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1 Introduction

Empirical literature has documented a strong and positive correlation between pro-

ductivity and importing. For example, using cross-country macro data, Coe and Help-

man (1995)and Coe, Helpman, and Ho¤maister (1997)found that countries more

actively participating in importing have higher productivity levels and productivity

growth rates. Recent Örm/plant-level evidence, for example Halpern, Miklos, and

Szeidl (2005)(Hungarian data), Blalock and Veloso (2007)(Indonesian data), Amiti

and Konings (2007)(Indonesian data), Kasahara and Rodrigue (2008)(Chilean data),

and Vogel and Wagner (2010)(German data), all found a positive correlation between

importing and productivity.

A natural question to ask is: how do we explain this observed positive correlation

theoretically? In general, there are two possible answers. First, the productivity

di¤erence between importers and non-importers may be due to self selection of Örms

to import intermediate inputs, i.e. more productive Örms are more likely to import.

Second, importing may have a positive impact on productivity changes. In either case,

we would observe a positive correlation between importing and productivity. Empirical

literature remains silent on how to explain this positive correlation.1 The major reason

is that there is not a uniÖed framework to separate the selection into importing from

the causal e¤ect of importing on productivity. The Örst objective of this paper is

to construct a uniÖed framework which allows me to analyze the selection and e¤ect

of importing simultaneously. In the model, Örms endogenously choose whether to

import inputs or not, which in turn have an impact on their proÖt and productivity.

I estimate the Örmsí policy function of importing and the endogenous productivity

evolution process, which is a¤ected by the importing decision, simultaneously in a

integrated dynamic model. I then compute the gains from importing by conducting

counterfactual analysis. This procedure allows me to disentangle the selection and

e¤ect of importing. I Önd that more productive and larger Örms are more likely to

import and productivity gains from importing are large.

The second objective of this paper is to explore the sources of gains from importing.

I decompose the gains from importing into a static e¤ect and a dynamic e¤ect. The

static e¤ect represents the gains from importing during the period of importing. It

corresponds to the "Quality and Variety Assumption" commonly used in the literature

(Ethier 1982, Romer 1990; and Grossman and Helpman 1991). It mainly arises from

1Vogel and Wagner (2010) is an exception. They tries to Önd evidence for both self selection and
the e¤ect of importing. Using German Turnover Tax Statistics Panel, they found that Örms with
higher productivity are more likely to import; however they found no clear evidence of a positive
impact of importing on productivity, which is contrary to the Öndings in other existing listrature.
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two sources: (1)an input quality e¤ectñthe imported inputs may have better quality,

which can immediately increase the Örmís productivity; (2)an input variety e¤ectñthe

imported inputs increase the variety of inputs, which may immediately help increase

productivity.

The dynamic e¤ect represents the dynamic impact of current importing experience

on Örmsífuture productivity and proÖt. This could happen even when the Örm discon-

tinues importing in the future. The dynamic e¤ect can be caused by several di¤erent

channels. For example, importing Örms usually receive technical support from their

foreign suppliers, which directly increases their productivity. Importing Örms also

have more exposure to foreign knowledge and technology. This exposure can directly

increase Örm productivity, or help the Örm to reduce the cost of innovation and/or in-

crease its chances of succeeding in R&D, leading to more R&D investment and a higher

productivity growth rate. Another possible channel for the dynamic e¤ect is through

an indirect network e¤ect of importing. Importing helps importers to establish a larger

foreign business network, which in turn helps them to increase export. The expansion

of the market increases the return to R&D and thus enhances the productivity growth

rate2.

To achieve these objectives, this paper constructs a dynamic structural model to

characterize Örmsídecisions to import intermediate inputs or to rely exclusively on

domestically-supplied inputs, and to quantify both the static and dynamic e¤ects of

importing on Örm-level productivity. In the model, Örm productivity evolves endoge-

nously. The productivity, along with other factors, determines Örmsíimporting deci-

sions, which in turn has a dynamic e¤ect on the future productivity of the importing

Örms. The model provides an approach to simulating the long-term impact of import

expansion on Örm productivity. As part of the model I estimate the dynamic decision

rule for the plantís optimal importing decisions which depends on the expected future

proÖts and the current Öxed or sunk costs of importing.

