percent increase in the ratio of exports to domestic

8This is identical to allowing the establishment to sell its products directly overseas subject to the iceberg
costs but setting up an import/export subsidiary to transfer the goods and incur the costs.



sales from 1987 to 2002. Given this change in the export-to-domestic sales ratio and the change
in relative output (Ay* — Ay) along with a measure of the elasticity of substitution, we can
infer the change in iceberg trade costs’ as

(Aex — Ad) — (Ay* — Ay)

AL — —
L 0

This is essentially the time-series analogue of the Anderson and van Wincoop (2004) approach
of determining the level of trade costs. For U.S. imports, Broda and Weinstein (2006) find an
average elasticity of substitution of about 5. Based on Penn World table 6.2 data, over this
period world real GDP, at PPP terms,'” grew approximately 8.6 percent relative to U.S. GDP.
Consequently, we find that iceberg costs have fallen approximately 8.3 percentage points and
account for about 83 percent of the increase in export growth.

While the model can be used to infer the change in trade costs, Yi (2003) uses the same
relationship and the observed change in tariff rates to infer the elasticity of demand. Given
the 2.5 percentage-points fall in tariffs Yi finds in the data, the model requires an elasticity of
approximately 17 to explain the data, much higher than what we observe at the micro-level or
for earlier periods. Without direct measures of changes in international trade costs, at this level
of aggregation we cannot distinguish between an explanation of trade growth based on falling

trade costs or a high elasticity.

9Direct measures of the change in iceberg costs exist, but vary substantially. For instance, according to
Hummels (2007) since 1990 air freight and ocean liner rates have fallen by about one-third. This decrease in
transportation costs has also been associated with a shift toward more air freight, suggesting smaller declines
in measured shipping costs. On the other hand, Yi (2003), focusing on just tariffs, finds a relatively small drop
in the tariffs imposed on U.S. exports by its developed country partners of only about 2 percentage points.
Moreover, Anderson and van Wincoop (2004) find that direct measures of trade costs are small compared with
indirect measures implied by trade flows and theory.

10Tn nominal terms, U.S. GDP grew 19.5 percent faster than world GDP.



The representative agent world described above generates a one-to-one relationship be-
tween the export-to-domestic sales ratio and the share of total sales exported. However, as we
see from the third and fourth columns of Table 1, the total share of sales exported rose by
more than the share of sales exported by exporting establishments, what we call the exporter
intensity. Clearly, the representative agent world misses out on some of the changes occurring
in the manufacturing sector. To understand the impact of changes in the structure of exporters
for aggregate exports, suppose that only n of the N manufacturing establishments export. For
these establishments the ratio of exports to total sales will still be determined by trade costs and
the relative market sizes. However, the ratio of exports to total sales across all establishments
will depend on the relative size and number of exporters. Let establishment ¢ have total sales

sales; = d; + ex; then the ratio of exports to total sales can be decomposed as,

Exports Y ',ex; [ Y exi/n S sales;/n <£>
Total sales Zfil sales;  \ Do, sales;/n Zfil sales;/N | \N/~

Over time, the change in the ratio of exports to total sales can be decomposed into three

components,
Export share Export intensity Exporter premium Export participation
A 7 N\ Y 7 N\ Y 7\
Aexy = A (ﬁ/salesx> + A <salesX/sales> + A (n/N)
46.4 42.3 —19.5 23.7

All four components can be measured using data from the Census of Manufacturers. The data
show that the 46.4 percent increase in the share of manufactured goods exported has been

associated with a 42.3 percent rise in the intensity with which exporters sell their products



overseas, a 19.5 percent fall in the size of exporters relative to all establishments in the U.S. and
a 23.7 percent increase in export participation.

As we have already shown, the change in export intensity is primarily driven by the
change in trade costs. However, from an establishment’s standpoint, it doesn’t matter whether
the change in export intensity is from a drop in trade costs or an increase in the relative size of
the foreign market. For this reason, in the next sections we will attribute all of the changes in
export intensity to changes in trade costs. We then will try to answer the question: Given the
characteristics of the U.S. manufacturing sector in 1987 and the observed changes in trade costs
from 1987 to 2002, can the benchmark model of export participation and dynamics explain the

change in exports and export participation in the U.S.?

3. The Model

In this section, we develop a model that contains the two key features of the Melitz (2003)

1'* of exporting: producer heterogeneity and fixed costs of exporting. Producers face un-

mode
certainty over both productivity and the fixed costs. Each period there is a mass of existing
establishments distributed over productivity, fixed costs, countries, and export status. Idiosyn-
cratic shocks to productivity and fixed export costs generate movements of establishments into
and out of exporting. Unproductive establishments also shutdown,'? and new establishments

are created by incurring a sunk cost.

There are two symmetric countries, home and foreign. Each country is populated by a

1 The Melitz model is a general equilibrium model of plant heterogeneity and exporting. It embeds the decision
to export, studied in partial equilibrium models of Baldwin and Krugman (1989), Dixit (1989) and Roberts and
Tybout (1997), in the general equilibrium model of plant heterogeneity, exit, and entry of Hopenhayn and
Rogerson (1993).

12Unlike the Melitz model, we do not have fixed costs of continuing to produce each period. Instead, we
capture the higher exit rates of small establishments in the shock process.
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continuum of identical, infinitely lived consumers with mass of one. Each period, consumers are
endowed with L units of labor and supply them inelastically in the labor market.

In each country there are two intermediate good sectors, tradable and nontradable, de-
noted 7" or N. In each sector, there is a large number of monopolistically competitive estab-
lishments, each producing a differentiated good. The mass of varieties in the tradable and
nontradable goods sectors are Nr; and Ny, respectively. Foreign variables are denoted with
an asterisk. A nontradable good producer uses capital and labor inputs to produce its variety,
whereas a tradable good establishment produces using capital, labor, and material inputs.'® In
each sector, establishments differ in terms of total factor productivity and the markets they
serve.

All establishments sell their product in their own country, but only some establishments
in the tradable good sector export their goods abroad. When an establishment in the tradable
good sector exports, the establishment incurs some international trading cost, an ad valorem
transportation cost!* with the rate of +,.'> Additionally, an establishment has to pay a fixed
cost to export its goods abroad. Unlike the standard Melitz formulation, we follow Dixit (1989)
and Roberts and Tybout (1997) and allow the fixed costs of starting to export to differ from
the costs to stay in the export market. In particular, we allow the size of the fixed cost to
depend on the producer’s export status in the previous period and an idiosyncratic shock k. To

start exporting, an establishment must incur a relatively high up-front sunk cost fo +x > 0

13We introduce materials into the tradable sector to be consistent with the observation that trade as a share
of gross output is considerably smaller than trade as a share of value-added.

14We attribute all iceberg costs to physical transportation costs rather than some combination of transport
costs and tariffs. This distinction matters for the aggregate level of activity but has almost no impact on how
activity is divided across countries.

5 The transportation costs are ‘iceberg.” For one unit of good to be arrived at destination, 1 + ¢ units should
be shipped.
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and then can sell any amount in the export market in the next period. For an establishment
that is currently exporting, to continue exporting into the following period it must incur its
idiosyncratic fixed cost shock x plus a lower but nonzero period-by-period fixed continuation
cost f1 < fo. If an establishment does not pay this continuation cost, then it ceases to export.
In future periods, the establishment can begin exporting only by incurring the entry cost fy plus
its new draw of k. These costs are valued in units of labor in the domestic country. The cost of
exporting implies that the set of goods available to consumers and establishments differs across
countries and is changing over time. We assume that the fixed costs must be incurred in the
period prior to exporting. This implies that the set of foreign varieties is fixed at the start of
each period. All the establishments are owned by domestic consumers.

Any potential establishment can enter the tradable sector by hiring fr domestic workers.
New entrants can actively produce goods and sell their products from the following period on.

