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ABSTRACT  
  
We study Colombia’s trade integration over a 30 year period through the lens of GE model in 
which non-exporters have access to a risky exporting technology and exporters must invest in 
accumulating a better exporting technology. Our model is calibrated to match the producer and 
exporter lifecycles and yields a novel estimate of the various costs of exporting. We find the up-
front costs of starting to export are much lower than in previous analyses but that this 
technology is quite risky in that most firms that incur the cost do not end up with an export 
opportunity. We also find that for existing exporters, expanding exports requires sustained 
export-specific investments. We then examine the transition following Colombia’s 89-91 trade 
reform. We show that the relationship between the firm-level export intensity and aggregate 
export intensity disciplines the changes in technology and policy accounting for this integration. 
We find that a common decline in tariffs can account for about 75 percent of the growth in 
exports as a share of manufacturing sales. We attribute the remaining 25 percent to an increase 
in the success of investments in export market access. About 10 percent of the increase in 
trade is accounted for by the endogenous accumulation of an improved exporting technology by 
existing exporters. These changes in policy and exporting technology boost welfare by about 
7.1 percent. The transition following the reforms is characterized by an overshooting of output 
and consumption, with consumption peaking 15 years after the policy. Further tariff reductions 
are expected to increase welfare another 6.2 percent. 
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RESUMEN  
 
Estudiamos la integración comercial de Colombia durante un período de 30 años a través de la 
lente de un modelo de equilibrio general en el que los no exportadores tienen acceso a una 
tecnología exportadora riesgosa y los exportadores deben invertir para desarrollar una mejor 
tecnología de exportación. Nuestro modelo está calibrado para replicar los ciclos de vida de los 
productores y exportadores y ofrece una nueva estimación de los diversos costos de 
exportación. Encontramos que los costos iniciales para comenzar a exportar son mucho más 
bajos que en análisis anteriores, pero esta tecnología es bastante riesgosa ya que la mayoría 
de las empresas que incurren en el costo no logran exportar. También encontramos que para 
los exportadores existentes, la expansión de las exportaciones requiere inversiones específicas 
sostenidas en el tiempo. Luego, examinamos la transición que siguió a la reforma comercial 
colombiana de 1989-1991. Demostramos que la relación entre la intensidad exportadora a nivel 
de la firma y la intensidad exportadora agregada disciplinan los cambios en tecnología y las 
políticas que dan cuenta de esta integración. Encontramos que una disminución en las tarifas 
puede explicar alrededor del 75% del crecimiento de las exportaciones como fracción de las 
ventas manufactureras. Atribuimos el 25% restante a un aumento en el éxito de las inversiones 
para acceder al mercado exportador. Alrededor del 10% del aumento en el comercio se explica 
por la acumulación endógena de una mejor tecnología exportadora por parte de los 
exportadores existentes. Estos cambios en las políticas y en la tecnología exportadora 
aumentan el bienestar en un 7,1%. La transición se caracteriza por un aumento excesivo de la 
producción y del consumo, que alcanza su máximo 15 años después de la política. Se espera 
que nuevas reducciones arancelarias aumenten el bienestar en otro 6,2%. 
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lating a better exporting technology. Our model is calibrated to match the producer and exporter
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between the firm-level export intensity and aggregate export intensity disciplines the changes in
technology and policy accounting for this integration. We find that a common decline in tariffs
can account for about 75 percent of the growth in exports as a share of manufacturing sales. We
attribute the remaining 25 percent to an increase in the success of investments in export market
access. About 10 percent of the increase in trade is accounted for by the endogenous accumulation
of an improved exporting technology by existing exporters. These changes in policy and exporting
technology boost welfare by about 7.1 percent. The transition following the reforms is characterized
by an overshooting of output and consumption, with consumption peaking 15 years after the policy.
Further tariff reductions are expected to increase welfare another 6.2 percent.
Key words: Trade liberalization; Productivity; Export Dynamics

1George.Alessandria@gmail.com; oscar.avila03@gmail.com. We thank Marcela Eslava and participants
at the SED for helpful comments. We are also grateful to DANE for access to the Manufacturing Survey
and advice about its use. This work was supported by a grant from CAF to promote a research agenda on
“Productivity in Latin America.”



1. Introduction

We study Colombia’s trade integration from 1981 to 2013. In this period, the Colom-

bian manufacturing sector went from being relatively closed, exporting only 5.5 percent of its

shipments in 1981 and 1982, to being substantially more open, exporting almost 15 percent of

its shipments in 2006 and 2007. This tripling of manufacturing exports involved a substantial

change in the involvement of producers in trade and followed a range of policy reforms from

changes in licensing, tariffs, taxes, subsidies, and more. Our primary goal is to identify the

key changes in technology and policy that generated this expansion in trade and to then

quantify the aggregate effects of these changes.

To organize our analysis, we examine Colombia’s integration through the lens of a

dynamic general equilibrium with heterogeneous firms that make forward looking investments

in export market access. In particular, we use a variation of the new exporter model of

Alessandria, Choi, and Ruhl (2014). This model has a flexible specification of the exporting

technology that can capture the salient features of firm lifecycle and growth in the export

market recently emphasized in the literature (see Ruhl and Willis, 2015). It captures the

tendency for new exporters to be relatively small, export a small share of output, and be

relatively likely to exit. It also captures the tendency of surviving new exporters to expand

their export intensity gradually. These features are missing from previous analyses of export

participation in Colombia (Roberts and Tybout, 1997, and Das, Roberts, and Tybout, 2007)

The first question we ask is: What was the technology for exporting in Colombia like

at the start of the trade liberalization? This hinges on the assumptions of our model. We

follow the literature and have firms make investments in export market access. Specifically,

firms incur a sunk cost to start exporting and a different fixed cost to continue exporting.

Additionally, these investments bear some risk in the sense that the investment in market

access has an uncertain return. Specifically, the variable cost of shipping a good is uncertain
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and firm-specific. Over time, with sustained export market participation, we also find that

the shipping technology improves. This introduces an endogenous component to the export

intensity of an exporter and implies a long period of investment in building export sales.

We estimate the nature of this technology for Colombian firms. We find that the up-

front sunk cost to start exporting is quite low, only about 60 percent of the cost of staying

in the market. In contrast, in a study of a subset of Colombian firms in three sectors over

the same period, Das, Roberts, and Tybout (2007) find the up-front entry cost is nearly 10

times the cost of continuing in the export market. We also find that this investment is quite

risky as it only yields exports about 15 percent of the time and that these new exporters use

a technology that is about 9 times worse than the most effi cient exporters. We also find that

ineffi cient exporters have about an 8 percent chance of improving their exporting technology

per year. In this way, we see that the typical new exporter expects it to take 5 to 10 years

before it becomes as effi cient an exporter as the typical continuing exporter.

The next question we ask is whether our dynamic model of endogenous export partic-

ipation calibrated can capture the changes in the level of exports and distribution of exports

from a single policy change, which we model as a change in the tariff. Perhaps surprisingly,

given the various policy tools discussed and enacted in Colombia, we find that moving the

economy from a 20 percent tariff to 7.5 percent tariff captures the 75 percent of the overall

change in exports and is consistent with the change in firm-level export intensity observed.

That is, our model predicts the average export intensity among exporters, what we call the

micro export intensity, will rise by about 46.9 percent while in the data the increase was

about 45.2 percent. Our model also captures the aggregate change quite well as exports over

total sales, what we call the macro export intensity, are predicted to grow by 74.3 percent

while in practice the increase was closer to 95.5 percent. We use the model to decompose the

change in the micro export intensity into a part from the policy change and a part due to
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exporters accumulating a better exporting technology. We find the investments in a better

exporting technology magnify the micro export intensity by about 20 percent.

We then ask what other changes in the exporting technology could account for the

gap between our model and the data on aggregate export flows. Here, we consider a variety

of changes to the fixed trade costs and trade cost uncertainty. To generate the same macro

export intensity while remaining consistent with the micro export intensity and the level

of churning in the export market requires an improvement in the returns to investments in

export market access by non-exporters. Specifically, we find that in the latter period 25

percent of investments in export market access yield exports compared to 15 percent in the

earlier period. Achieving the same growth in the macro export intensity through changes

in the fixed costs of exporting generates large changes in export churning, while changes in

the cost of shipping or the rate at which new export intensity grow are inconsistent with the

observed changes in the micro export intensity.

