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We study the effects of tariffs and iceberg trade costs in a two-sector dynamic variation of the Melitz (2003)
model extended to include a sunk cost of exporting, establishment-level uncertainty in productivity, capital ac-
cumulation, and material usage. We calibrate the model to match both cross-sectional and dynamic aspects of
US producers related to export participation and the establishment lifecycle. We find a tariff equivalent of
fixed export costs of 30 percentage points. We also find that a sizeable share of export profits is a return to the
organizational capital from investing in export capacity rather than creating an establishment. We use the
model to estimate the effect of reducing tariffs on welfare, trade, and export participation. We find that eliminat-
ing an 8 percent tariff increases the ratio of trade to GDP from 3.9% to 7.4% and raises welfare by 1.02%. Along the
transition, consumption overshoots its steady state, even as trade and the capital stock growgradually, so that the
change in steady state consumption understates the welfare gain. Models without a dynamic export decision
generate more gradual aggregate transition dynamics and smaller gains from trade. Capital accumulation and
material usage are important sources of the welfare gains to trade.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Melitz (2003) has developed a new theory of trade that extends the
partial equilibriummodel of heterogeneous producers and endogenous
export participation from a sunk cost of exporting developed in a series
of papers by Baldwin, Dixit, and Krugman (BDK hereafter) to general
equilibrium.1 This model is quite useful to evaluate the aggregate ef-
fect of trade barriers. It also suggests the possibility of larger gains

from a cut in trade barriers through the endogenous response of ex-
port participation. However, Arkolakis, Costinot, and Rodriguez-
Clare, (20122, ACR hereafter) show that this theory, as commonly
formulated, yields the exact same welfare gains from a change in
trade barriers as earlier trade models that lack fixed export costs
when these models are parameterized to yield the same trade elas-
ticity. In this paper, we re-evaluate the impact of reducing tariffs on
welfare, trade, and the organization of production in a general equilibri-
um formulation of the Melitz (2003) model with producer dynamics
and a sunk export cost that can capture key cross-sectional and dynamic
elements of US establishments and exporters. Unlike the ACR formula-
tion of Melitz (2003), and consistent with the ideas of BDK, exporting
here is an explicitly dynamic decision.3 We find that the welfare gains
from cutting tariffs are up to 2.4 times larger with a dynamic decision
than a static decision and that transition dynamics are crucial to these
differences.

We embed a variation of the empirical model of Das et al. (2007) of
exporting under uncertainty into a two sector general equilibrium
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1 See, in particular, Baldwin (1988, 1989), Baldwin and Krugman (1989), and Dixit

(1989a,b). These papers are interested in explaining the non-constant dynamic relation-
ship between trade and relative prices.

2 Specifically, ACR show under certain assumptions that moving from autarky to zero
tariffs generates the same gain in the Melitz (2003) and Krugman (1980) trade models.
They also show that with no tariffs, the gains from trade from a change in iceberg costs
are the same in thesemodels when they are constrained to have the same trade response.

3 In Melitz (2003) producer productivity is permanent so the distinction between
startup and continuation costs does not matter in steady state.
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model of trade and capital accumulation.4 Variations of this theory have
been found to capture producer and export dynamics in numerous
countries. In a companion paper (Alessandria and Choi, 2011) we
show the model developed here can match the non-linear relationship
between U.S. export growth and declines in trade costs over time. It
involves three main modifications to the standard GE heterogeneous
producer trademodel ofMelitz (2003). First, establishments face persis-
tent idiosyncratic productivity shocks. Second, there is a sunk cost of
starting to export and a smaller period-by-period cost of continuing to
export. The sunk cost makes the export decision dynamic. Third, there
are temporary idiosyncratic shocks to these fixed export costs. These el-
ements generate what Baldwin and Krugman (1989) call exporter hys-
teresis in that establishments continue to export even after their
production costs have risen above the levels that led them to start
exporting. They are necessary to match the high persistence of
exporting and the substantial heterogeneity in characteristics of US
exporters.

Our calibration provides an estimate of US trade costs divided be-
tween variable, startup, and continuation costs.We find a 30 percentage
point tariff equivalent of fixed costs, explaining, in part,why directmea-
sures of trade costs are so much lower than those inferred from trade
flows (Anderson and van Wincoop, 2004). Consistent with previous
work, we also find relatively large costs of starting to export.5 The aver-
age cost of starting to export is 3.7 times the average cost of continuing
to export. In aggregate, fixed export costs account for 53% of gross
profits in our dynamic formulation but only 17% when exporting is a
static decision.

The much larger share of fixed export costs, and smaller share of net
export profits, with a sunk cost arises because a substantial chunk of
gross export profits is a return on the organizational capital embedded
in exporters rather than establishments. Organizational capital deter-
mines the payments to establishment owners, compensating them for
the up-front cost of building establishments or export capacity and
the time it takes to benefit from these investments. In this respect,
with sunk costs, tariffs are more a tax on the organization capital of
exporters and less a tax on the organization capital of establishments.