Establishments differ by their technology, export status, sector, fixed costs, and nation-
ality. The measure of home country tradable establishments with technology z, export status,
m = 1 for exporters and m = 0 for non-exporters, and fixed cost shock, x, equals ¢, (z,k,m).

In each country, competitive final goods producers purchase intermediate inputs from
those establishments actively selling in that country.'® The cost of exporting implies that the
set of goods available to competitive final goods producers differs across countries. The entry
and exit of exporting establishments implies that the set of intermediate goods available in a
country is changing over time. The final goods are used for both domestic consumption and

investment.

16The final good production technology does not require capital or labor inputs. It is used to regulate a
country’s preferences over local and imported varieties.
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In this economy, there exists a one-period single nominal bond denominated in the home
currency.!” Let B; denote the home consumer’s holding of the bonds purchased in period t. Let
By} denote the foreign consumer’s holding of this bond. The bond pays 1 unit of home currency

in period ¢ + 1. Let (); denote the nominal price of the bond B;.

A. Consumers

Home consumers choose consumption and investment to maximize their utility:

Voo = maxZﬁtU (Cy),

t=0

subject to the sequence of budget constraints,
P.Cy+ PK;+ QiBy < PWi Ly + PR K, 1 + (1 = 6) PK;_y + B_1 + PII, + P,

where (3 is the subjective time discount factor with 0 < g < 1; P, is the price of the final good;
Cy is the consumption of final goods; K;_; is the capital available in period t; Q); and B; are the
price of bonds and the bond holdings; W; and R; denote the real wage rate and the rental rate
of capital; ¢ is the depreciation rate of capital; II; is the sum of real dividends from the home
country’s producers; and 7T; is the real lump-sum transfer from the home government.

The problem of foreign consumers is analogous to this problem. Prices and allocations

in the foreign country are represented with an asterisk. Money has no role in this economy and

17Qur focus will be on a symmetric model and so there is no reason for intertemporal trade. Nonetheless, we
introduce the possibility of intertemporal trade for completeness of exposition.
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is only a unit of account. The foreign budget constraint is expressed as

B*
B O+ FUR + e—tBZ‘ < PEWIL + PPRYKT 4 (1= 0) PERG, + fl + B+ BT,
t t

where * denotes the foreign variables and e; is the nominal exchange rate with home currency

as numeraire.'8

The first order conditions for home consumers’ utility maximization problems are

Ucit1 B
@ =0 UC,t Pt+17
U,
1 = 8 57”1 (Ri1 +1—10)
Cit

where Uq, denotes the derivative of the utility function with respect to its argument. The price
of the bond is standard. From the Euler equations of two countries, we have the growth rate of

the real exchange rate, ¢, = e, P}/ P,,

* *
qi+1 U c,t+1/ Uc,t
qt UC,t+1/UC,t+1

ety
P

With symmetry, the real exchange rate is ¢ =

B. Final Good Producers
In the home country, final goods are produced using only home and foreign intermediate
goods. A final good producer can purchase from any of the home intermediate good producers

but can purchase only from those foreign tradable good producers that are actively selling in

18 An increase in e; means a depreciation of domestic currency.
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the home market. The final good can be produced by combining a composite good produced of

tradables, Dr, and a composite good produced of non-tradables, D).
(1) Dy = D%,tD]let’Y'

The production technology of the composite tradable and non tradable goods is given by the

CES function,

1
(2)  Dry = (Z/ y (z,k m)e_1 Yy (2, k,m) dzdr

m=0 ZXK

0
=
—1—/ y7tz/§1 z/JTt(z/fl)dzd/f> :

(3) Dwi = ( / yfv,xﬁwjv(z)dz)%,

where yf;, (z,%,m) and y$,(z,,1) are inputs of intermediate goods purchased from a home
tradable good producer with technology z, fixed cost shock k, and export status m and foreign
tradable exporter with (z, k, 1), respectively; and y}j\,’t (z) is the input of intermediate good pur-
chased from a home nontradable good producer with technology z. The elasticity of substitution
between intermediate goods within a sector is 6.

The final goods market is competitive. Given the final good price at home P;, the prices
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charged by each type of tradable good, the final good producer solves the following problem

1

Py, (z,k,m
(4)  maxllg, = D;— Z / l%} y?{,t (2, 5,m) ¥p, (2,5, m) dzdk
ZXK t

m=0

B
- / {PN}%(Z)} Y& ()0, (2) dz,

P Kk, 1
- / [M} (2 D), (2, 1, 1) dadi

subject to the production technology (1), (2), and (3)."? Here Py, (z,x,m) and Py, (2,5, 1) are
the prices of tradable intermediate goods produced by a home producer with (z,x,m) and a
foreign producer with (2, k, 1) , respectively, and Py, (z) is the price of nontradable intermediate

good produced by a home producer with z. Solving the problem in (4) gives the input demand

functions,

Py (z.5,m)]1 7" (Pp,\"

(5) y?—l,t (z,k,m) = 7[ = P, } (;tt) br
Ppy (25,1017 (Pr )\

6)  wii(sm1) = 7[ 7 1 <P> o
Pre (D)7 (Pur\"™

p Nt Nt
RN 62N B T
(7) Y (2) (1=7) [ P, } ( B ) )

9Notice that the production function is defined only over the available products. It is equivalent to define the
production function over all possible varieties but constrain purchases of some varieties to be zero.
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where the price indices are defined as

1
(8) PT,t - (Z / PH,t (27 R, m)1—9 ¢T,t (27 R, m) dzdk
ZXK

m=0

1-6

+/ PF7t<Z7 R, 1)971%},1& (Za R, 1) dZdH) ,
e
(9) PNJ - (/PN,t(z)0_1¢N,t () d2’> )

Pr\" ([ Pnu =
1 P, = ] ’ .
(10) ' (7) (1—7)

The final goods are used for both consumption and investment.

C. Intermediate Good Producers

All the intermediate good producers produce their differentiated good using capital and
labor. Tradable good producers also use material inputs of other tradable good producers. We
assume that an incumbent’s idiosyncratic productivity, z, and fixed cost shock, x, follows a
first order Markov process with a transition probability ¢ (2, k|2, k), the probability that the
productivity of the establishment will be (2/, ") in the next period, conditional on its current
productivity (z, k), provided that the establishment survived. An entrant draws productivity
next period based on ¢ (2/,k"). We also assume that establishments receive an exogenous
death shock that depends on an establishment’s productivity, z, at the end of the period,

0<ng(z) <L

Non-Tradable Good Producers
Consider the problem of a nontradable good producer from the home country in period ¢

with technology z. The producer chooses the current price Py (z), inputs of labor [y, (z), and
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capital kn . (2), given a Cobb-Douglas production technology,
(11) yni (2) = € kny (2)" Ing (Z)lfa

to solve

12) Vel = maxtl )+ (2@ (52) [ Ve () o182

PN7t (Z)
P,

(13) In:(2) = l ] ynt (2) = Wil (2) — Rikny (2)

subject to the production technology (11), and the constraints that supplies to the nontradable
goods market, yn (2) are equal to demands by final good producers y%, (z) in (7). Here, n, (z)

denotes the survival probability, ns (z) =1 —ng(2).

Tradable Good Producers

A producer in the tradable good sector is described by its technology, fixed cost shock, and
export status, (z, s, m). Each period, it chooses current prices Pp (2, x,m) and Pg, (2, k,m),
and inputs of labor l1; (2, k, m) , capital kr; (z, k, m), materials z; (2, x, m), and the next period’s
export status, myi1 (2, k,m). Total materials purchases, z; (z, k,m), is composed of tradable

intermediate goods with a constant elasticity of substitution function

(14) x4 (z,k,m) =

Z/C”"il,t (Cpts 2, 5,m) T Yy (G pr) dC
n=0

_0_
-1

n / 2 (61 2 m) T, (G 1) dC|
¢
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where ac?ﬂ (¢, p; 2, K, m) and x%’t((’ ,1; 2, kK, m) are inputs of intermediate goods purchased from
a home tradable good producer with technology ¢ = (z, k) and export status u, and foreign
tradable exporter with technology (, respectively, by the tradable good producer with technology
z, export status m, and fixed cost k. The constant elasticity of substitution (CES) aggregation

function gives the input demand functions,

(15) x?—],t (ca :U/7 Z, R, m) =

_9 0
) (5

Pri (G, 1)) ( Pry ex ()
Pt Pt t y vy )

16)  ah, (C Lizkm) — [

given the prices and the choice of the aggregate material input, x; (z, K, m).