We then ask whether our finding that the change in the tariff is the key driver of

export growth generalizes to the simpler models that abstract from new exporter dynamics.

Here we find that models that generate exporter dynamics from a sunk cost only or exporter

heterogeneity through a static decision from a fixed cost increases the macro export intensity

by much less, between 64 to 66 percent. To get these models to generate a similar increase in

trade then requires additional changes in the technology of exporting to capture the aggregate

growth.

Armed with a model that captures producer dynamics as well as the aggregate changes

in trade, we next consider how measures of misallocation as in Restuccia and Rogerson (2009)

and Hsieh and Klenow (2009) depend on firm involvement in trade in Colombia. Specifi-

cally, we show that empirically, measures of output misallocation and input misallocation are

strongly related to export and import participation. We show that our model can generate a
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similar relationship related to exporting. In particular, we find that the unobserved resources

invested in accessing foreign markets lead to some variation in each producer’s labor share.

We also find that the tariff leads to a distortion in firm size. Some of this misallocation re-

flects true misallocation from firm’s facing heterogeneous taxes on demand while another part

reflects not properly accounting for fixed labor costs from production or export investments.

Our paper contributes to the recent literature that seeks to identify the effect of changes

in trade barriers on trade and the distribution of activity within countries. Roberts and

Tybout (1997) and Das, Roberts, and Tybout (2007) estimate a structural version of the

Baldwin-Dixit-Krugman sunk cost of exporting model. Alessandria and Choi (2014) build a

general equilibrium of the sunk cost model and use it to decompose the growth of US export

growth. They show the sunk cost model can explain the dynamics of the aggregate trade

flows and the heterogeneous responses of trade from a decline in tariffs and iceberg costs.

In particular, the model is consistent with the stronger long-run response of trade than the

short-run response. They emphasize that GE models that abstract from these producer-level

dynamics would infer substantial changes in the fixed costs of exporting. We find a similar

result here, as these simpler models understate trade growth substantially. Our paper is also

related to empirical work that seeks to sort out the dynamic impact of trade liberalization

methods. A series of papers (Baier and Bergstrand, 2007, Buono and Lalanne, 2012, and

Baier, Bergstrand and Feng, 2014) find trade agreements have gradually effects on trade

flows. Baier, Bergstrand, and Feng find that the trade growth from year 10 to 15 are almost

as large as the growth in the first five years of a trade agreement and that much of the

subsequent growth is related to changes in export participation.

A more recent literature pioneered by Ruhl and Willis (2008), Eaton et al (2008),

Eaton et al (2009) argues that the benchmark dynamic model of exporting with a sunk cost

is inconsistent with observed dynamics of new exporters. Kohn, Leibovici and Szkup (2015)
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develop a partial equilibrium trade model consistent with these new exporter dynamics based

on financial frictions. Alessandria, Choi, and Ruhl (2015) develop a general equilibriummodel

consistent with new exporter dynamics with a more flexible exporting technology and use it

to evaluate the aggregate implications of a policy change. We apply this model to the often

studied trade liberalization in Colombia (Fernandes, 2007, Eslava, et al. 2004, 2013). Unlike

previous work we focus on a much longer period in a general equilibrium model.

In Section 2, we review some evidence on heterogeneity in exporting. In Section 3, we

lay out a model consistent with these features, and in Section 4, we describe our strategy for

calibrating the model. Section 5 describes some results using the model.

2. Data

We summarize some aspects of the Colombian economy related to the changes in trade,

trade policy, the micro-dynamics of trade, and the relationship between trade and measures

of misallocation and international trade.

A. Aggregate Dynamics

We consider the changes in Colombian integration from 1975 to the present. Figure

1 plots three measures of Colombia’s trade integration over time. The first is the ratio of

exports to manufacturing shipments using Census data. The second is the ratio of real exports

to real GDP. The third is the ratio of nominal industry exports to nominal GDP. All three

measures show a substantial expansion of trade from the early 80s to the present of about 75

log points. The nominal measure, which allows for changes in the relative price of exports to

output from real exchange rate or terms of trade fluctuations, shows much greater variability

in the export share than the other two measures.

Figure 1 makes clear that this is a period of increased integration. This integration

reflects substantial changes in trade policy. Figure 2 plots the real trade share and tariff
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revenue relative to imports. There is a substantial change in trade policy from 1989 to 1991

with tariffs falling from about 20 percent to 7.5 percent. These reforms were also accompanied

with a large reduction in non-tariff barriers (see Attanasio-Goldberg-Pavcnik, 2004). Unlike

earlier tariff and licensing reforms in the 70s and 80s, these tariff reductions were maintained

with only slight further reductions in the 2000s and 2010.2

We next consider data on exports from both the Census of Manufactures and Cus-

toms.3 The producer-level data allows us to examine how the characteristics of exporters and

non-exporters changed. Figure 3 summarizes the key changes in manufacturing exports over

this period.

To account for the role of changes in producer heterogeneity in aggregate export

growth, suppose that only n of the N manufacturing establishments export. Let estab-

lishment i have total sales salesi = di + exi with di and exi being the domestic and export

sales then the ratio of exports to total sales can be decomposed as,

Exports
Total sales

=

∑n
i=1 exi∑N

i=1 salesi
=

( ∑n
i=1 exi/n∑n

i=1 salesi/n

)(∑n
i=1 salesi/n∑N
i=1 salesi/N

)( n
N

)
.

Over time, taking logs, the change in the ratio of exports to total sales can be decomposed

2Roberts (), Edwards and Steiner (2000), Attanasio-Goldberg-Pavcnik (2004), Villar and Esguerra (2006),
Fernandes (2007) provide a detailed discussion of Colombia’s trade reforms. Three trade regimes are evident
distinguished: (i) from 77—81 tariffs were lowered and the share fraction of products freely imported rose;
(ii) 82—84, liberalization was partly reversed with tariffs increased and more products restricted or prohibited
(iii) second liberalization (85—91) with reduction of licenses and restrictions and a substantial reduction in
tariffs. The reduction in tariffs was originally planned to phase-in but this phase-in was accelerated with the
Gavira election in August 1990.

3For the period 1981 to 1989 we use the Colombian Census. For the period from 1997 to 2013 we use the
Colombian census merged with the customs data.
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into three components,

Export

share︷ ︸︸ ︷
∆EXS

t

=

Exporter

intensity︷ ︸︸ ︷
∆
(
ext/sales

X

t

) +

Exporter

premium︷ ︸︸ ︷
∆
(
salest

X
/salest

) +

Export

participation︷ ︸︸ ︷
∆ (nt/Nt)

.

All of these components can be measured using the micro data. At the aggregate level,

Colombian manufacturing exports as a share of manufacturing sales grew about 95 log points

in 25 years from 1981/2 to 2006/7 (Table 1). Since the Great Recession, export integration

has reversed a bit so that the net growth is about 83 log points.

For the average exporter (weighted by sales), exporter intensity grew only 46.3 log

points. The much larger increase in the aggregate export share is accounted for by a large

increase in export participation and a substantial decrease in the exporter premium.4 We

also see that changes in export participation tend to be much more gradual than changes in

the micro or macro export intensity.

Figure 4 plots the change in the aggregate export intensity (relative to 1981) against

the change in the micro export intensity. We see that the aggregate export intensity increases

1.85 times the producer export intensity, which is a bit weaker than the 2.16 we see through

when comparing the macro export intensity to micro export intensity from 81 to 2007.

In terms of identifying the change in iceberg costs, in all symmetric models with a

constant elasticity of demand and an iceberg trade cost5 the change in export intensity is

4The precise division between the participation and exporter premium margin can be sensitive to changes
in the sample while the firm-level export intensity and aggregate export intensity are not sensitive to this
division.

5This relationship holds even in a model with vertical specialization.
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driven only by changes in tariffs (τ) and iceberg costs (ξ)6

∆exi −∆di = −θ∆τ + (1− θ) ∆ξi.

Most existing theories treat iceberg costs as exogenous and unresponsive to changes

in tariffs. In our theory producers accumulate a better shipping technology ξi in response to

a change in trade barriers.7 We then can decompose the changes in export intensity due to

exogenous and endogenous forces.

B. Exporter Dynamics

We now describe some salient features of exporter churning and the exporter life-

cycle using the 1981 to 1989 panel (qualitatively similar results hold in the 97 to 13 panel).