With a sunk cost we find that the long-run response of exporting
and trade to a cut in tariffs is larger than when exporting is a static de-
cision. With a static export decision, current productivity determines
export participation while with a dynamic export decision, future pro-
ductivity also matters. With mean reverting productivity the value to
a producer from exporting thus rises less steeply with current produc-
tivity than in the static model, making export participation more sensi-
tive to changes in trade barriers. It also implies that the decision to
accumulate establishments rather than exporters depends strongly on
the nature of the export decision. In our benchmark model, lowering
tariffs increases the number of exporters while reducing the number
of establishments. With a static export decision, we find the opposite:
lowering tariffs increases the number of exporters and producers
created.6 The very different effects on establishment creation arise be-
cause with the sunk cost the typical selection effect is weaker as lower
tariffs encourage relatively unproductive exporters to hang around
longer. With these relatively unproductive varieties available there is
less incentive to undertake the relatively costly investment to create

new varieties. The different effects of tariffs on establishment creation
lead to transition dynamics that depend on the dynamics of exporting.

With sunk costs and exporter dynamics there are rich transition dy-
namics following an unanticipated removal of tariffs. Consistent with
the macro evidence, trade grows gradually with the long-run response
about twice as large as the short-run response as it takes time to build
up the stock of exporters.7 Considering this transition period, steady
state consumption understates the welfare gain by about 18%, since
along the transition the economy overshoots the new steady state,
with consumption peaking 10 years after the reform. This overshooting
is particularly surprising since the economymust build up both its stock
of physical capital and exporters.8

The boom in economic activity occurs because tariffs lead to the cre-
ation of too many tradable establishments and not enough exporters
relative to the no tariff steady state. With lower tariffs, existing estab-
lishments can be used effectively to produce new varieties for the for-
eign market by exporting. In addition, current exporters, which have
already incurred the startup cost, continue exporting longer, boosting
the return on that past investment in export capacity. Both margins
allow the investment embodied in existing establishments and ex-
porters to be used more effectively along the transition. Additionally,
there is a boom and bust in productivity from the surge in export
entry as new exporters start out being relatively productive. This
overshooting behavior of aggregates disappears when there is no dy-
namic aspect to the export decision as the familiar neoclassical motive
to accumulate more establishments and capital dampens consumption
growth so that steady state consumption overstates the welfare gains.

We next consider if themain insights of ACR generalize to ourmodel
of exporter dynamics. Specifically, we examine whether 1) the gains
from trade are the same across models with and without fixed export
costs for the same trade elasticity and 2) the change in steady state con-
sumption ourmodel can be described by a simple, but intuitive, formula
relating the trade elasticity to the change in absorption of domestic
goods. While there is no reason to expect the findings of ACR to apply
to our more general, dynamic environment and consideration of transi-
tions and tariffs, it is straightforward to evaluate their insights. We find
that the welfare gain is about 2.4 times larger in our benchmark model
than simpler static models evenwith the same long-run trade response.
The different gains arise primarily from the stronger consumption
response along the transition path in our dynamic model.

We find that the ACR formula overstates the change in steady state
consumption from a change in trade in our model. In the policies we
consider, the formula overstates the gains by 20 to 60%. This is true
even with zero tariffs and a cut in iceberg costs, the case for which the
formula holds exactly with no fixed export costs. These gaps arise be-
cause labor in production depends on trade barriers and the long-run
trade elasticity is not constant. Eliminating discounting, so that agents
value future periods equally and labor in production remains constant,
the gap between the formula and the model is smaller and is due to
non-constant long-run trade elasticity.9

A finalmethodological contribution is to apply quantitativemethods
to the study of a dynamic heterogeneous producer trademodel. This al-
lows us to consider more general, and realistic, processes for individual
establishment dynamics and trade costs and solve for the transition

4 Alessandria and Choi (2007) and Irarrazabal and Opromolla (2008) develop GE
models with sunk costs.

5 Many papers infer the presence of fixed export costswith a large up-front sunk aspect
from the exporting behavior of firms (see Roberts and Tybout, 1997; Campa, 2004;
Bernard and Jensen, 2004; Bernard and Wagner, 2001; Das et al., 2007; and Aw et al.,
2011). Arkolakis (2010) shows that sunk costsmay not be necessary to explain export dy-
namics in the presence of market penetration costs.

6 This statement is about the effect of tariffs in the static export model considered. In
other models with a static export decision and no non-tradables, lowering iceberg costs
typically does not change the number of varieties created but lowers the number of active
producers.

7 Ruhl (2004) summarizes somepapers on the dynamics of the trade response. TheBDK
frameworkwas originally aimed at explaining this non-constant relationship. Using US in-
dustry level data, Gallaway et al. (2003) find that trade responds less over the short-run
than long run to changes in relative prices. Alessandria et al. (2013) show that aggregate
exports respond slowly to movements in real exchange rates following devaluations.

8 Chaney (2005) discusses thedynamics of trade and establishment dynamics following
a trade liberalization without establishment dynamics or a sunk aspect of exporting but
does not solve for the transition path. He also suggests overshooting will occur because
of an abundance of producers relative to the free trade equilibrium. We find that in ver-
sions of themodel Chaney proposes there is nomeaningful overshooting of consumption.

9 In Appendix A we show the formula holds for a marginal cut in iceberg cost.
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