The producer has a Cobb-Douglas production technology,

x

17“] e (2, Kk, m)"

(]—7) yT,t (Z> R, m) = ez [kT,t (Za R, m)a lT,t (Z, R, m)

and solve

(18) VT,t (’Zv K, m) = nax HT,t (27 K, m) - m/Wt (fm + H)

P,
+ns (2) Q: ( ]tjl) / Vi (2 6, m') ¢ (2, K|z, k) d2'dK/
t 2/ XK/
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Py (z,k,m Py, (z,5,m)]
09) T onm) = [PEEI o) 4 [ SO o)
t t

—VthT,t (Z> Ry m) - RtkT,t (2’7 Ry m)

! P, t )
-2 /< {#] e (G2, 5,m) ¥y (€, 1) dC
pu=0 !

. /< l#} 1, (C 1 2, M) (C 1) dC,

subject to the production technology (17) and the constraints that supply to home and for-
eign tradable goods markets, yp; (2, x,m) and yj;, (2, K, m) with yr; (2, K, m) = yus (2, K, m) +
(1+¢)yg, (2,m), are equal to demand by final good producers from (5), the foreign analogue

of (6)7

P (z,k,m 0 pr N\t
(20) y?;,t (Z> Kﬂm) = mry |: ikl <P* ):| ( T7t) D;ka
t

and demand by intermediate good producers
1
@) 3 [ Gomi o) v, (G de
pu=0"¢
1
@) Y [ o) b () dC
=0
Let the value of the producer with state (z, x,m) that decides to export in period t + 1 be

(23) V;ﬁt (z,k,m) = maxlly, (z,k,m) — W (fr + K)

P
B

+ng (2) Q ( ) / Vi (2, 6,1) ¢ (2, K|z, k) d2'dK,
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and let the value if it decides not to export in period ¢t 4+ 1 be

(24) ng’t (z,k,m) = maxllr;(z,k,m)

P,
+ns (2) Qr ( Jt;l) / Vi (2, 6,0) ¢ (2, K |2, k) d2'dK.
t 2/ XK'

Then, the actual value of the producer can be defined as

(25) V:f (Z, ’iam) = max {Vil,t (Za K, m) >V79,t (Z, K, m)} :

Clearly, the value of a producer depends on its export status and is monotonically increasing
and continuous in 2z given m and x, and the states of the world. Moreover V;} intersects V2 from
below as long as there are some establishments that do not export. Hence, it is possible to solve
for the establishment productivity at which an establishment is indifferent between exporting
or not exporting; that is, the increase in establishment value from exporting equals the cost of
exporting. This level of establishment productivity differs by the establishment’s current export
status. For a given export cost k, the critical level of technology for exporters and non-exporters,

214 (k) and 2o (k), satisfy

(26) le,t (Zlﬂf (’i) ] 1) = VYQ,t (ZLt (K) ) 1) )

(27) Vi, (206 (k),0) = Vi, (204 (5),0).

D. Entry
Each period, a new establishment can be created by hiring fr workers. Establishments

incur these entry costs in the period prior to production and must choose one sector to enter.
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Once the entry cost is incurred, establishments receive an idiosyncratic productivity shock from
the initial distribution ¢ (2/, ’). All the entrants are free from death shocks. New entrants can
not export in their first productive period. Thus the entry conditions are

P
P

(28) Vi, = —Wife+Q ( ) / Vi (2, 6,0) ¢ (2, k') d2'dr’ <0,
2! XK'

(20 VE, = —Wtmet( ; ) / Vasns (2) b () de < 0.

In the nontradable good sector, let Ny denote the mass of entrants who pay the entry
cost in period ¢ and let the mass of incumbents be Ny ;. In the tradable sector , let Ny, denote
the mass of entrants who pay the entry cost in period ¢, while the mass of incumbents is Np;.

The mass of exporters and non-exporters is then

@) N = [ p(an1)dun
ZXK

@) Mo = [ p(am0)dud
ZXK
and the mass of establishments in the tradable good sectors equals

(32) NT,t - NLt + NO,t-

The fixed costs of exporting imply that only a fraction nx; = Ny ;/Np; of home tradable goods
are available in the foreign country in period {.
Given the critical level of technology for exporters and non-exporters, z;; (k) and 2z (k),

we can measure the starter ratio, the fraction of establishments that start exporting among
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non-exporters, as

I f:)ot ns (2) ¥r, (2, k,0) dzdk
[ [oons (2) gy (2,5,0) dzdr

(33) no,t4+1

Similarly, we can measure the stopper ratio, the fraction of exporters who stop exporting among

surviving establishments, as

J, fz“ 2 g, (2, 1) ded

34 Nity1 =
GO e = T wmzm)dzdn

The evolutions of mass of establishments are given by

(35)  Wpp (£5K1) = // 2) Yy (2,5,0) ¢ (2, 1|2, k) dzdk

/ / Vg (25, 1) 6 (2, K]z, ) deds,
K zlt(n

(36) tpyyq (2, K,0) = //Ot 2)hp, (2,5,0) ¢ (2, K |2, k) dzdr

z1 t(n
T @ v e 1) 6 () ded
+NTE,t¢E‘ <2,7 KJ,) )

() b (&) = / e (2) Yy (2) & (2]2) dz + Nygays ()

E. Aggregate Variables

Aggregate investment, I;, is given by the law of motion for capital

(38) I, = K, — (1—0) K,_1.
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Nominal exports and imports are given as

(39) EXtN = / etp;jl,t (Za K, ]-) y;—[,t (Z7 K, ]-) 77Z)T,t (Z7 K, 1) dZdlﬁ
ZXK

40) IMN = Pr, (2,5, 1) yr, (2,5, 1)U} (2, K, 1) dzdk,
t Fit Fit t
ZXK

respectively. Nominal GDP of the home country is defined as the sum of value added from

nontradable, tradable, and final goods producers,
(41) YN =P.D, + EXYN — IM}.

The ratio of trade to GDP is given as

EXYN +IMN

42) TR; =
( ) t 2}/;N

The total labor used for production, Lp;, is given by

1
(43) Lp; = Z / I (2, 5, m) Yoy (2, ,m) dzdr + /ZN,t (2) Yy (2) dz.
m=0 ZXK

z

The domestic labor?® hired by exporters, Lx, is given by

(44) LXJ:// (fo+ k) ¥p, (Z,H,O)dzd/i—l—// (fi +R)Yr, (2,k,1) dzdk.
Kk J 20t (k) K J 21,¢(K)

20Entry costs are measured in units of labor to ensure a balanced growth path.
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From (44), we see that the trade cost, measured in units of domestic labor, depends on the
exporter status from the previous period.
Aggregate profits are measured as the difference between profits and fixed costs and equal

(45) II, = Hpt+2/ U7 (z, &, m)Yr, (2, 5,m) dZd/i—F/HN,t (2) Yy (2) dz

z

—WiLx: — fEW: (Nrg: + Nngy) -

For each type of good, there is a distribution of establishments in each country. For
the sake of exposition, we have written these distributions separately by country and type of
establishment. It is also possible to rewrite the world distribution of establishments over types
as 1 : Rx Rx{0,1} x {H, F} x {T, N}, where now we have indexed establishments by their
origin. The exogenous evolution of each establishment’s productivity as well as the endogenous
export participation and entry decisions determines the evolution of this distribution. The
law of motion for this distribution is summarized by the operator 7', which maps the world

distribution of establishments and entrants into the next period’s distribution of establishments,

wl = T(% NTE» N;E» NNE7 NX/E)

F. Equilibrium Definition
In an equilibrium, variables satisfy several resource constraints. The final goods market
clearing conditions are given by D; = C} 4+ I; and D} = Cf + I}. Each individual goods market
clears; the labor market clearing conditions are L = Lp;+ Lx+ fg (Nrgt + Nyg:) and the for-
eign analogue; and the capital market clearing conditions are K; , = 71 n b (2, 8,m) ey (2,5,m) d

[, Enyt (2) ¥y, (2) dz and the foreign analogue. The profits of establishments are distributed to

the shareholders, II;, and the foreign analogue. The international bond market clearing con-
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dition is given by B; + B; = 0. Finally, our decision to write the budget constraints in each
country in units of the local currency permits us to normalize the price of consumption in each
country as P, = P = 1.