I estimate the dynamic model structurally using a plant-level data set from Colom-

bia. I Önd that more productive Örms are more likely to import and that the gains

from importing are large. The counterfactual analysis shows that the total gains from

importing are mainly due to the dynamic e¤ect, which increases Örm value by enhanc-

ing future productivity. This means that importing is important mostly because it

generates higher productivity growth in the long run. Meanwhile, the static e¤ect has

a positive and signiÖcant e¤ect on Örm value. As the static e¤ect mainly consititutes

the quality and variety e¤ects, this Önding provides some evidence on the "Quality and

2To study the indirect network e¤ect of importing, a complete model including import, export
and R&D decisions is called for.
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Variety Assumption" mentioned above, which are commonly assumed in the literature.

The parameterization of the model futher allows me to compute the quality e¤ect and

the (potential) variety e¤ect separately. The empirical results show that the static

e¤ect is mainly due to the variety e¤ect in all industries examined. These Öndings

have important policy implications. For example, they imply that, when evaluating

an importing policy, government needs to carefully evaluate the long-term gains from

importing against the short-term cost.

The last, yet very important, question is: why should the e¤ect of exposure to

trade through importing di¤er from that of exporting? The reason is that importing

directly a¤ects the production process and potentially has a substantial impact on the

productivity of importers. In contrast, exporting only a¤ects production indirectly

through learning-by-exporting and changing demand. Therefore, importing a¤ects Örm

productivity through a more direct way which is di¤erent from exporting. This means

that we should not ignore it when evaluating trade policy and industrial development.

Since importing is usually positively correlated with exporting, to identify the e¤ect

of importing, I control for exporting in the empirical exercise. To make sure that my

estimate of the gains from importing is not due to exporting, I also conduct robustness

checks by performing the same exercises on a subsample of Örms which do not export.

The subsample results are similar to what we Önd in the whole sample. This indicates

that our results on the gains from importing are robust.

Several recent papers are closely related to my work. Kugler and Verhoogen

(2009; 2012)emphasize the input quality e¤ect of importing. They argue that the

output quality could be improved by using imported inputs with higher quality, under

the assumption that input quality and productivity are complementary to produce

the output quality. Goldberg, Khandelwal, Pavcnik and Topalova (2009; 2010), on

the other hand, study how the increased availability of new input categories as a re-

sult of importing enhances the development of new products and thus increases the

variety of Önal goods in India. Kasahara and Lapham (2012)investigate the aggre-

gate productivity gains of importing via resource reallocation in an extended Melitz

model (Melitz, 2003), while assuming that the productivity of each particular Örm is

Öxed. In contrast, my paper studies how importing improves the productivity and

Örm value of importing Örms. These three lines of research emphasize di¤erent, but

equally important, aspects of production. Another new feature of this paper is that I

stress the dynamic e¤ect of importing and quantify the the gains from dynamic e¤ect

and static e¤ect separately. My paper in several ways improves the work of Kasa-

hara and Rodrigue (2008), which uses Olley and Pakes (1996)procedure to estimate

the e¤ect of importing on Örmís next-period productivity. First, my paper further
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considers Örmsí optimal importing decision, which a¤ects the estimated total gains

from importing. Second, my paper incorporates both the static "quality and varieity

e¤eccts" and the dynamic productivity e¤ect of importing in one uniÖed framework,

so I can evaluate the relative importance of di¤erent sources of gains from importing

in terms of increased Örm proÖt. Moreover, the structural model in my paper allows

me to use counterfactual analysis to evalutate the e¤ects of di¤erent policy changes

on ÖrmsíproÖtability and importing dynamics.

The remainder of this paper is organized as follows. Section 2 describes some basic

facts in the Colombian data, which forms the basis for the theoretical model. Section

3 establishes a simple theoretical model to characterize Örmsídynamic importing de-

cisions. Section 4 describes the empirical model and estimation strategy. Section 5

reports the estimation results, and section 6 performs robustness checks for the esti-

mation results. Section 7 discusses the self selection of Örms in importing, and section

8 performs counterfactuals to decompose gains from importing. Section 9 concludes.

2 Basic Facts in Colombian Data

I start with a brief introduction to the data. The data set is from the Colombian



934 to 11,316 for each industry.