These moments have been emphasized in previous work on new exporter dynamics and are

summarized in table 2. First, there are many new exporters. Annually, about 18 percent of

exporters are new to the market.8 Second, many of these starters have exported recently, with

a recent exporter being 30 percent more likely to export. Third, while exporting is extremely

persistent with over 90 percent of exporters continuing, many of these starters exit soon

after entering. Indeed the typical starter has a 25 percent lower chance of continuing than a

continuing exporter. In terms of size, new exporters don’t amount to too much exports. Even

though annually new exporters are 17.6 percent of exporters, they only account for about

4.2 percent of exports. The relatively minor role of new exporters is attributed to them

being small, with sales that are on average 40 percent of continuing exporters, and exporting

less-intensively than continuing exporters, with initial export intensity of only 46 percent of

6Changes in relative demand across countries from changes in the real exchange rate or relative expendi-
tures will also determine export intensity. In a symmetric world these naturally cancel out.

7Our theory also allows for the iceberg cost to respond endogenously to a change in iceberg costs.
8This likely understates the prevalence of new exporters as our data does not include firms with less than

10 workers and most firms are small firms.
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continuing exporters. We also know that these new exporters eventually export as intensively

as incumbents, but it takes time as the persistence of export intensity is about 94 percent.

This suggests that it takes about 11 years for a new exporter to export as intensively as a

continuing exporter. Of course, most new exporters exit before reaching this scale.

C. Misallocation

We next consider how measures of misallocation are related to international trade.

In particular, we follow Hsieh and Klenow (2009) to calculate some distortions using the

Colombian census data and then show that these measures are related to a firm’s involvement

in trade. We find trade-related variables are closely related to the measured distortions,

although, as few firms are involved in trade, these trade-related variables only contribute

slightly to our understanding of the source of the dispersion in distortions. These moments

can be used as an additional test on the fit of the model.

To set ideas, consider the static profit maximization problem of a firm facing taxes on

output, capital, and material inputs.

πsi = (1 + τY si)PsiYsi − wLsi − (1 + τKsi) rKsi − (1 + τMsi)PMMsi

subject to : Ysi = BitP
−σ
it

From the profit maximization we can write out the marginal products of each input

MRPL = (1− αLs)
σ − 1

σ

PsiYsi
Lsi

=
w

1 + τY si

MRPK = (1− αKs)
σ − 1

σ

PsiYsi
Ksi

= r
1 + τKsi
1 + τY si

MRPM = (1− αMs)
σ − 1

σ

PsiYsi
Msi

= PM
1 + τMsi

1 + τY si

We can back out the distortion from some ratios on input usage and measures of elasticities
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and shares. Taking logs yields

ln (1 + τY si) = ln
1

1− αLs
σ

σ − 1
+ ln

wLsi
PsiYsi

ln(1 + τKsi) = ln
1− αKs
1− αLs

+ ln
wLsi
rKsi

ln (1 + τMsi) = ln
1− αMs

1− αLs
+ ln

wLsi
PMMsi

Treating the first terms as an industry and year fixed effect, we can ask how dispersion

is related to trade using Colombian data from 81 to 89. In terms of the output distortion,

τYsi it is clear that the assumption of common elasticity of substitution will be violated if

exporters face a different demand elasticity. It is also clear that a differential tax or subsidy

on exports or output will be a source of dispersion in the output distortion. Likewise it is

clear that the input distortion τMsi
will arise from differences in importing as it implies that

firm’s have different material costs and face different taxes on inputs. Finally, we emphasize

that Lsi should be a measure of labor used in production. To the extent that some labor is

being used for export market access this will also generate a distortion.

We begin by examining how the output tax depends on producer size and trade. Table

3 reports the results of a regression of the output wedge on year and industry fixed effects

and age controls plus controls for size (based on material’s purchased) and controls of export

and import participation as well as the intensity of importing and exporting. We find, that

the tax is lower for larger firms but higher for exporters and importers.

We next consider the relationship between the input tax, producer size, and trade.

Table 4 reports the results of a regression of the output wedge on year and industry fixed

effects and age controls plus controls for size (based on sales) and controls of export and import

participation as well as the intensity of importing and exporting. The input tax is decreasing

in size, measured as sales, but increasing in exporting and importing. Overall, these trade-
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related variables reduce dispersion in distortions by two to three percentage points.

3. Model

We study Colombia’s trade integration through a variation of the general equilibrium

new exporter model of Alessandria, Choi and Ruhl (2015, ACR hereafter). In this model,

when a producer starts to export it does so with a less effi cient shipping technology (i.e. a

higher iceberg cost) than an incumbent exporter. It then takes sustained export participation

over time and a bit of luck for a new exporter to acquire the more effi cient shipping technology

and export as intensively as the typical incumbent exporter. We focus on the technology for

shipping changing, but it is equivalent to have the foreign market build up a taste for the

firm’s product. The nature of the technology for exporting generates a gradual expansion in

the characteristics of exporters following a trade liberalization.

There are two symmetric countries: home and foreign, {H,F}. Each country is pop-

ulated by a unit mass of identical, infinitely-lived consumers that inelastically supply one

unit of labor. In each country, competitive final good producers purchase home and foreign

differentiated intermediate inputs. The final good is not traded and is used for consumption,

investment,9 and as an input into production. There exists a one-period nominal bond, de-

nominated in units of the home final good, that pays one unit of the home final good in the

next period. Let Bt denote the home consumer’s holding of bonds purchased in period t,

B∗t denote the foreign consumer’s holding of this bond, and let Qt denote the nominal bond

price. The home final good is the numeraire, so Pt = 1 in every period. With symmetric

economies and symmetric policies, the foreign price level is P ∗t = 1 and bond holdings are

Bt = 0. With asymmetric policies, the real exchange rate is qt = P ∗t , and Bt will vary. For

9Capital accumulation is included to more accurately quantify the gain from trade. In most models, capital
accumulation tends to increase the steady-state gain from a cut in trade barriers, but makes the steady-state
change overstate the welfare gain. Hence, our results are even more surprising.
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now, we focus on a symmetric equilibrium.

Intermediate goods producers in each country are characterized by their productivity,

fixed export cost, and iceberg trade cost. Productivity is stochastic. Iceberg costs have an

endogenous and stochastic element, while the fixed cost is exogenous. The shocks to pro-

ductivity and iceberg costs generate movements of establishments into and out of exporting;

unproductive establishments exit and new establishments enter.

All intermediate goods producers sell to their own country, but only some export.

Exporting requires paying fixed and variable costs. All exporters face the same ad valorem

tariff, τ , but differ in their iceberg transportation cost, ξι ≥ 1, and fixed export costs. The

tariff is a policy variable, and the revenues collected from the tariff are rebated lump-sum to

consumers. The transportation cost is a feature of technology. Fraction ξi − 1 of an export

shipment is destroyed in transit. Fixed export costs are paid in units of domestic labor.

We depart from the literature in allowing for three possible iceberg costs ξ ∈ {ξL, ξH ,∞}

with ξL ≤ ξH <∞ and two possible fixed export costs f ∈ {fL, fH} , fL ≤ fH . Fixed export

costs and the variable iceberg costs are related. Producers with an iceberg cost of ξ = ∞

are non-exporters. A non-exporter attempts to lower its next-period iceberg cost to ξH by

paying a cost fH . Relative to ACR (2014), we allow the return to this investment to be

stochastic as only η of these investment reduce the iceberg cost. An exporter with iceberg

costs ξt = {ξL, ξH} can incur a cost fL to draw its next-period iceberg cost. We assume

that the transition probabilities are Markovian and that the probability of drawing the low

iceberg costs, ξL, is lower for an exporter with a high iceberg cost than a producer with a low

iceberg cost (i.e., ρξ (ξL|ξH) ≤ ρξ (ξL|ξL)). Thus, part of exporting is making an investment

that may lead to a lower marginal cost of exporting in the future. If an exporter does not pay

fL, it is choosing to exit the export market, and its next period iceberg cost rises to ξ =∞.