An equilibrium of the economy is a collection of allocations for home consumers C}, By,
Kj; allocations for foreign consumers Cy, B;, K;; allocations for home final good producers;
allocations for foreign final good producers; allocations, prices, and export policies for home
tradable good producers; allocations, prices and export decisions for foreign tradable good pro-
ducers; labor used for exporting costs in both home and foreign; labor used for entry costs; real
wages W;, W, real rental rates of capital R;, R;, and real and nominal exchange rates ¢; and e;;
and bond prices @), that satisfy the following conditions: (i) the consumer allocations solve the
consumer’s problem; (ii) the final good producers’ allocations solve their profit maximization
problems; (iii) the tradable good producers’ allocations, prices, and export decisions solve their
profit maximization problems; (iv) the non tradable good producers’ allocations and prices solve
their profit maximization problems; (v) the entry conditions for each sector holds; and (vi) the

market clearing conditions hold.

4. Calibration

We now describe the functional forms and parameter values of our benchmark economy.
The parameter values used in the simulation exercises are reported in Table 1. The instantaneous
utility function is given as U(C') = C*77/(1 — o) ,where 1/0 is the intertemporal elasticity of
substitution.

The choice of the discount factor, 3, the rate of depreciation, ¢, and risk-aversion, o, is

standard in the literature, 5 = 0.96, 6 = 0.10, and ¢ = 2. The labor supply is normalized to
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The characteristics of establishments in the steady state of our model economy are tar-
geted to match characteristics among U.S. manufacturing establishments in the U.S. in 1987.
We also target a set of moments about how establishments evolve over time and transit across
export status.

The establishment size distribution is largely determined by the underlying structure of
shocks. We assume that the shocks to productivity and fixed costs are independent. Productivity
of establishments in the tradable and nontradable sectors are assumed to follow the same process.
An incumbent’s productivity evolves as 2’ = p.z+¢, with € YN (0,02%).The assumption that an
establishment productivity follows an AR(1) with shocks drawn from an iid normal distribution
implies that this conditional distribution follows a normal distribution ¢ (z'|z) = N (p.z,0?). We
assume that entrants draw productivity based on the unconditional distribution 2z’ = up + g,
with e % N (0,02/ (1 — p?)) .However, to match the observation that entrants start out small
relative to incumbents, we assume this distribution to be shifted to the left, 1, < 0.

The shocks to the fixed costs are assumed to be drawn from a two-state Markov chain,
{k1 K} with persistence of the low shock, p%, and the persistence of the high shock, p?. Since
all exporters incur some fixed cost, we can normalize the low cost shock to k7, = 0, and the high
fixed cost is set to ensure an establishment does not export so kg = oco. Finally, we assume
that high and low fixed cost establishments have the same probability of drawing the low cost
shock, i.e., pt =1 —pl = p 2

We also assume that establishments receive an exogenous death shock that depends on

21Tn the calibration exercises, we initially allowed persistence in the fixed cost shock, pL + p £ 1. However,
the calibration results suggest that p% + pff = 1 provides us with the best fit to the data.
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an establishment’s last period productivity, z, so that the probability of death is given as

ng(z) =1 —ny(z) = max {0, min {\e " +ng,1}}.

Our formulation of the exit probability allows for small plants to have a higher exit rate than
big plants and some big plants to fail. It is a departure from Melitz and Hopenhayn models and
so one might suspect that our results may depend on the way we model exit. However, previous
quantitative analyses of heterogeneous plant models that focus on labor market frictions (see
Veracierto 2001, for example) find similar results with endogenous or exogenous exits. For this
reason, we are not concerned about the effect of this modelling assumption.

The parameter 6 determines both the producer’s markup as well as the elasticity of
substitution across varieties. We set # = 5, which gives the producer’s markup of 25 percent.
This value of # is consistent with the U.S. trade-weighted import elasticity of 5.36 estimated by
Broda and Weinstein (2006) for the period 1990 to 2001.22

The tradable share parameter of the final good producer, -, is set to 0.21 to match the
ratio of manufacturers’ nominal value-added relative to private industry GDP, excluding agricul-
ture and mining for the U.S. from 1987 to 1992. The labor share parameter in the production,
«, is set to match the labor income to GDP ratio of 66 percent. The share of materials in
production, «,, determines the ratio of gross output to value-added in manufacturing. For the
period 1987 to 1992 in the U.S., this ratio averages 2.75 and implies that o, = 0.795.

The total mass of establishments, Ny, + Ny, is normalized to 2 with the entry cost

22 Anderson and van Wincoop survey elasticity estimates from bilateral trade data and conclude @ € [5,10].
Even though the sizes of iceberg costs calibrated are critically dependent on the elasticity, the results are insen-
sitive to the value of 6, since we calibrate the iceberg costs in 1987 and 2002, productivity process, and the fixed
costs to match the key moments in the data and the elasticity adjusted moments in the model.
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parameter fz. In all the analysis, we assume that the mean establishment size of the tradable
sector is as in the U.S. in 1987.
We target features of the establishment and exporter size distributions as well as some

dynamic moment of exporters, non-exporters, and establishments. In particular, we target:

1. An exporter intensity of 10.0 percent in 1987.

2. An exporter intensity of 15.0 percent in 2002.

3. An exporter rate of 37.0 percent for establishments with 100+ employees (1987 Census of
Manufactures).

4. A stopper rate of 17 percent as in Bernard and Jensen (1999), based on the Longitudinal
Research Database (LRD) of the Bureau of the Census 1984-1992.

5. Five-year exit rate of entrants of 37 percent based on establishments that first began
producing (Dunne et al. 1989).

6. Shutdown establishments’ labor share of 2.3 percent (Davis et al. 1996).

7. Entrants’ labor share of 1.5 percent reported in Davis et al. (1996), based on the Annual
Survey of Manufactures (ASM).

8. Establishment employment size distributions (fractions of establishments given the em-
ployment sizes) as in the 1987 Census of Manufactures.

9. Distribution of export participation of establishments with 100+ employees (1987 Census

of Manufactures).

The first two targets, along with 6, pin down the level of trade costs in 1987 and 2002.
Given 6 = 5, trade costs increase export prices by 73.4 percent in 1987 and 53.7 percent in

2002. Anderson and van Wincoop (2004) also find large costs of 65 percent (excluding distrib-
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ution/retail costs), but their measure also includes the trade distortions from fixed costs. The
next two targets relate exporters to the population of establishments. As is well known, not all
establishments export. Those that do are much bigger than the average establishment. There is
also substantial churning in the export market, with the typical exporter exiting after six years
of exporting (measured as the inverse of the exporter exit rate).

The next three targets help to pin down the establishment creation, destruction, and
growth process. New establishments and dying establishments tend to be small, respectively
accounting for only 1.5 percent and 2.3 percent of employment. Moreover, new establishments
have high failure rates, with a 37 percent chance of exiting in the first five years.