I start with a brief description of several stylized facts observed in the data, which

are the basis for the theoretical model in the following section.

Fact one: within each industry some plants purchase imported inputs while
others do not. When looking at the plant-level importing status, we can see that,

within each industry, some plants purchase imported inputs while others do not. Table

1 shows the number and percentage of plants for each industry which ever imported

inputs during the years 1977-1989. I report the total number of plants ever observed

in the data in column 3, the number of plants importing at least once during the

data period in column 4, and the percentage of importers in column 5. Note that

each plant is counted only once, even if it is observed or imported in multiple years.

About 18.9% of all the plants had importing experience in the six industries during the

sample years, while the percentage varies signiÖcantly across industries, from 4.6% in

clothing industry to as high as 77.2% in pharmaceuticals industry. Moreover, the last

column reports the value share of the imported material in total material used. On

average, about 28% of materials used in the six industries are imported. This indicates

that import should not be ignored in analyzing Örm behavior. This observation raises

the question: why do some plants purchase imported inputs while others in the same

industry do not? This cannot be explained by the classic comparative advantage. In-

stead, plant-level heterogeneity must be introduced to account for the within-industry

importing diversity.

SIC Industry Name #Plants #Importers %Importers Share imported

3511 Basic Ind Chemicals 164 80 0.4878 0.1804
3522 Pharmaceuticals 232 179 0.7716 0.6216
3560 Plastics 747 291 0.3896 0.2788
3240 Leather Shoes 769 81 0.1053 0.0631
3420 Printing&Publishing 933 278 0.2980 0.3739
3220 Clothing 2613 121 0.0463 0.0410

All six Industries 5458 1030 0.1887 0.2842

Table 1: Number and Percentage of Importers: 1977­1989

Notes: "Share imported" is defined as the value share of the imported material in the
total value of material used.

Fact two: turnover in importing status. If we look further into the data, we

can see that each year some plants begin and some plants stop importing intermediate
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inputs. Table 2 shows the turnover of importing status for all six industries in question.

In this table, I do not count the Örms that import at year t, but exit (stop operation) at

year t+1. The second to the last columns show the number of importers, the number

of incumbent importers, the number of new importers, and the number of importers

which quit importing at the end of the year, respectively. In 1978, for example, among

the 324 importers, 297 were incumbent importers and 27 were new importers. At the

end of 1978, 39 importers stopped importing. In the whole sample, about 9.86% of the

importers annually were new to importing intermediate inputs, while about 12.63%

stopped importing intermediate inputs at the end of the year. The signiÖcant turnover

raises the second question: what are the determinants of the switch in the importing

status? Again, plant-level heterogeneity within one industry must be introduced to

account for this switch. To account for the turnover, we need to consider further

heterogeneity within importing plants and non-importing plants, in addition to the

heterogeneity between importing and non-importing plants.

Year #Importer #Incumbent #Begin # Stop

1977 341 ­ ­ 63
1978 324 297 27 39
1979 332 294 38 45
1980 358 303 55 40
1981 369 328 41 57
1982 332 290 42 47
1983 329 296 33 50
1984 305 283 22 36
1985 313 282 31 36
1986 313 291 22 31
1987 314 291 23 28
1988 312 283 29 26
1989 315 292 23 ­

Table 2: Plants that Begin and Stop Importing Materials

Fact three: strong persistence in plants�importing status over time. Table

3 shows the transition probability of plantsíimporting status over time. During the

sample years, on average, about 87% of plants which imported at t continue importing

at t+1and about 98% of plants which did not import at t stay non-importing at date

t+ 1. An interesting question is: what are the sources of the persistence?
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Import Not Import

Import 0.8737 0.1263
Not Import 0.0247 0.9753

Date t+1

Date t

Table 3: Transition Probability of Importing Status

Probability

Kasahara and Lapham (2008)emphasize that in the presence of Öxed costs of

importing, only inherently highly productive plants import intermediate inputs. An-

dersson, Loof and Johansson (2008)point out that importing is associated with Öxed

costs that are sunk, as the import agreement is preceded by a search process for po-

tential foreign suppliers, inspection of goods, negotiation, contract formulation etc.