This formulation of fixed and iceberg costs is quite general and nests the most common
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approaches to modeling trade. First, when there is no uncertainty in export participation so

that η = 1 then if fL < fH , there is a sunk cost of exporting, as in Das, Roberts, and Tybout

(2007). When fL = fH and ξL = ξH , exporting is a static decision. When fL = fH = 0 and

ξL = ξH , there is no export decision, and this is a general version of the Krugman (1980)

model of monopolistic competition. When η < 1 the outcome of investing in exporting is

uncertain and our model has an element of either the search model of Eaton et al (2009) or

time to build.

To close the model an establishment is created by hiring fE domestic workers and

begins producing in the following period. The measure of country j ∈ {H,F} establishments

with technology z, iceberg costs ξ, and fixed costs f is ϕj,t (z, ξ, f). Establishment exit

(“death") is exogenous and depends on the current productivity level. The state variable of

the economy includes the measure of establishments across individual state variables from

each country and the capital stock in each country. For notational ease, economy-wide state

variables are subsumed in the time subscript.

A. Consumers

Home consumers choose consumption, investment, and bonds to maximize utility sub-

ject to the sequence of budget constraints,

VC,0 = maxE0

∞∑
t=0

βtU (Ct) ,

Ct +Kt +QtBt ≤ WtLt +RtKt−1 + (1− δ)Kt−1 +Bt−1 + Πt + Tt,(1)

where β ∈ (0, 1) is the subjective time discount factor; Ct is final consumption; Kt−1 is the

capital available in period t; Wt and Rt denote the real wage rate and the rental rate of

capital; δ is the depreciation rate of capital; Πt is real dividends from home producers; and
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Tt is the real lump-sum transfer of local tariff revenue. Investment is It = Kt − (1− δ)Kt−1.

The foreign consumer’s problem is analogous. Foreign prices and allocations are de-

noted with an asterisk. The foreign budget constraint is

(2) P ∗t C
∗
t +P ∗t K

∗
t +QtP

∗
t B
∗
t ≤ W ∗

t P
∗
t L
∗
t +R∗tP

∗
t K

∗
t−1 + (1− δ)P ∗t K∗t−1 +P ∗t B

∗
t−1 + Π∗t +T ∗t ,

where all prices are quoted in units of the home final good.

The first-order conditions for the consumers’utility maximization problems are

Qt = βEt
UC,t+1

UC,t
= βEt

U∗C,t+1

U∗C,t

P ∗t
P ∗t+1

,(3)

1 = βEt
UC,t+1

UC,t
(Rt+1 + 1− δ) = βEt

U∗C,t+1

U∗C,t

P ∗t
P ∗t+1

(
P ∗t+1R

∗
t+1 + 1− δ

)
,(4)

where UC,t denotes the derivative of the utility function with respect to its argument. Equa-

tion 3 is the no-arbitrage condition for bonds that equates the difference in expected con-

sumption growth across countries to the expected change in the real exchange rate. Equation

4 is the standard Euler equation for capital accumulation in each country.

B. Final Goods Producers

Final goods are produced by combining home and foreign intermediate goods. The

aggregation technology is a CES function

(5) Dt =

 ∑
j∈{H,F}

∑
ξ∈{ξL,ξH ,∞}

∫
z

ydj,t (z, ξ, f)
θ−1
θ ϕj,t (z, ξ, f) dz


θ
θ−1

,

where ydj,t (z, ξ, f) are inputs of intermediate goods purchased from country j intermediate

good producers. The elasticity of substitution between intermediate goods is θ > 1.

The final goods market is competitive. Given the price of inputs, the final goods
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producer chooses purchases of intermediate inputs, ydj,t, to solve

max ΠF,t = Dt −
∑

ξ∈{ξL,ξH ,∞}

∫
z

PH,t (z, ξ, f) ydH,t (z, ξ, f)ϕH,t (z, ξ, f) dz(6)

− (1 + τ)
∑

ξ∈{ξL,ξH}

∫
z

PF,t (z, ξ, f) ydF,t (z, ξ, f)ϕF,t (z, ξ, f) dz,

subject to the production technology in (5). Here, Pj,t (z, ξ, f) are the home-country prices of

intermediate goods produced in country j establishments. Solving the problem in (6) yields

the input demand functions,

ydH,t (z, ξ, f) = [PH,t (z, ξ, f)]−θDt,(7)

ydF,t (z, ξ, f) = [(1 + τ)PF,t (z, ξ, f)]−θDt,(8)

where the final goods price is defined as

P 1−θ
t =(9) ∑

ξ∈{ξL,ξH ,∞}

∫
z

[
PH,t (z, ξ, f)1−θ ϕH,t (z, ξ, f) + [(1 + τ)PF,t (z, ξ, f)]1−θϕF,t (z, ξ, f)

]
dz.

C. Intermediate Goods Producers

An intermediate goods producer is described by its technology, iceberg cost, and fixed

cost, (z, ξ, f). It produces using capital, k, labor, l, and materials, x, according to

(10) yt (z, ξ, f) = ez
[
kt (z, ξ, f)α lt (z, ξ, f)1−α]1−αx x (z, ξ, f)αx .

The markets that the producer serves in the current period are predetermined, so the producer

maximizes current-period gross profits by choosing prices for each market, PH,t (z, ξ, f) and
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P ∗H,t (z, ξ, f), labor lt (z, ξ, f), capital kt (z, ξ, f), and materials xt (z, ξ, f) to solve

Πt (z, ξ, f) = maxPH,t (z, ξ, f) yH,t (z, ξ, f) + P ∗H,t (z, ξ, f) y∗H,t (z, ξ, f)(11)

−Wtlt (z, ξ, f)−Rtkt (z, ξ, f)− Ptxt (z, ξ, f) ,

subject to the production technology (10), a constraint that supplies to home and foreign

goods markets, yH,t (z, ξ, f) and y∗H,t (z, ξ, f), are feasible

(12) yt (z, ξ, f) = yH,t (z, ξ, f) + ξy∗H,t (z, ξ, f) ,

and the constraints that supplies to home and foreign goods markets are equal to the demands

from final good producers from (7) and its foreign analogue,

yH,t (z, ξ, f) = ydH,t (z, ξ, f) ,(13)

y∗H,t (z, ξ, f) = yd∗H,t (z, ξ, f) .(14)

Given its downward-sloping demand curve, the monopolistic producer charges a constant

markup over marginal cost in each market,

PH,t (z, ξ, f) =
θ

θ − 1
MCte

−z,(15)

P ∗H,t (z, ξ, f) =
θ

θ − 1
ξMCte

−z,(16)

where

(17) MCt = α−αxx (1− αx)−(1−αx)

[(
Rt

α

)α(
Wt

1− α

)1−α
]1−αx

.

16



Note that when ξ =∞, the producer is a non-exporter.

The value of the producer with (z, ξ, f), if it decides to try to export in period t + 1,

is

(18)

V 1
t (z, ξ, f) = −Wtf+ns (z)Qt

∫
z′
η

∑
ξ′∈{ξL,ξH}

Vt+1 (z′, ξ′, fL) ρξ (ξ′|ξ) + (1− η)Vt+1 (z′,∞, fH)φ (z′|z) dz′

 ,

and the value of the producer, if it does not export in period t+ 1, is

(19) V 0
t (z, ξ, f) = ns (z)Qt

∫
z′
Vt+1 (z′,∞, fH)φ (z′|z) dz′,

where ns(z) is the probability that the producer survives until the next period. Note that

this probability varies with the producer’s productivity. The value of the producer is

(20) Vt (z, ξ, f) = Πt (z, ξ, f) + max
{
V 1
t (z, ξ, f) , V 0

t (z, ξ, f)
}
.

Clearly, the value of a producer depends on its fixed cost, iceberg cost, and productivity.

Given that there are three possible levels of iceberg costs, there are now three possible cutoffs,

zm,t, with m ∈ {L,H,∞}. The critical level of productivity for exporting, zm,t, satisfies

(21) V 1
t (zm,t, ξm, f) = V 0

t (zm,t, ξm, f) .

It is straightforward to show that the threshold for exporting is largest for non-

exporters and smallest for exporters with the low iceberg cost (z∞,t > zH,t ≥ zL,t).
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D. Entry

New establishments are created by hiring fE workers in the period prior to production.

Entrants draw their productivity from the distribution φE (z′). Entrants cannot export in

their first productive period. The free-entry condition is

(22) V E
t = −WtfE +Qt

∫
z′
Vt+1 (z′,∞, fH)φE (z′) dz′ ≤ 0.