The model is calibrated to match the first 7 observations, and to minimize distance be-
tween the distributions in the model and the data (measured by the sum of squared residuals).??
The parameter values are reported in Table 2 and the fit of the benchmark model is summarized
in Table 3. Figure 1 plots the distribution of plants over productivity levels and export status.

We also plot the probability of the death shock.

Establishment Distribution

Overall, our model of plant dynamics and exporting does a very good job of matching
the cross-sectional and dynamics of plants and exporters. This is evident from the three panels
of Figure 2 that plot the key characteristics of establishment and exporter heterogeneity in the
data in 1987 and our calibrated model. The top panel displays the share of establishments (on

a log scale) by establishment size. The model captures the feature that most establishments

23Specifically, we use the following 6 bins for employment sizes: 1-99, 100-249, 250-499, 500-999, 1000-2499,
and 2500 and more employees. The model is solved by discretizing the idiosyncratic shock process and then
using value function iteration to solve for the marginal starters and stoppers. More details are available upon
request.
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are relatively small and that there are relatively few large establishments. Overall, the model
slightly underpredicts the share of small establishments and overpredicts the share of large estab-
lishments. The middle panel displays the share of employment accounted for by establishments
in each size class. The largest gap between the data and the model is in the employment share
of establishments with 1,000 to 2,499 employees. In the data, these establishments account for
10.7 percent of employment while in the model they account for 11.3 percent of employment.
Finally, the third panel displays the share of establishments exporting by establishment size. As
in the data, the share of establishments exporting increases with establishment size. The model
is a close fit to the data on this dimension, with the mean absolute difference of less than 0.15
percent for export participation of establishments with 1004+ employees. Both the assumption
about the lag in starting to export and the stochastic fixed costs are crucial to match the rise in
export participation with establishment size. Without these assumptions export participation

would rise much faster with establishment size.

5. Results

We begin by using the model to explore the impact of the cut in iceberg trade costs
necessary to raise export intensity as in the data. This requires cutting transport costs from
73.4 percent to 53.7 percent. Our analysis is based on a comparison of the steady state of
our model economy that only differs in terms of the iceberg trade costs. We consider the
transition to the new steady state in the next section. The change in the model economy and
the data is reported in Table 4. As before, we concentrate on the growth in trade predicted for
establishments with 100+ employees.

In the first column of Table 4, we see that the model predicts a much larger increase in
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exports than in the data (78.7 vs. 46.4). The larger increase in the share of output exported
results from a much larger increase in export participation in the model than in the data (57.3 vs.
23.7) while the decrease in the exporter premium is quite similar to the data (—20.9 vs. —19.5).
As emphasized in the literature, the model also predicts that employment should shift away
from relatively less productive establishments toward relatively more productive establishments
because sales of exporters will rise and more of these relatively productive establishments will
export. In total, the model predicts that the employment share of establishments with less than
100 employees will fall by 0.1 percentage points while the share of employment in the largest
establishments will rise by 0.1 percentage points. There is a bigger increase in employment in
intermediate-sized plants because these plants are the marginal plants for exporting.

Figure 3 depicts the changes in the establishment and exporter distributions in the model
and the data. Panel (a) depicts the change in the share of establishments in each employment
bin. In the data, the share of small establishments, those with 99 or less employees, rises
by 0.8 percentage points while the model predicts an increase of 0.2 percentage points in the
share of the smallest establishments. In the model, the share of establishments with 100 to 249
employees falls the most. The fall in the mid-sized establishments reflects the increased export
participation by moderately productive establishments and the reduced sales of moderately
unproductive establishments following the cut in transportation costs.

Panel (b) plots the distribution of employment by establishment size in the model and
data for 1987 and 2002. The shift in employment toward large establishments predicted by
the model is at odds with the shift toward smaller establishments that occurred in the U.S.
manufacturing sector over this period. This shift is clearly evident among the largest and

smallest establishment sizes. The share of employment accounted for by establishments with
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2500+ employees fell 5.4 percentage points while the share of employment accounted for by the
smallest establishments rose 2.9 percentage points. In contrast, the model generates a shift in
employment from the small establishments (with fewer than 250 employees) to those with more
than 1,000+ employees.

Panel (c) shows that export participation rose across all establishment sizes in the model
and the data. In both the model and the data, the magnitude of the rise in export participation is
hump-shaped in establishment size, with the greatest increase in participation by establishments
with 100 to 249 employees. However, across all establishment sizes the model overstates the rise
in export participation.

The model misses out on the changes in the distribution of employment over establish-
ments in part because it misses out on the change in the mean establishment size. In the data,
establishment size falls approximately 15.3 percent over this period while in the model it in-
creases by 3.1 percent. To compensate, we rescale average establishment size in our 2002 model
to match the data. This mechanical re-scaling does not alter the relative size of establishments
or the export decision, but alters how we allocate establishments across employment categories.
The result of this rescaling are reported in Figure 3. By shifting establishments into smaller cat-
egories the model can capture some of the changes occurring at large and small establishments
but at the expense of missing out on more of the changes in mid-sized establishments. That this
rescaling only partly improves the fit of the model suggests that the model is missing out on a

source of the fundamental change in the establishment size distribution.
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6. Sensitivity

In this section, we consider two possible explanations for the gaps between the model and
the data. First, we explore whether the gap between the model and data in export participation
and trade arises because transition dynamics are slow in the model so that looking at steady
states overstates the growth in trade. Next, we consider whether the gap may arise from a
reallocation of labor between manufacturing and nonmanufacturing industries as a result of the
fall in trade costs. Both extensions close a very small amount of the gap between the model and

the data.

Dynamics

To solve for the transition dynamics, it is necessary to take a stand on both the dynamics
of trade costs and agents’ expectations of the evolution of trade costs. In terms of iceberg costs,
we assume that they are equal to the measured iceberg cost in census years (1987, 1992, 1997
and 2002) and we then generate trade costs in intermediate years by interpolation (for example,
lggs = fg7 — L—%) In terms of expectations of the path of trade costs, we assume that in
each year the decline in trade costs is entirely unanticipated and expected to be permanent
(Estsyr = 1;). That is, agents do not anticipate future decreases in trade costs.?*

Figure 4 plots the dynamics of export participation (in the model) and trade costs over
time. We also plot the long-run changes in export participation in the model (the dashed line
with crosses) and the data (the dashed line represents 2002 export participation.) Given these
changes in iceberg costs, export participation by 2002 in the model is now about 3 percentage

points below the model’s steady state (63.4 percent vs. 65.6 percent) but still substantially

24This gives the model the best chance of capturing the slow growth of exporters.
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above export participation in the data (46.4 percent). Indeed, the model predicts that by 1992,
export participation should have equalled the level ultimately observed in 2002. Thus, it appears
that transition in response to the fall in trade costs can only explain about 10 percent of the

gap in export participation between the data and the model.

Nontradables

We now examine the role of the change in the sectoral composition of output for our
results. In our benchmark calibration, the model generates a much smaller decline in manu-
facturing employment of 0.2 percent than the approximate 17.2 percent? decline in the data.?¢
Thus it appears that falling trade costs, as well as the increased integration they generate, have
contributed very little to the decline in manufacturing employment. However, the impact of
falling trade costs on manufacturing will depend on the substitution it creates across sectors,
which is governed by the elasticity of substitution between tradables and non-tradables. To

explore this channel, we allow for a more general CES production function of final goods,

Figure 5 plots the relationship between average establishment size, tradable employment,
and the mass of tradable establishments for a range of elasticities from v = 0.2 to v = 1.8

following the fall in iceberg costs. For each value of v we choose a to match the expenditure

25Some of the decline in employment in manufacturing is a result of a switch in the industry classification
system in 1997 from SIC to NAICS. In the appendix, we show that this accounts for a 3.8 percent decline in
manufacturing or slightly less than 25 percent of the decline in manufacturing over the sample.