Castellani, Serti and Tomasi (2010)argue in a similar way, adding that there are sunk

costs of importing due to the learning and acquisition of customs procedures. All of

these papers emphasize the importance of a sunk startup cost of importing. With the

existence of sunk startup costs, the importing status yesterday will a¤ect the plantís

choice today because it determines whether the plant needs to pay sunk startup costs.

If a plant was importing yesterday, then it is more likely that it will stay in the market

since it does not need to pay the sunk entry cost, unlike plants not importing yester-

day. Thus the existence of sunk startup costs of importing may be a good explanation

for the persistence of importing status and will, therefore, be one of the key factors

a¤ecting plantsí decisions on whether to import intermediate inputs in my model.

Consequently, the model provides a way to empirically estimate the sunk costs, which

naturally provides a way to justify or falsify the sunk cost argument.

Fact four: importers have relatively higher value added per worker. Table

4 reports the mean value added per worker for each of the six industries, as well as

for the whole sample. It is obvious that importers have much higher value added per

worker compared to non-importers. These results hold true for the whole sample, as

well as for individual industries.

Since high value added per worker generally means higher productivity, the observa-

tions in table 4 suggest that importers are likely more productive than non-importers.

This is consistent with the documented positive relationship between importing be-

havior and productivity in the literature. From the data pattern, however, we cannot

tell which way the causality goes. That is, we donít know whether this proÖtability

di¤erence is because more productive plants tend to import intermediate inputs, or

because importing helps increase productivity. Thus, a complete structural model is
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3511 Basic Ind Chemicals 333.47 442.22 380.29
3522 Pharmaceuticals 86.25 210.10 174.46
3560 Plastics 88.81 142.21 107.55
3240 Leather Shoes 84.41 113.07 86.65
3420 Printing&Publishing 77.87 126.03 89.57
3220 Clothing 91.67 99.61 91.87

All six Industries 115.37 177.30 126.01

SIC Industry Name Non­importers Importers  All Firms

Table 4: Mean of Value Added Per Worker: Importers and Non­importers
(1,000 Colombia Peso, 1977)

needed to tackle the cause and e¤ect of importing.

The model is directly based on the stylized facts observed in the data. The bottom

line is that the model needs to be able to explain these facts well. In particular, I

model the turnover and persistence of importing status by Öxed and sunk costs of

importing randomly drawn from two di¤erent distributions. A current importer needs

to pay a Öxed cost to continue importing and a current non-importer needs to pay a

sunk cost to start importing. The draw of sunk and Öxed costs governs the turnover

and persistence of importing status. The model also constructs a productivity measure

for each plant. This allows us to compare the productivity of importers with that of

non-importers and to characterize the endogenous productivity evolution path.

3 The Model

In this section, I introduce a dynamic model to characterize plantsídecisions to import

intermediate inputs or rely solely on domestically-supplied inputs4, following the model

developed by Aw, Roberts and Xu (2011), which was initially used to analyze Örmsí

dynamic exporting decisions. An important feature of this model is that it considers

both the determinants and e¤ects of importing simultaneously. A new feature of the

model in this paper is that it explicitly disentangles the static e¤ect and the dynamic

productivity e¤ect of importing within one uniÖed framework. The static e¤ect can be

further explained by an input quality e¤ect and an input variety e¤ect. These features

allow us to investigate and quantify di¤erent sources of gains from importing.

4The data do not link plants common to a Örm, so we treat the plant as the decision-making unit.
This is potentially problematic because, among multiplant Örms, plant-level imports may partly
respond to characteristics of other production units. However, the vast majority of Colombian Örms
operate a single plant.
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3.1 Timing Story

Plants face monopolistic competition from other plants in the same industry, and the

objective of each plant is to maximize its discounted value of lifetime proÖts. The

timing of the information áow and decisions is as follows:

1. At the beginning of each date, each plant observes its own capital stock (Kjt),

productivity shock (!jt) and its importing status for the current date (djt), as well as

the aggregate demand and production shifter, 
t. These variables are summarized in

sjt =fKjt; !jt; djt; 
tg which represents plant jís state at date t:

2. Each plant chooses the amount of labor, domestic input, and imported input to

maximize its period proÖt. Then production and sales occur.