The mass of entrants in period t is NE,t, while the mass of incumbents, Nt, consists of

the two types of exporters and the non-exporters,

NL,t =

∫
z

ϕH,t (z, ξL, fL) dz,(23)

NH,t =

∫
z

ϕH,t (z, ξH , fL) dz,(24)

N∞,t =

∫
z

ϕH,t (z,∞, fH) dz.(25)

The mass of exporters equals N1,t = NL,t + NH,t; the mass of non-exporters equals

N0,t = N∞,t; and the mass of establishments equals Nt = N1,t + N0,t. The fixed costs of

exporting imply that only a fraction, nx,t = N1,t/Nt, of home intermediates are available in

the foreign country in period t.

Given the critical level of productivity for exporters and non-exporters, zm,t, the starter

ratio (the fraction of establishments among non-exporters that start exporting) and the stop-

per ratio (the fraction of exporters among surviving establishments who stop exporting) are,
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respectively,

n0,t+1 =

∫∞
z∞,t

ηns (z)ϕH,t (z,∞, fH) dz∫
z
ns (z)ϕH,t (z,∞, fH) dz

,(26)

n1,t+1 =

∑
m∈{L,H}

∫ zm,t
−∞ ns (z)ϕH,t (z, ξm, fL) dz∑

m∈{L,H}
∫
z
ns (z)ϕH,t (z, ξm, fL) dz

.(27)

The mass of establishments evolves according to

ϕt+1 (z′,∞, fH) =
∑

m∈{L,H,∞}

∫ zm,t

−∞
ns (z)ϕH,t (z, ξm, f)φ (z′|z) dz +NE,tφE (z′)(28)

+

∫ ∞
z∞,t

(1− η)ns (z)ϕH,t (z, ξ∞, f)φ (z′|z) dz,(29)

ϕt+1 (z′, ξH , fL) =
∑

m∈{L,H}

ρξ (ξH |ξm)

∫ ∞
zm,t

ns (z)ϕH,t (z, ξm, f)φ (z′|z) dz(30)

+ ρξ (ξH |ξ∞) η

∫ ∞
z∞,t

ns (z)ϕH,t (z, ξ∞, f)φ (z′|z) dz,(31)

ϕt+1 (z′, ξL, fL) =
∑

m∈{L,H}

ρξ (ξL|ξm)

∫ ∞
zm,t

ns (z)ϕH,t (z, ξm, f)φ (z′|z) dz(32)

+ ρξ (ξL|ξ∞) η

∫ ∞
z∞,t

ns (z)ϕH,t (z, ξ∞, f)φ (z′|z) dz.(33)

E. Government and Aggregate Variables

The government collects tariffs and redistributes the revenue lump-sum to domestic

consumers. The government’s budget constraint is

(34) Tt = τ
∑

ξ∈{ξL,ξH}

∫
z

PF,t (z, ξ, fL) yF,t (z, ξ, fL)ϕF,t (z, ξ, fL) dz.
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Nominal exports and imports are, respectively,

EXN
t =

∑
ξ∈{ξL,ξH}

∫
z

P ∗H,t (z, ξ, fL) y∗H,t (z, ξ, fL)ϕH,t (z, ξ, fL) dz,(35)

IMN
t =

∑
ξ∈{ξL,ξH}

∫
z

PF,t (z, ξ, fL) yF,t (z, ξ, fL)ϕF,t (z, ξ, fL) dz.(36)

Home nominal GDP is the sum of value added from intermediate and final goods producers,

Y N
t = Ct + It +EXN

t − IMN
t . The trade-to-GDP ratio is TRt =

EXN
t +IMN

t

2Y Nt
, and IMDt is the

expenditure on imported goods relative to home goods,

(37) IMDt =
(1 + τ t)

∑
ξ∈{ξL,ξH}

∫
z
PF,t (z, ξ, fL) yF,t (z, ξ, fL)ϕF,t (z, ξ, fL) dz∑

ξ∈{ξL,ξH ,∞}
∫
z
PH,t (z, ξ, f) yH,t (z, ξ, f)ϕH,t (z, ξ, f) dz

,

so the share of expenditures on domestic goods is

(38) λt =
1

1 + IMDt

,

and the trade elasticity is

(39) εt = − ln (IMDt/IMD−1)

ln ((1 + τ t) / (1 + τ−1))
.

Notice that the trade elasticity is based on expenditures including taxes.

Labor used in production, rather than to pay fixed costs, LP,t, is

(40) LP,t =
∑

ξ∈{ξL,ξH ,∞}

∫
z

lt (z, ξ, f)ϕH,t (z, ξ, f) dz.
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The domestic labor hired by exporters to cover the fixed costs of exporting, LX,t, equals

(41) LX,t =
∑

m∈{L,H}

fL

∫ ∞
zm,t

ϕH,t (z, ξm, fL) dz + fH

∫ ∞
z∞,t

ϕH,t (z,∞, fH) dz.

From (41), we see that the trade cost, measured in units of domestic labor, depends on the

exporter status from the previous period. Aggregate profits are the difference between profits

and fixed costs,

(42) Πt =
∑

ξ∈{ξL,ξH ,∞}

∫
z

Πt(z, ξ, f)ϕH,t (z, ξ, f) dz −WtLX,t −WtfENE,t.

Even though there is free entry in the model, aggregate profits are generally positive. These

profits compensate firm owners for waiting for their investment in producers to mature.

F. Equilibrium Definition

In an equilibrium, variables satisfy several resource constraints. The final goods

market-clearing conditions are Dt = Ct + It + Xt, and D∗t = C∗t + I∗t + X∗t , where Xt is

total material inputs in production, given by

(43) Xt =
∑

ξ∈{ξL,ξH ,∞}

∫
z

xt(z, ξ, f)ϕH,t (z, ξ, f) dz.

Each individual goods market clears; the labor market-clearing conditions are L = LP,t +

LX,t + fENE,t and the foreign analogue; the capital market-clearing conditions are

(44) Kt−1 =
∑

ξ∈{ξL,ξH ,∞}

∫
z

kt (z, ξ, f)ϕH,t (z, ξ, f) dz,

and the foreign analogue. The government budget constraint is given by (34) and the foreign

analogue. The profits of each country’s establishments, Πt, are distributed to its consumers.
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The international bond market-clearing condition is given by Bt +B∗t = 0.

An equilibrium of the economy is a collection of allocations for home consumers Ct,

Bt, and Kt; allocations for foreign consumers C∗t , B
∗
t , and K

∗
t ; allocations for home final

goods producers; allocations for foreign final goods producers; allocations, prices, and export

decisions for home intermediate producers; allocations, prices, and export decisions for for-

eign intermediate producers; labor used for exporting costs and for entry costs by home and

foreign producers; transfers Tt, T ∗t by home and foreign governments; real wages Wt, W ∗
t ,

real rental rates of capital Rt, R
∗
t , and bond prices Qt 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) intermediated good producers’al-

locations, prices, and export decisions solve their profit-maximization problems; (iv) the entry

conditions holds; (v) the market-clearing conditions hold; and (vi) the transfers satisfy the

government budget constraint.

4. Calibration

We calibrate the model to match features of the Colombian economy in 1981/82. We

first describe the functional forms and parameter values of our benchmark economy. The

parameter values are summarized in Table 5.

The instantaneous utility function is U(C) = C1−σ

1−σ , where 1/σ is the intertemporal

elasticity of substitution. The discount factor, β, depreciation rate, δ, and risk aversion, σ,

are standard: β = 0.96, δ = 0.10, and σ = 1.

The distribution of establishments is determined by the structure of shocks. To elim-

inate the role of the elasticity of substitution, θ, in establishment dispersion, we assume

that producer productivity z = 1
θ−1

ln a. An incumbent’s productivity has an autoregressive

component (ρ < 1) of ln a′ = ρ ln a + ε, ε
iid∼ N(0, σ2

ε). With an AR(1) shock process, the
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conditional distribution is normal, φ (ln a′| ln a) = N (ρ ln a, σ2
ε) , and the unconditional dis-

tribution is N
(

0, σ2ε
1−ρ2

)
. Entrants draw productivity based on the unconditional distribution

ln a′ = µE + εE, εE
iid∼ N

(
0, σ2ε

1−ρ2

)
, where µE < 0 is chosen to match the observation that

entrants are smaller than incumbents. Establishments receive an exogenous death shock that

depends on an establishment’s previous-period productivity, a; the probability of death is

nd (a) = 1− ns (a) = max
{

0,min
{
e−λa + nd0, 1

}}
.