26 This understates the decline in manufacturing since over this period, according to the small business admin-
istration, total private employment grew almost 25 percent (from 84.9 million to 108.8 million) and the number
of private establishments grew about 18 percent (6 million in 1987 to 7.2 million in 2002).
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on tradables from our benchmark case. Lowering the elasticity of substitution leads to more
resources being allocated to the nontradable sector. However, the changes to manufacturing
employment are minor. Even with v = 0.2, which is lower than the elasticity estimated in the
literature,?” employment in tradables falls 1.4 percent while the number of establishments falls
4.4 percent. Thus, it appears that the changes across sectors from falling iceberg costs cannot
account for very much of the contraction in manufacturing employment.

Varying the elasticity of substitution has no impact on average establishment size since
production in each sector is constant returns to scale. Thus, given a certain mass of establish-
ments, the distribution of employment across those establishments is not affected by sectoral
relative price. Therefore, the elasticity of substitution only affects the mass of establishments

that produce in the sector and, hence, employment.

7. Conclusions

We study U.S. export growth from 1987 to 2002 using a model with heterogenous pro-
ducers and fixed costs of exporting. To the best of our knowledge, ours is the first empirical and
quantitative analysis of the change in trade in a dynamic heterogenous plant model. Given the

8 our analysis provides an important

common use of variants of this model in policy analysis,>
evaluation of this model.

Understanding the changes in trade requires measuring the change in trade costs. Here

we show that, in contrast to the representative agent framework commonly employed, the het-

2TFor instance, estimates of the elasticity of substitution between tradables and nontradables range from 1.24
by Ostry and Reinhart (1991) for a group of developing countries to Mendoza’s (1995) estimate of 0.74 for a
group of industrialized countries.

28Some examples include Roberts and Tybout (1997), Melitz (2003), Bernard, Eaton Jensen and Kortum
(2003), Das, Roberts and Tybout (2005), Baldwin and Robert-Nicoud (2005), Baldwin and Forslid (2006),
Alessandria and Choi (2007b), Atkeson and Burstein (2007).
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erogeneous plant model does not contain a one-to-one link between changes in iceberg costs and
the growth in aggregate trade. We show that by using data on characteristics of exporters, in
particular the intensity with which they export, we can identify the change in iceberg trade costs
over this period. Given this observed decline in iceberg trade costs, the model predicts that the
share of manufacturing output exported should have grown nearly 70 percent more than it did.
Thus, in contrast to the commonly held view in Yi (2003), we find that the puzzle is not that
trade grew so much in this period, but that it grew so little.

The model overpredicts U.S. export growth because it substantially overpredicts the
increase in export participation by U.S. manufacturing establishments. Export participation
did not grow as expected in large part because there was a substantial shift toward smaller
establishments. Given the fixed costs of exporting, these smaller establishments did not find
investing in exporting capacity worthwhile. This shift toward smaller establishments stands
in contrast to the key prediction of the Melitz model that a lowering of trade costs should
lead employment to become more concentrated in relatively large manufacturing establishments
since they are more likely to be exporting and thus can take advantage of the lower trade costs.
That we found that employment became concentrated in the smallest establishments, suggests
that either there are forces beyond trade altering the establishment employment distribution
or that the products produced by small and large establishments are inherently very different.
Perhaps U.S. manufacturers have a comparative advantage in producing goods in establishments
with smaller scale of production (see Holmes and Stevens 2007). However, such an explanation
would have to operate within industries since we find that very little of the shift toward smaller
plants is accounted for by changes in the industry composition of production (see appendix).

Understanding the relation between changes in scale of production and trade is an important
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topic for future research.

Our general equilibrium model of trade also allows us to quantify the role of trade,
and falling iceberg costs in particular, for the shift from tradable to nontradable production in
the U.S., what we associate with manufacturing and manuracturing. We find that increasing
trade integration accounts very little for the decline in employment in the tradable sector,
accounting for at most 10 percent of the decline in manufacturing employment. We conclude
from this that the fall in iceberg costs may matter more for the distribution of employment

across manufacturing establishments rather than the allocation of employment across sectors.
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Table 1: Export Characteristics and Trade
(Establishments with 1004+ Employees)

EXD FEXY Intensity Premium Participation Yys Yzow

1987 6.5 6.1 10.0 164.6 37.0 0 0
2002 10.7 9.7 15.2 135.4 46.9 79.6 88.2
Log change 50.3 464 42.3 -19.5 23.7 8.6

Notes: EXD: exports sales to domestic sales ratio; EXY: exports sales to total sales ratio; Intensity
denotes the ratio of exports to sales of exporters. Premium denotes the ratio of mean sales of exporters
to mean sales of all establishments. Participation denotes the ratio of the number of exporters to the

number of establishments. Data are from Census of Manufacturers (1987 and 2002).

Table 2: Parameter Values

Parameters
f=096,06=20=56=0.10,~v=0.21
a = 0.285, A = 7.563, ng = 0.022, a,,, = 0.795, 157 = 0.734, 192 = 0.537,
p = 0.688, up = —0.355, 0. = 0.332,

fp = 1.655, fo = 0.153, f, = 0.019, ;= 0, kg = 0o, p, = 0.94
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Table 3: Target Moments

Target Value Sunk Cost

5-year exit rate 0.37 0.37
Startups’ labor share 0.015 0.015
Shutdowns’ labor share 0.023 0.023
Stopper rate 0.17 0.17
Exporter ratio (100+) 0.37 0.37
Exporter intensity (100+) 0.10 0.10

Squared sum of residuals (%)
Establishments 0 0.06

Export participation 0 0.03

Table 4: Changes in Export Characteristics and Trade

Export

share Intensity Premium Participation Ly Ny Lp/Np %0+ <100
Data 46.4 42.3 -19.5 23.7 -17.2 -2.3 -15.3 -5.4 2.9
Model 78.7 42.3 -20.9 57.3 -0.2 -3.2 3.1 0.1 -0.1
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Figure 2: Establishment Characteristics by Employment Size
(a) Establishment Share
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Figure 3: Change in Establishment Characteristics by Employment Size
(a) Establishment Share
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Appendix not for publication

Here we describe some details related to solving our model (Technical Appendix) and

some aspects of the data on plant heterogeneity (Data Appendix).

Technical Appendix

The simulation of the model is straightforward, once we keep track of the distributions
of establishments and the value functions of producers. Here, we first describe the approxima-
tion method for the evolution of the productivity distribution of establishments and the value
functions in the tradable good sector.?? Then, we briefly describe the simulation steps for the

steady state and transition dynamics computations.

Approximating Distribution of Establishments

Once we keep track of the distributions of establishments simulating the model is straight-
forward. Here, we describe the approximation method for the evolution of productivity densities
in the tradable good sector (the non-tradable sector is similar).

In the model, the shocks to the fixed cost in exporting are drawn from a two state Markov
chain, {kg, K1} = {00, 0} with persistence of the low and shocks, p~ and p’!, respectively. From
the independence of shocks between the fixed cost in exporting, x, and the productivity, z, we
have ¢ (2/,K'|z,k) = ¢, (K'|k) ¢ (2'|z), where ¢, (K'|k) and ¢ (2’|z) are the transitional proba-
bilities of the shock to the fixed cost in exporting and the productivity, respectively. For the
entrants’ distribution, we have ¢ (', k') = (. ¢ (2') , where (,, is the unconditional probability

of K € {kr,kr}, and ¢ (') is the distribution of the initial idiosyncratic productivity shock.