3. Each plant then observes the realization of its own sunk cost and Öxed cost.

4. Plants decide whether to import intermediate inputs next period based on the



intermediate input Mjt: � is the corresponding elasticity of substitution of domestic

and imported inputs used to produce Mjt. In some sense, � represents the input

variety e¤ect of imported products because it governs how easily the two inputs can

be substituted in production. When � is big, the two inputs are more substitutable,

meaning that the input variety e¤ect of the imported inputs is small. A represents

the input quality e¤ect of the imported inputs relative to domestic inputs, whose

quality coe¢ cient is normalized to one. When A = 1, imported inputs have no quality

advantage over domestic inputs; when A > 1, imported inputs have relative quality

advantage over domestic inputs; when A < 1, imported inputs have relative quality

disadvantage.5

If plant j is an importer of intermediate inputs, then the logarithm production

function is

lnQjt =�l lnLjt +�m
�

� � 1 ln
h
M

��1
�

jdt + (AMjft)
��1

�

i
+�k lnKjt +!jt +�jt (1)

If plant j is not an importer, then the logarithm production function takes the more

familiar form

lnQjt =�l lnLjt +�m lnMjdt +�k lnKjt +!jt +�jt (2)

Demand is assumed to be the classic Dixit-Stiglitz type:

QD
jt =

�
It

Pt

��
Pjt

Pt

��

� �tP �
jt

where � is the demand elasticity, which is assumed to be the same across products

within one industry. Pjt is plant jís price and Pt is the industry price index. It is the

market size of this industry. �t � It

P 1+�
t

is the common demand shifter for all plants.

3.3 Plants�Static Decision

Plants produce di¤erentiated products and face monopolistic competition in the output

market. Based on the timing described above, labor, domestic and imported inputs are

5To identify the quality parameter, A, ideally I need the physical quantity of domestic and imported
inputs, Mjdt and Mjft. However, in most cases researchers only have the value of inputs instead of
physical quantity of inputs, as in this paper. In this case, the quality parameter (A) contains both the
real quality e¤ect and the price di¤erence between domestic and imported inputs, A = pd

pf
�(real quality

e¤ect parameter). To separate the real quality e¤ect from the price di¤erence, we need additional
information on prices of the imported and domestic inputs.
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static variables and they depend on the beginning-of-date state sjt =fKjt; !jt; djt; 
tg.

A plantís static optimization problem is to choose these static inputs to maximize its

own period proÖt.

When djt = 1, plant j has access to the import market in the current period

with no additional cost. Observing the input prices and the demand status, plant jís

static problem is to choose the static inputs (Ljt; Mjtd and Mjtf) and output price to

maximize its period proÖt. SpeciÖcally, plant needs to choose static inputs (Ljt; Mjtd

and Mjtf) to minimize the cost of producing any amount of output; then, facing the

plant level demand, the plant sets output price to maximize its period proÖt. Similarly,

when djt = 0, the plant has no access to the import market at date t; it chooses labor

and domestic inputs to minimize the cost of producing any amount of output, and

then chooses output price to maximize its period proÖt.

From plantsíperiod proÖt maximization, we tjt



data on revenue and total variable cost.6

3.4 Dynamic Choice of Importing Status

Observing sunk and Öxed costs, each plantís dynamic optimization problem is to de-

cide whether or not to import materials in order to maximize its own continuation

value. The main considerations of plants in terms of importing participation are gains

from importing, the Öxed cost of continued importing and the sunk startup costs of

importing. Previous importing status is relevant because Örst-time importers need to

pay the sunk cost (Cs
jt) and continuing importers instead pay the Öxed cost (Cf

jt) to

import. The sunk cost may be much higher than the Öxed cost. Assume that the

sunk cost and Öxed cost are i.i.d draws from two di¤erent distributions, Cs
jt � F s and

Cf
jt � F f . They provide exogenous shocks to the Örm decision.