The parameter θ determines both the producer’s markup and the elasticity of substi-

tution across varieties. We set θ = 5 to yield a producer markup of 25 percent. There is

much heterogeneity in tariffs across sectors and in export subsidies. We assume this producer

level heterogeneity is accounted for by our heterogenous trade costs and thus set the initial

tariff rate to 20 percent.

Recall that four parameters determine the dynamics of export intensity: the two

iceberg costs {ξH , ξL} and the transition probabilities, which we denote {ρLL, ρHH}. For

simplicity, we assume that ρLL = ρHH = ρξ, so that three parameters determine producer-

level export intensity dynamics.

The labor share parameter in production, α, is set to match the ratio of labor income

to GDP in the United States (66 percent). In the model, αx determines the ratio of value

added to gross output in manufacturing. In the United States, this ratio averaged 2.8 from

1987 to 1992 and implies that αx = 0.81. The entry cost, fE, is set to normalize the total

mass of establishments, N , to one. The mean establishment size is normalized to the mean

establishment size in the Colombia in 1981 and 1982.

The eleven parameters,
{
λ, nd, ρz, σ

2
z, µE, fL, fH , ξL, ξH , ρξ, η

}
, are chosen to match the

following observations:

1. An initial aggregate export-to-sales ratio of 5.5 percent
2. The exporter size distribution.
3. A weighted mean export intensity of 13.3 percent.
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4. An initial export intensity of half the mean export intensity.
5. A five-year export intensity twice the initial export intensity .
6. A stopper rate of 18.0 percent.
7. Establishment employment size distribution.
8. Five-year exit rate for entrants of 37 percent .
9. Entrants’labor share of 1.5 percent
10. Shut-down establishments’labor share of 2.3 percent.

The first six targets largely summarize the dynamics of export intensity and determine

the technology for shipping
(
ξL, ξH , ρξ, fL, fH , η

)
. The next four targets help pin down the

establishment creation, destruction, and growth process (ρz, σε, λ, µE, nd). Newborn estab-

lishments and dying establishments tend to have few employees, and newborn establishments

have high failure rates. The final three targets are based on the US but can be updated based

on the work of Roberts (96).

The model is calibrated to match some aggregate measures of trade and some aspects

of producer heterogeneity.10 Figure 5 depicts the characteristics of Colombian producers at

the start of the sample (averaged over 1982 and 1983) that we target. We focus on producers

with at least 10+ employees (measured in effi ciency units of labor). The top panel shows the

producer size distribution on a log scale (expressed as a share of plants with 10+ employees).

Most plants have relatively few employees, although the most common plant has between

20 and 100 employees. There are relatively few plants with 500 or more employees. The

middle panel shows how employees are distributed over these heterogeneous producers. Most

workers are working at plants with 1000+ employees, with nearly 35 percent of employment

at plants with 1000+ employees. The bottom panel shows that rate of export participation

is increasing in plant size, although there are many plants with 1000+ employees who do not

export.

Our model captures these features of the size distribution of producers and export

participation quite well. There are not quite enough plants with 500+ employees and the

plants with 1000+ employees are a bit too big. In terms of export participation, the theory

10To calibrate the model we need to make a couple of adjustments to the data. First, we rank firms by their
effi ciency units of labor. Second, since small producers are under-represented in the Census data we make an
adjustment by assuming that the small producers in our sample are representative of all small producers but
sampled only 12.5 percent. This assumption has a minor effect on output or trade since these producers are
small and unlikely to export.
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generates export participation that rises with size, although the increase in size is too steep

for mid-sized plants and not increasing enough for the largest plants.

The top panel shows that the model generates relatively few relative large firms. The

middle panel reports the employment share in each size bin in the data and model. Here

the fit is almost perfect for the share of producers between 10 and 500 employees. There is

not enough employment in producers with 500 to 1000 employees and too much employment

in 1000+ producers, even though the model has too few large producers. The bottom panel

depicts export participation by size. Here the model captures the increase in participation

by size, although it flattens out more in the model than the data when going between the

largest two categories.

Table 5 reports the key parameters and some moments from the model. The model

captures the aggregate export share but understates the producer level export intensity (13.2

vs 12.3 percent). It generates substantially churning in the export market with 18.5 percent

of exporters exiting. These new exporters account for relatively little of overall exports.

A. Misallocation and Trade

Here we examine the ability of the model to generate misallocation similar to the data.

While our model has no misallocation from producer-specific taxes or subsidies, there will

be some dispersion in the ratio of labor expenses to revenue (or materials) from the fixed

costs and the tariff. This is another test of the model’s fit with respect to technology and

policies. We focus on how the output tax is related to trade-related variables by running the

same regressions as earlier. Table ?? shows that similar to the data, the model generates

an output tax that is falling in size, increasing in exporting, and falling in export-intensity.

The coeffi cient on materials, a proxy for size, is quite similar compared to the data (-0.20 vs

-0.23) while the coeffi cient on exporting is larger (0.46 vs 0.25) and the coeffi cient on export

intensity is a good bit smaller in absolute value, (-0.09 vs -0.49). To close the gap between

the model and the data would require introducing a more careful modelling of a subsidy that

affects exporters similar to that in place in Colombia over this period.
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B. Results

We begin by exploring the impact on the economy of lowering the 20 percent tariff

for Colombia and the ROW to 7.5 percent. We focus on the change in the stationary steady

state.11 Table 7 reports the change in the macro and micro export intensity in the model and

the data. The model closely matches the change in the macro and micro export intensity.

The micro export intensity grows 45.2 percent through 2007 compared to 47.0 percent in

the model. The macro export intensity grows 95.5 percent in the data while it only grows

74.3 percent in the model. Overall, we find the ratio of the macro to micro elasticity is 1.58

compared to 2.11 in the data.

In addition to an extensive margin of trade, our model features an endogenous in-

tensive margin. It is straightforward to decompose the change in the micro export intensity

margin into an exogenous and endogenous component. Recall that the change in micro export

intensity is

∆exi −∆di = −θ∆τ + (1− θ) ∆ξi.

Rearranging things and using our assumption of θ = 5, we can calculate the elasticity of

trade costs to tariffs

εξτ =
∆ξi
∆τ

=
∆exi−∆di

∆τ
+ θ

1− θ =
0.85

4
≈ 0.21.

We thus infer that the average exporter improved its shipping technology by 2.1 percent.

Now while the model closely captures the change in the micro export intensity, it

understates the macro export intensity by nearly 20 log points. As evidence of this failure,

Figure 8 shows that the model understates export participation across all size categories12

and that the amount of the miss is increasing in size. Figure 9 shows that the model also

misses out on the share of employment in the two largest size categories, with too much

11We also intend to consider asymetric reforms.
12The smallest size categories in the model and the data are not directly comparable as the survey does

not accurately capture the presence of small produces while there are no sampling problems in the model.
Unlike the 1981/82 sample we do not adjust for this sample in the data here, although it is straightforward
to.
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employment at the largest firms and not enough at producers with 500 to 1000 employees.

To account for the change in the data requires a policy or technology change that

operates primarily by inducing more exporting but not in a way that affects the micro export

intensity. The most straightforward possibility is for the technology for investments in the

technology for exporting to be more successful. We consider an increase in the technology

from η = 0.147 to η = 0.25 so that a producer that invests in exporting is much more likely

to export.

By changing the outcome of an investment in market access, we find that the model

matches the macro export intensity of 95.5 with only a small increase in the micro export

intensity to 47.8 percent. Additionally, the model closely captures the distribution of export

participation by size along with the churning we see in the data. It also closely matches the

employment share by establishment size.

We also consider changing the up-front entry cost and continuation cost individually

and jointly to achieve the same increase in the macro export intensity (Table 7). Each of

these technology changes leads to a larger increase in the micro export intensity to 49 to 54

percent. They also lead to substantial changes in the persistence of exporting relative to the

data.