29The evolution of productivity density and the value function for non-tradable good producers can be obtained
using the same methods.
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The measure of producers in the tradable good sector depends on the evolution of the idiosyn-
cratic shocks and the export decisions, which are a function of the idiosyncratic and aggregate

state, and evolves as

(46)  Wrp (6, 1) = py / ns (2) Yy (2, 51,1) ¢ (7]2) dz

Z1,t

ot / e (2) Yy (251, 0) 6 (']2) d,

20,t

(A7) ot (0 0) = o / e (2) tore (2, m 1) 6 (2)2) d

—00

20
o / 1y (2) by (23 50, 0) 6 (/]2) d=
(1= plf) [ n ) [ o)+ v, o) 61 0

—0o0

+C, Nrpadp (2)

o0

(48) ¢T,t+1 <2/7 RH, 1) = (1 - pg) Ng (Z) ¢T,t ('27 ’%L,l) ¢ (Z,‘Z) dz

21,

+ (1 — pﬁ) /OO ns (2) ¢y, (2,6L,0) ¢ (2]2) dz,

20,

(19) sy (Zorinn0) = (1—pF) / " e (2) e (2, m1) 6 (7)) d

—00

s 1= p) [ @ om0 () d

—00

o / 1y (2) [t (2, R L) + g (2, 1 0)] 6 (]2) d=

—00

+CRHNTE¢¢E (ZI) )

where Nrg, is the mass of entrants in the tradable good sector in period t. We discretize the
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state space and interpolate to approximate the density functions as follows:

First, we choose uniformly spaced nodes for the productivity z € {z!,22,--- , 2/} with an
interval w.?* We choose 2! and 27 so that the absolute values of them are sufficiently large enough
not to affect the results. We approximate the transition probability and the entrants’ initial
distribution, a(zj/|zj ) and bp (27"), based on Tauchen (1986). The approximated densities of

establishments evolve as

J
(50) Y (Zj/7 KL, 1) = Py Zns (Zj) Uy (Zjv FJL,l) ¢ (Zj/|zj> L (5)
j=1
J

+pk Zns () @T,t (27, k1,0) P (zj/|2j) Lot (7)),

j=1

J
(51) Droon (+755,0) = pED ns (29) by (1, 00,1) B (+127) [1 = I ()]
j=1

J
FpE s (1) Ty (7, 02,0) 6 (7'127) [1 = I ()

j=1
J

+(1-p7) Zns () [@AZ)R (27, k1) + QZTJ (27, mﬂ))] o (Zjl|zj>

j=1

Gy Nredg <Zj ) ,

(52) ppp (1) = (1=l 3 () ) o (+,52.1) & (+7127) 1 ()

IIMK

A Zns (&) P (20, 0) B (+7127) o ),
j=1

30We set n = 200. Increasing the number of nodes more than 200 has negligible impacts on
the results.

51



J
(53) Drper (7 0m,0) = (1= pb) Do () b (s 1)6 (%) L= 1)

J
# (1) o () I (7 2.0) 9 (27127) [ = Lo ()

S o, 0] 1)

+CHHNTE,1&¢E (Zj > )

where I,,,; () is the weight function with

)
0 if 29 +w/2 <z,
(54) I (J) = Z’“*Zﬂ if 29 —w/2 < 2y < 27 +w/2,
1 if 27 —w/2 > 24,
.

and m € {0, 1}. This interpolation allows the approximated model to have continuity in the

thresholds for the exporting decisions, 2o+ and 21, and smooth transition dynamics.

Value Function Approximation

We solve the model by value function iteration. The key issue in the solving the model
is to solve for the evolution of the marginal exporters {zo, z1;} .Given the value functions for
exporters and non-exporters in period ¢ + 2, ‘7T,t+2 (27, k;, 1) and ‘7T7t+2 (27, k;,0) , and the values

of aggregate variables in period ¢+ 1 and t 4 2, we first obtain the value functions in period ¢+ 1
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as

Vi (27, kg,m) = re (27, 65,m)

8 (G2) ) [ Db (703 (1)
—i-,O,,CH zj: Vit <Zjla KH, O) 5 <Zjl|zj>

j'=1

VT7t+1 (ZJ, R, m) = HT7t+1 (Z]a KL, m)
+ max {6 <g:i) ZJ [pﬁ Z Vo ( KL, > QAb (zj'|zj)
1_Pn ZVTH—Q ( FLH,O)$<Zj/|Zj>] )
j'=1

Wt (G2) ") o 3 e (1) (419)

)3 Vi (1) (1)

With these value functions in ¢ + 1, we obtain the difference of values for a producer with 27, Ky,

and current exporting status m between exporting and not exporting next period as

dVry (zj, IiL,m) = —Wifm+0 (Cg:l>0 N (zj) *
{ Z |:VTt—|—1 < y KL, ) - VT,t+1 ( y KL, )] @Ab (zj’|2‘j)
=1
mein@mMywm(wquw}
=1

The difference dVr, (27, kr,m) is monotonically increasing in z and passes 0 value where the

producer is indifferent between exporting and not exporting. The thresholds for exporting
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decisions, zp; and z;; are obtained from

wdVr (zg’”, KL, m)

A% (zfmﬂ, Kr, m) —dVry (z{m, KL, m)

_J
Zm,t - Ztm - )

where 2™ = max {27|dVp, (27, k1, m) < 0}.

Parameterization and Initial Steady State Computation
Given the value for the elasticity of subsitution, 6, the iceberg trade costs in 1987 and
2002, 1g7 and 1g9, are obtained based on the export intensities in 1987 and 2002. In the model,

the export intensity is given as

)1—0

1
intensity = (1+¢ )179.

1+ (1+¢

Thus, we set the iceberg costs in 1987 and 2002 based on the export intensity in the data as

1

1 — intensity \ -1 1
t=|—F——F— —
intensity

The other parameter values are obtained based on the key moments in the data with sev-
eral steps of iterations within iterations. First, we set the parameter values for the productivity
innovations and the fixed cost shock process. In this step we search for the critical levels of
technology for exporters and non-exporters, zo and z;, instead of the fixed costs in exporting, fy
and f1. Then, we find f, and f; to match the values of 2y and z; in the steady state computaiton.

This replacement makes computations less complicated.

1. We approximate the density function of establishment level productivity described above.
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Given the values of parameters for the innovation of establishment distribution, p,, 0., and
1y, values of parameters for the shut down probability, A, and n.g, persistence of fixed cost
shocks, pL and pf, and critical levels of technology for exporters and non-exporters, z; and
20, together with the nomalization of entrants, we obtain the distributions of exporters,
non-exporters, and non-tradable good producers.

. With the distributions, we obtain the 5-year exit rate of entrants. We search for the
parameter value of A\, given other parameter values and with the iteration in step 1, which
matches the 5-year exit rate of entrants in the data.

. We search for the critical levels of technology for exporters and non-exporters, z; and z,
with the iteration in Step 2, to match the overall export participation rate and the stopper
ratio of exporters.

. In the model, the employment of an establishment is proportional to the productivity,
l7(z,k,m) =1 [1 +m (14 L)l_e] el0=1)z=,

where 7 is constant. We set 77 so that the model implied average employment level in
the tradable good sector matches the data. Then, we obtain the distributions for estab-
lishments and export participation rate, entrants’ labor share, shut-down establishments’
labor share. We search for the parameter values of the innovation of establishment distri-
bution, p_, 0., and pup, and the shut down probability, n4, with the iteration in Step 3,
to match entrants’ labor share, and shut-down establishments’ labor share, and minimize
the distances between data and model implied distributions for the establishment share

and the export participation rate.
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5. Then, with the iteration in Step 4, we set the parameter values for the process of k, pX-

and pf| to minimize the distance between the model implied and data distributions.

After setting the parameter values for the innovation of productivity, the fixed cost shocks,
and the thresholds for exporting decisions, 2y and z;, we find the steady state values, the fixed
costs in exporting, fo and fi, and the sunk costs in entry, fz, with the normalization of overall

number of establishments. In the steady state computation, we use a two-step procedure.