The productivity (!jt) follows a Örst order Markov process

Productivity : !jt =E (!jt j !jt�1; djt�1) +"jt (6)

=g (!jt�1; djt�1) +"jt; with iid "jt � N(0; �2
")

where the innovation of the Markov process "jt is drawn from a normal distribution

with mean 0 and variance �2
". The new feature in this paper is that historical im-

porting experience djt�1 a¤ects future productivity evolution process. If a Örm was an

importer at date t-1, its productivity will be enhanced due to the importing experi-

ence. This embodies the idea that importing intermediate inputs has a dynamic e¤ect

on productivity. Since the importing decisions are endogenous, this setup implies that

productivity is endogenous.

Capital stock (Kjt) equals the current investment (ijt�1) plus last period capital

stock after depreciation: Kjt = (1� �k)Kjt�1 +ijt�1, where �k is the depreciation

rate. Assume all distributions and the evolution of the dynamic variables are common

information. Plant jís valuation before it observes the current date Öxed cost and sunk

cost is

V (sjt) =

ZZ �
�0(sjt) + max

djt+1

n
V 1(sjt)� djtC

f
jt � (1� djt)C

s
jt; V 0(sjt)

o�
dF sdF f (7)

where V 1(sjt)and V 0(sjt)are discounted choice speciÖc continuation values of import-

ing and not importing respectively, assuming that each plant always chooses optimal

6Refer to a separate online appendix for details about deriving equations (3), (4) and (5).
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investment associated with its importing status. djt is a discrete 0/1 variable identi-

fying Örm jís importing status at date t. If the Örm imported at date t, then it will

pay a Öxed cost Cf
jt to continue importing at date t + 1. If the Örm did not import

at date t, then it will pay a sunk cost Cs
jt (very likely higher than Öxed cost) to start

importing.

Note that the value of investment is subsumed in the choice-speciÖc value functions

V 1(sjt)and V 0(sjt). To be more precise the choice speciÖc value functions could be

written as

V 1(sjt) =�EtV (sjt+1 j sit; djt+1 = 1)

V 0(sjt) =�EtV (sjt+1 j sit; djt+1 = 0)

The expectation is taken over the stochastic evolution process of !jt, and the uncer-

tainty of the demand shifter and input prices (
t). More speciÖcally, by expressing

expectation in integral form, the choice-speciÖc value functions are written as:

V 1(sjt) =�max
Ijt

ZZ
V (sjt+1; djt+1 = 1)dF (!jt+1 j !jt; djt)dF

�

t+1 j 
t

�
(8)

V 0(sjt) =�max
Ijt

ZZ
V (sjt+1; djt+1 = 0)dF (!jt+1 j !jt; djt)dF

�

t+1 j 
t

�
(9)

Equations (8) and (9) give the optimal investment decision rule, Ijt =It(!jt; kjt; djt+1),

which is a function of productivity, capital and future importing status. Equations

(7), (8) and (9) together fully characterize plantsíimporting decisions under each state

sjt and can be used to evaluate the payo¤ to plants for each choice under each state.

4 Estimation Strategy

The parameters to be estimated include: �l; �m; �k; �; A; �;g (�; �); �2
";F

s; F f : The pa-

rameters of major interest in this paper are the input quality e¤ect parameter A; the

input variety e¤ect parameter �; and the productivity evolution process g (�; �). A and

� represent the static productivity e¤ect of importing due to input quality e¤ect and

input variety e¤ect. g (�; �)helps quantify the dynamic productivity e¤ect associated

with importing.

The intuition for identiÖcation is straightforward. The demand and production

parameters, as well as the parameters governing the productivity evolution process,

can be identiÖed from plantsístatic decisions. SpeciÖcally, information from plants
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exclusively using domestic inputs can help identify the share parameters �l; �m; �k in

the production function and the parameters associated with !jt�1 in the productivity

evolution process g (�; �). On the other hand, usage of imported and domestic materials

from importing plants provides additional information to help identify the quality

parameter A, the elasticity of substitution �, and the parameters associated with djt�1

in the productivity evolution process g (�; �). Usage of imported and domestic materials

from importing plants also provides information about the share parameters �l; �m; �k

and g (�; �), which can be used to improve the estimation e¢ ciency.

Given the estimates for �l and �m, the demand elasticity can be identiÖed from

the cost and revenue information. Finally, the distributions of sunk cost and Öxed

cost can be identiÖed from plantsí dynamic decisions on whether or not to import

intermediate inputs. SpeciÖcally, the entry decisions of current non-importers provides

direct information to identify the sunk cost distribution, and the exit decisions of

current importers provides direct information to identify the Öxed cost distribution.