We next consider some changes in the size of the iceberg cost and the dynamics of the

iceberg cost. These changes can generate a larger macro export intensity but only by increas-

ing the micro export intensity. Specifically, we consider cutting the high and low iceberg cost

by the same amount (∆ξ), lowering the persistence of the iceberg cost, (∆ρHL = ∆ρLH) and

allowing producers to grow faster by lowering the persistence of the initial iceberg technol-

ogy (∆ρHL). All three of these changes generate more trade by expanding the micro export

intensity by over 61 percent.

C. Alternative model

We next explore how well models that abstract from new exporter dynamics can

account for the growth in Colombian exports. In particular, we consider a variation of the

sunk cost model of exporting developed by Das, Roberts, and Tybout (2007) and extended

to general equilibrium in Alessandria and Choi (2014) as well as a variation in which there
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is no sunk cost. In each of these model we parameterize the models to get the same initial

exporter export intensity and overall trade share. Essentially, we set η = 1, ξH = ξL and

then vary the iceberg cost and fixed costs to capture the micro and macro export intensity.

Additionally, in the sunk cost model we vary the dispersion in idiosyncratic shocks, σ to get

a similar stopper rate as in our benchmark model.

The third and fourth columns of Table 5 report parameters of the estimated model.

These models miss out substantially on the distribution of export participation and overstate

the importance of new exporting, particularly the fixed cost model which also has almost 40

percent of exporters being new exporters. The last two rows of 7 report the changes in the

micro and macro export intensity in these alternative models from the cut in the tariff. Both

models generate the same change in the micro export elasticity.

These two alternative models generate a smaller expansion in the micro export inten-

sity of 40.4 percent compared to 47.0 percent in our benchmark model. They also generate

movements in overall trade that are only 1.59 to 1.64 times the movement in the micro ex-

port intensity. In total, we find that the new exporter model generates a stronger expansion

through the extensive and intensive margins. To generate the same expansion in trade in

these alternative model requires introducing a broader range of policy interventions.

D. Aggregate Implications

Our general equilibrium model is well-suited to evaluate the aggregate implications

of this change in tariff policy and the change in export technology.13 We consider both the

effects of these changes in policies on the steady state as well as the transition to the new

steady state.

Table 8 reports the changes in the steady state of the economy and welfare and the

contribution from the change in tariffs and the improved matching technology. The tariff ac-

counts for a small share of the long-run increase in consumption, (2.3 percent vs 6.1 percent).

These differences seem to be related to the decline in tariffs generating the lion’s share of the

decline in the number of establishments producing goods (3.8 percent of 4.8 percent).

13The transition here is for a variation with no capital and no intermediates. In general, including these
magnify the gains along the transition but have a minor impact on the the long-run consumption change or
the dynamics of trade.
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Figure 10 plots the dynamics of consumption and capital, plant creation and the stock

of plants, and the micro and macro export intensity plus the change in export participation

We compute the transition assuming an unanticipated decline in tariffs and improvement in

the return to investment in exporting.

A global reduction in tariffs and improvement in the return to investing in market

access leads to a gradual expansion in consumption. The first year increase is about 2.8

percent and this gradually expands for the first 15 year reaching a peaks of about 10.4 percent

above the original level. It then gradually reverts back so that the long-run consumption gain

is 6.1 percent. This overshooting is a familiar feature of dynamic models of exporting (see

Alessandria and Choi, 2014, and Alessandria, Choi and Ruhl, 2015) and leads the welfare gain

to exceed the change in consumption, 7.1 percent vs 6.1 percent. This overshooting occurs

even though the economy accumulates more capital. Capital accumulation lags consumption

growth in the early years of the transition but soon exceeds consumption growth by about

two percent.

The overshooting occurs even though trade grows gradually and reflects the dynamics

of plant creation. Prospective entrants are discouraged from entering in the face of increased

current and future foreign competition and discounting the future benefits from exporting.

This initially frees up resources for production but in the long-run reduces the scale of the

economy. Indeed, we see a large decline in firm creation and a gradual reduction in the mass

of plants.

In terms of trade dynamics, the micro export intensity expands non-monotonically

while the macro export intensity and export participation rise monotonically. The non-

monotonic nature of the micro export intensity arises from the surge in export entry bringing

in a lot of relatively ineffi cient exporters that lower the micro export intensity after the first

period surge from the decline in tariffs (recall we assume there is a lag between paying the

export cost and exporting). As some of these young ineffi cient exporters mature, the shipping

technology gradually improves. This gives rise to a non-linear relationship between the micro

and macro export intensity (Figure 11) that is somewhat consistent with the data (Figure 4 ).

Overall, we find that the model generates a gradual expansion of exports with the short-run

trade response less than half of the long-run response.
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Finally, we consider the separate impact of the change in tariffs from the change in

tariffs and technology. Table 8 reports the changes in welfare and change in steady state of

the economy. Just over half of the welfare gain is from the tariff (3.7 percent vs 7.1 percent).

We also see that the tariff accounts for a small share of the long-run increase in consumption,

(2.3 percent vs 6.1 percent). These differences seem to be related to the decline in tariffs

generating the lion’s share of the decline in the number of establishments producing goods

(3.8 percent of 4.8 percent).

E. Further Liberalization

After the great liberalization of the 89-91, tariffs have held steady at about 7.5 percent.

Only since 2010 have they dropped down slightly. We now examine the aggregate impact of

further reducing tariffs to zero starting from the new steady state of the economy (although

the economy has not reached that point yet). The final column of 8 reports the impact of

this experiment and figure 12 summarizes the transition of some key variables.

Eliminating these final tariffs is expected to increase welfare another 6.2 percent, or

only slightly less than the previous liberalizations. Of course, just comparing the change

from the tariff in the previous liberalization this would yield nearly twice the gain. Similar

to before, the model yields slow export growth and fast consumption and capital growth and

overshooting. The long-run effects would raise consumption by 5.3 percent and capital by

almost 9 percent.

5. Conclusion
This paper studies empirically and theoretically Colombia’s trade integration over an

almost 30 year period. We calibrate a variation of the dynamic heterogenous producer model

of Alessandria, Choi and Ruhl (2015) to Colombia in the early 1980s. Our calibration yields

an estimate of the technology for exporting that is quite different than that estimated in

previous papers in that the technology for exporting does not involve very large up-front

costs but is quite risky and so many producers are actively trying to export but only few are

successful. The costs of trade and production generate dispersion in measured misallocation

related to size and trade that is consistent with the data despite there being no producer-level

distortions in the model.
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We then examine the ability of the model to capture the changes in the producer

level participation in export markets from a change in tariffs and an improvement in the

effi ciency of investments in market access. Perhaps surprisingly, given the diverse range of

policy changes undertaken, we find that the model closely matches the observed changes in the

extensive and intensive margin of trade in this period from these two changes. Other policy

or technological changes can also generate the same observed macro export intensity only by

substantially changing the amount of exporter churning or generating too much expansion in

the micro export intensity.

We use the model to split the growth in exports into a part due to the policy change and

the endogenous response of trade participation and the shipping technology to the change

in trade policy. We find that endogenous response of exporters magnified the change in

tariffs by about 80 percent. Models without new exporter dynamics generate a much smaller

magnification of only 50 to 60 percent and thus would infer much larger changes in alternative

policies in Colombia.

We find these changes in trade policy have had important aggregate effects of the

economy, boosting welfare by about 7.5 percent. We find similar gains to further lowering

tariffs all the way to free-trade.

Our analysis abstracts from asymmetric policy changes and aggregate fluctuations. We

are currently extending the analysis to study the precise timing of reforms and the relative

importance of import and export reforms. The movements in the real exchange rate and the

business cycle certainly influenced trade and trade policy in Colombia and trade policy likely

influenced the movements in the trade balance and real exchange rate. Understanding these

interactions is likely to matter in a full accounting of Colombia’s integration.
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Data Appendix
Exporter Dynamic statistics: To measure how export intensity and continuation prob-

abilities of starters at different horizons compare to the unconditional moments, we define
export intensity for firm i as

exsit =
exportsit
salesit

An exporter dummy is then defined as

dexit =

{
0
1

exsit < 0.0001
exsit ≥ 0.0001

Starter and stopper dummies are defined as

dstarterit =

{
0
1

otherwise
dexit−1 = 0 & dexit = 1

dstopperit =

{
0
1

otherwise
dexit = 0 & dexit+1 = 0

With these in hand, we run the following sets of regression

1. Marginal exporter premia/discount: To calculate the relative size of a the marginal
exporters, i.e. starters and stoppers, we define a dummy as

dmit =

{
0
1

otherwise
dstarterit = 1 or dstopperit

We then run a regression of

xit = αmd
m
it + λdexporterit−k +Xit + εit,

where xit is either log sales or log employment. We then report exp(αm) to get the
relative size of the marginal exporter to an average exporter.