1. First, given the initial values of the aggregate variables and the fixed costs in exporting,
we obtain the value functions of producers in the steady state with the thresholds for
exporting decisions through the iteration of the value functions.

2. Then, we update the values of the aggregate variables, and the fixed cost parameters.

3. Repeat Steps 1 and 2 until all the steady state conditions are satisfied.

New Steady State

With the new iceberg costs, we obtain the new steady state using the following procedure:

1. Given distributions of producers and the values for the aggregate variables, we obtain the
value functions in the new steady state.

2. Then, with the update of the value functions, and given distributions of producers, we
update the values for the aggregate variables including zo and z;.

3. With updated 2, and z;, we obtain the new steady state distributions of producers.

4. Repeat Steps 1 through 3 until all the steady state conditions are satisfied.
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Transition Dynamics

In the transition dynamics, we assume that the steady state with 11957 is achieved initially.
Then, the iceberg cost falls to 19992 unexpected. In the simulation exercises, we further assume
that the new steady state is achieved in T periods. We set T sufficiently large so that the
resulting transitions are extremely insensitive to an increase in 7.3 We set the initial guesses of
the sequences of variables, value functions, and densities of establishments based on initial and
new steady state values.®> Then, we use two period overlapping blocks to update the guessed
values, densities, and value functions. The two period overlapping block computation gives more
flexibility in updating the values and reduces the initial value problems. We use the following

procedure for the transition dynamics computation:

1. First, given the current period, ¢, densities of establishments, zﬂ%)t (z,k,m) and 1/)%)775 (2),
and the future values of the value functions, V}? 4o (2,k,m) and VA% 49 (2), we obtain
the current and next period, ¢ and t + 1, variables’ values with which the current and
next period equilibrium conditions are satisfied. Here, the superscript (i) denotes the iy,
iteration. In this step, we revise the densities of establishments in period t + 1 and ¢ + 2,
and the value functions in period ¢ and ¢t + 1 for each set of guessed variables’ values.

2. Once the equilibrium conditions for period ¢t and t+1 are satisfied, we update the values of

period ¢ variables, next period densities, ngfﬁ)l (z,k,m) and zp%ﬁfl (2), and the next period

value functions, VT(l:Zrll) (z,k,m) and V]\(,Z; ;2 (2). Note that the densities of establishments

in period t 4+ 1 is determined in period ¢ in the model. Also note that the entrants and

31In the simulations, we set T = 300. The results show that all the variables become very close to the new
steady state in ¢t = 100.

32For example, we can set the initial guesses of sequences as the weighted averages of the two steady state
values.
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incumbents care about the expected value of producers next period not the current period
for their entry and exporting decisions in the model.

3. Do Steps 1 and 2 for t = 1 through t =T — 1.

4. Repeat Steps 1 through 3 until all the sequences of variables, densities, and value functions
converge.

5. Check if the convergence of variables to the new steady state are achieved many periods

before T. Otherwise, increase the terminal period 7" and redo all steps again.

Data Appendix

Here we summarize some aspects of the changing scale of U.S. manufacturing establish-
ments over time. In particular, we consider two things. First, we examine how changes in
industry composition have affected the scale of establishments in manufacturing. Second, we
consider how the change in industrial classification in 1997 from SIC to NAICS affects both the
scale of establishments and size of the manufacturing sector. With respect to industry compo-
sition, we find that changes in the industry composition actually have hidden some of the shift
to smaller scale establishments within manufacturing. With respect to the change in classifica-
tion scheme, we find a very small effect on the size distribution of establishments. We do find
that some of the contraction in manufacturing (about 3.8 percent out of 17.2 percent) can be
attributed to industries being moved out of the manufacturing classification in NAICS.
Industry composition: One possible explanation for the shift toward smaller scale establish-
ments is that it reflects a change in the industry composition of manufacturing. Indeed, if
the US has a comparative advantage in industries with smaller establishments, then increased

global integration would go hand-in-hand with smaller establishments. To see if this is the case,
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we control for changes in the scale of production from changes in the industry composition in
production by calculating average employment per establishment as a weighted average of each
industry’s share of employment in a base year (data is from each Census of Manufacturers).
For simplicity, we choose our base year as 1972. Thus average employment per establishment

in period t is calculated as

J
l; = Y a;Li/Ny,
=1

J
a; = Lj,lQ?Q/E Lj,1972,
j=1

where j is a 4 digit SIC industry.>®> Figure A1l plots the change in average size (denoted un-
weighted), our weighted measure of size (denoted Laspeyres), and a measure that weights each
industry the same (denoted even weights). Controlling for changes in industry composition,
from 1972 to 1997 we actually find even larger declines in scale than with our raw measure (39
percent vs. 22 percent). Thus, it appears changes in the industry composition actually hid an
even larger change in the scale of production.

SIC to NAICS in 1997: One problem in a time series study of US manufacturing is the
change in the classification system in 1997 from the Standard Industrial Classification (SIC) to
the North American Industrial Classification System (NAICS). At the level of manufacturing,

some establishments were added to manufacturing while others were dropped.?* This switchover

33In 1987 a new SIC system was put in place to replace the 1972 SIC classification and so industries were
concorded.

34The prominent industries included in manufacturing from NAICs (but not in manufacturing in SIC) were
bakeries, candy stores where candy is made on the premises, custom tailers, makers of custom draperies, and
tire retreading. While the industries subtracted were primarily logging and publishing. Another change from
NAICs is that auxiliaries with manufacturing are no longer included in the manufacturing date. These auxiliaries
function primarily to manage, service, or support the activities of their company’s operating establishments, such
as a central administrative office or warehouse

59



potentially affects the size of manufacturing in the economy as well as the scale of production
within manufacturing. Fortunately, in the switchover year, plants were classified both ways and
so it is possible to get a sense of the influence of the switchover on both margins. We find that
not accounting for the switchover tends to overstate the decline in manufacturing but has a
much smaller effect on the scale of establishments in manufacturing.

For the size of the manufacturing sector, we find that the shift from SIC to NAICs lowers
the number of manufacturing establishments by 3.8 percent and the number of employees by
3.7 percent. Given the similar drop in workers and establishments the average establishment
size falls by less than 0.1 percent (from 46.47 to 46.43 employees). Thus, while the NAICS
switchover contributes partly to the contraction of manufacturing, it appears to have very little
impact on the average scale of production within manufacturing.

While the switchover may have a small effect on average scale, it may still have af-
fected the size distribution since it affected many firms. From a gross standpoint, as a share
of the SIC-based Census, industries dropped from manufacturing accounted for 9.8 percent of
establishments and 4.7 percent of employees, while those added accounted for 6.3 percent of
establishments and 0.9 percent of employees (as a share of the NAICS-based Census). Given
that switchover affected 5 to 10 percent of the establishments (and 0.9 percent to 4.7 percent
of employment) the NAICS switchover may contribute to some of the shift toward small scale
manufacturing. Indeed, the average plant leaving manufacturing had 22.3 employees while the
average new plant had only 6.7 employees. Thus, some of the shift to smaller plants may be a
measurement issue.

To control for the role of this switch over our sample period, we constructed the size
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distribution of plants in 1997 using both the SIC and NAICS classification.?> We then calculated
the total change in the size distribution as the change in the share of employment from 1987
to 1997 using the SIC code and the change from 1997 to 2002 using the NAICS classification.
Figure A2 plots our measure taking account the NAICS revision along with the raw measure in
the text. Clearly, both measures tell the same story - there has been an important shift from

large plants to small plants.

35To construct the SIC employment-size distribution, it was necessary to estimate the size distribution in a
small number of industries that were affected by the switchover. For each of the affected industries we know
the average size and number of plants plus some moments of the distribution (i.e. plants and employees within
certain sizes) but lacked information on certain employment classes because of disclosure reasons.
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Figure Al: Change in Average Employment Size in Manufacturing

(1972 to 1997)
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