The estimation algorithm is a three-stage procedure, combining the insights of

Olley and Pakes (1996) and Das, Roberts and Tybout (2007).

Stage one: estimate production parameters �l; �m; �k; A; �, using data on labor,

capital, domestic and imported inputs and investment.

Stage two: given the estimates of �l and �m, the demand elasticity is estimated

from equation (4), using variable cost and revenue data. Then the proÖt functions can

be derived from the estimate of the revenue function from equations (3) and (5).

Stage three: the sunk and Öxed costs parameters are estimated from plantsídeci-

sions on whether to import intermediate inputs. More precisely, the cost parameters

can be identiÖed from the conditional choice probabilities (CCP) of that plants begin

or stop importing intermediate inputs.

4.1 Stage One: Production Parameters: �l; �m; �k; A; �; g; �2"

In order to increase estimator e¢ ciency, I make use of the data on all plants (both

importers and non-importers) to estimate the production parameters, although the

identiÖcation of �l; �m; �k does not rely on information about importers. Assuming

x = lnX and making use of the importing status dummy djt for Örm j at date t,

equation (1) and (2) can be rewritten in one equation as:

qjt =�lljt +�m
�

� � 1 ln
h
M

��1
�

jdt + (AMjft)
��1

� djt

i
+�kkjt +!jt +�jt (10)
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This equation allows us to use data for all plants to estimate the production para-

meters. !jt+�jt constitutes the plant-level productivity, where only !jt is observed by

the plant (but not by researchers), and �jt is not observed by the plant or researchers.

Under the timing assumption above, djt is uncorrelated with �jt because the i.i.d pro-

ductivity shock �jt happens after the choice of djt: However, it is a well known fact

that the direct OLS estimator from the above equation is subject to an endogeneity

problem because the labor and material inputs choices are dependent on !jt. In ad-

dition, the importing status djt is also correlated with !jt because productivity is a

Markov process. This correlation further aggravates the endogeneity problem.

To ensure a consistent estimator, the above endogeneity problem must Örst be

resolved. In general, plantsí investment contains information about the unobserved

productivity !jt. Under the timing assumption in this paper, investment is a function

of current capital stock, productivity, and the chosen importing status for the future,

i.e. ijt =it(!jt; kjt; djt+1). We can utilize the insights of Olley and Pakes (1996) to

recover the unobserved productivity !jt from investment, !jt =!t(ijt; kjt; djt+1); under

the usual monotonicity assumption.7

qjt =�lljt +
�m�

� � 1 ln
h
M

��1
�

jdt + (AMjft)
��1

� djt

i
+�kkjt (11)

+!t(ijt; kjt; djt+1) +�jt

=�lljt +�m
�

� � 1 ln
h
M

��1
�

jdt + (AMjft)
��1

� djt

i
+�(ijt; kjt; djt+1) +�jt

where �(ijt; kjt; djt+1)captures the combined e¤ect of capital and observed productiv-

ity on production. The static input shares b�l and c�m, the quality parameter bA;the

variety parameter b�; and the �(�)function can be estimated from equation (11) semi-

parametrically. This estimation is consistent since ljt; Mjdt; Mjft; ijt; kjt and djt+1 are

all uncorrelated with �jt: In this paper, �(ijt; kjt; djt+1)is parameterized as a cubic

function. Denote b�jt as the Ötted value for �(ijt; kjt; djt+1); then productivity can

be expressed as !jt =b�jt � �kkjt. Substituting !jt in the production function with

!jt =g (!jt�1; djt�1) +"jt and replacing !jt�1 with !jt�1 =b�jt�1 � �kkjt�1 yield an

estimation equation:

b�jt =�kkjt +g
�b�jt�1 � �kkjt�1; djt�1

�
+"jt +�jt (12)

This equation can be estimated semi-parametrically. The parameter �k and the

7To recover wjt by inverting investment function, a critical condition is that investment is strictly
increasing in productivity, which is a popular assumption in the literature. Intuitively, investment
should (at least weakly) increase in productivity. However, a sound econometric test of the validity
of the assumption is still called for.