2. Export intensity dynamics come from a regression of

exsit = α0+ρexsit−1+βdstarterit +
n∑
k=0

λkd
exporter
it−k +

n∑
k=0

θkd
stopper
it+k +ξdstopper,starterit +η ln (empit−1)+Xit+εit

We also include a separate dummy for firms that start and stop in the same year since
the time aggregation problem for these guys is most extreme. Given the coeffi cients, we
can then estimate a path for a continuing exporter. An advantage of this approach is
that we can trace out the evolution of continuing exporters beyond our sample period.

3. Export participation - we run regression of export participation on

dit = α0+ρexsit−1+βdstarterit +

n∑
k=0

λkd
exporter
it−k +χdlast2it +ξdstopper,starterit +η ln (empit−1)+Xit+εit
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where dlast2it = 1 if a producer last exported in t-2.

All regressions are done with year and industry fixed effects and robust standard errors
clustered by plant.

Weighting. To explain aggregate exports, we should weight each plant in the regression
by its sales in each year.

To calibrate our model requires us to deal with two measurement issues related to
small producers being under-represented in the Census and employment measures being a
poor measure of the labor input. To deal with the first feature, we assume that there are many
more plants with less than 10 employees that looked exactly like the plants in the sample.
The assumption that these guys are representative may be strong since there is something
that leads them to be in the sample and not the other producers.

To deal with the second feature, we created an effi ciency until of labor. That is, we
measured total labor payments per worker in the aggregate and then divided labor payments
(salaries and benefits) by producers by this measure. This gives me a distribution of firms by
effi ciency units of labor which we used to discipline the model. In short, this approach says
that a much larger share of employment is in the largest plants. An added advantage of this
approach is that sales rises almost one for one with this measure of employment while with
the body county it rose about 25% faster. This may reflect differences in hours worked or
effi ciency of workers.

Distortions: We use the following data to construct distortions

• Material costs = ic + import taxes (t2)
• Labor costs = salaries (w7) + benefits (w14)
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Figure 1: Change in Aggregate Export Share
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Table 1: Decomposition of Export Growth (relative to 81/82)

EXS exs Participation Premium
1988/89 0.329 0.204 0.103 0.021
1997/98 0.419 0.034 0.702 -0.315
2006/07 0.955 0.452 1.106 -0.603
2012/13 0.860 0.355 1.048 -0.543
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Table 2: Colombian Exporter Dynamics

81-89 97-13
Annual Participation 17.6 13.1

Annual Exports 4.2 2.1

Marginal Exporter’s Sales 0.41 0.60
exs1
exs

0.46 0.42
ρexs 0.94 0.94

Yr avg 11 13
exs20
exs

1.33 1.21
Export Probability

Exporter 0.90 0.83
Starter 0.66 0.56

Last exported 2 years ago 0.30 0.20

Table 3: Output Wedge
tauy tauy tauy tauy tauy tauy tauy

Inputs -0.23∗∗∗ -0.26∗∗∗ -0.26∗∗∗ -0.26∗∗∗ -0.25∗∗∗ -0.33∗∗∗

Exporter -0.18∗∗∗ 0.15∗∗∗ 0.26∗∗∗ 0.25∗∗∗ 0.25∗∗∗ 0.19∗∗∗

Importer -0.28∗∗∗ 0.15∗∗∗ 0.14∗∗∗ 0.22∗∗∗ 0.22∗∗∗ 0.16∗∗∗

Export Intensity -0.50∗∗∗ -0.49∗∗∗ -0.50∗∗∗ -0.44∗∗∗

Import share -0.24∗∗∗ -0.25∗∗∗ -0.27∗∗∗

Invent-Sales 0.04∗∗∗

Inventory-BOY 0.05∗∗∗

Inventory-EOY 0.06∗∗∗

N 6.1e+04 6.1e+04 6.1e+04 6.1e+04 6.0e+04 6.0e+04 5.5e+04
r2_a .54 .36 .55 .55 .56 .56 .59
rmse .54 .63 .53 .53 .52 .52 .5
Controls: age, industry, year, months
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Table 4: Input Wedge
taum taum taum taum taum taum

Sales -0.28∗∗∗ -0.32∗∗∗ -0.31∗∗∗ -0.28∗∗∗ -0.33∗∗∗

Exporter -0.18∗∗∗ 0.23∗∗∗ 0.33∗∗∗ 0.29∗∗∗ 0.28∗∗∗

Importer -0.39∗∗∗ 0.11∗∗∗ 0.22∗∗∗ 0.18∗∗∗ 0.19∗∗∗

Import Intensity -0.32∗∗∗ -0.35∗∗∗ -0.34∗∗∗

Export Intensity -0.50∗∗∗ -0.43∗∗∗ -0.43∗∗∗

Inventory Sales 0.07∗∗∗

Inventory-BOY 0.04∗∗∗

Inventory-EOY 0.01∗∗

N 60853 60906 60853 60298 55440 55440
r2_a .41 .3 .41 .44 .48 .39
rmse .85 .92 .84 .8 .73 .8
Controls: age, industry, year, months
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Table 5: Model Parameters

Common parameters
β σ δ
0.96 1.0 0.10
Model-specific parameters

Benchmark Sunk Fixed

θ 5.00 5.00 5.00
α 0.132 0.132 0.132
αm 0.810 0.810 0.810
λ 0.128 0.128 0.128
nd0 0.0226 0.0226 0.0226
ρz 0.90 0.90 0.90
σε 0.975 0.851 0.851
µE -1.31 -1.31 -1.31
θfE 6.84 6.75 6.772
fH/fE 0.033 0.327 0.15
fH/fL 0.61 3.44 1
ξH 1.906 1.45 1.45
ξL 1.1014 1.45 1.45
ρξ 0.925 0.5 0.5
η 0.1416 1 1

Overall Fit (RMSE)
Estab + Empl. 1.73 3.97 3.95

Export 2.66 13.43 14.9
Additional Implications

Macro Export Intensity 5.5 5.5 5.5
Micro Export Intensity 12.3 12.3 12.3

New Exporters 19.0 19.1 40.4
New Exporter Exports 4.2 19.6 27.9
Entrant Labor Share 2.18 2.46 2.46
Shutdown Labor Share 1.07 1.84 1.84

Entrants 5-year Survival Rate 37.0 38.0 38.0
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Table 6: Output Wedge from Model
tauy tauy tauy tauy

Inputs -0.19∗∗∗ -0.20∗∗∗ -0.20∗∗∗ -0.20∗∗∗

Exporter 0.45∗∗∗ 0.46∗∗∗

Export Intensity 3.07∗∗∗ -0.09
N 615 615 615 615
r2_a .57 .59 .58 .59
rmse .39 .38 .38 .38
Controls: age, industry, year, months
∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001

Table 7: Export Growth: Model vs Data
Macro Micro Ratio Intensive Margin Stopper Rate

Tariff Trade costs
Data (06/07) 95.5 45.2 2.12 15.5

Benchmark 74.3 47.0 1.59 40.4 6.6 17.2
∆η 95.5 47.8 2.00 40.4 7.4 16.6
∆f1 95.7 54.1 1.76 40.4 13.7 4.0
∆f0 94.6 49.0 1.93 40.4 8.6 38.8
∆f0 = ∆f1 95.8 53.2 1.80 40.4 12.8 8.9
∆ξ 95.5 61.3 1.56 40.4 21.2 16.7
∆ρLH = ∆ρHL 95.4 61.4 1.56 40.4 21.0 19.1

∆ρHL 95.5 61.3 1.56 40.4 21.2 16.2
Sunk Cost 66.1 40.4 1.64 40.4 0 16.0
Fixed Cost 64.4 40.4 1.59 40.4 0 36.0

Table 8: Welfare Change and Steady State Change
Tariff Tariff and ∆η To Free Trade

Welfare 3.7 7.1 6.2

C 2.3 6.1 5.3
Y 2.5 6.3 5.6
K 4.0 7.8 8.9
N -3.8 -4.8 -3.0
W 4.2 8.2 8.8
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