16



g(�; �)function can be retrieved from data on b�jt;
b�jt�1; kjt�1; and djt�1. In this paper,

the g(�; �)function is parameterized simply by g(!jt�1; djt�1) =g0 +g!!jt�1 +gddjt�1.

g! represents the marginal e¤ect of current productivity on future productivity, and gd

represents the dynamic e¤ect of importing on productivity associated with importing.

We are especially interested in gd and we expect it to be positive based on our model.

Based on the estimate of �k, we can construct a pseudo sample of productivity for

each plant each year c!jt =b�jt �c�kkjt (13)

4.2 Stage Two: Demand Elasticity � and Pro�t Function

Under the structural assumptions of the production function and the demand function,

we can characterize plantsírevenue function and proÖt function using the structural

parameters. Plantsístatic decisions lead to a simple relationship between the total

variable cost and the revenue, as shown in equation (4). The total variable cost is

deÖned as the total expenditure on domestic inputs, imported inputs and labor and is

observed in the data. By introducing the usual optimization error and measurement

error, equation (4) can be written in the following estimable form:

Cjt =
1 +�

�
(�l +�m)Rjt +�jt (14)

The error term �jt is assumed to be i.i.d across plants and across time. As in Das,

Roberts and Tybout (2007) and Aw, Roberts and Xu (2010), we can estimate the

demand elasticity � from equation (14), given that �l and �m have been estimated

above.

Construct the pro�t function. With all the production parameters and demand

parameters on hand, we can compute rk; rw; and rd in equation (3). To derive the

revenue function, we still need to estimate the coe¢ cients of the time dummies.

Denote erjt = log (Rjt)� (rwc!jt +rkkjt +rddjt): The coe¢ cients of time dummies

can be estimated from the following equation:

erjt =
X

t


tDt +ejt (15)

where the error term ejt comes from an i.i.d measurement error or any form of opti-

mization error which a¤ects plant revenue.
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The revenue function is then Rjt = exp(
X

t


tDt +rkkjt +rw!jt +rddjt): The

proÖt, as a Öxed share of the revenue function from equation (5), is a function of

(
t; wjt; kjt; djt);

�jt =

�
1� 1 +�

�
(�1 +�2)

�
exp

0@ X
t


tDt +rkkjt

+rw!jt +rddjt

1A (16)

where all unknown parameters are replaced with their estimates. This proÖt function

is useful when computing the value functions of plants in the next subsection.

4.3 Stage Three: Sunk/Fixed Cost Parameters

The distributions of sunk cost and Öxed cost, in principle, can be identiÖed from plantsí

dynamic discrete decisions of importing status. A Maximum Likelihood Estimator

(MLE) is constructed for estimating the distribution of both sunk and Öxed costs in

this section. As I am using a short panel data, it is hard to estimate the evolution

process of the macroeconomic environment dummy, 
t. In the dynamic estimation I

treat the 
t as constant over time. This treatment is supported by the fact that the

estimated magnitude of 
t is quite small compared to the other terms in the revenue

function in equation (3).

The conditional probability of observing a data point with djt+1 = 1, given state

sjt =f!jt; kjt; djt; 
tg is

L1
jt = Prfdjt+1 = 1j sjtg (17)

= Pr
n

djtC
f
jt + (1� djt)C

s
jt � V 1 (sjt)� V 0 (sjt)j sjt

o
The conditional probability of observing a data point with djt+1 = 0is 1� L1

jt. The

probability of observing importing status djt+1 is

Ljt =djt+1L1
jt + (1� djt+1)(1� L1

jt)

Under the i.i.d assumption on Öxed and sunk costs of importing, the probability of

observing a speciÖc importing history of plant j is

Lj =
Y

t=1:T

Ljt (18)
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The probability of observing the importing status of all plants in the data set is

L =
Y

j=1:N

Lj =
Y

j=1:N

Y
t=1:T

Ljt (19)

Given the shape of the sunk and Öxed cost distributions, parameters in F s and

F f could be estimated by MLE. In this paper, I assume that sunk costs and Öxed

costs are i.i.d drawn from two di¤erent exponential distributions, Cs
jt~ exp(cs)and

Cf
jt~ exp(cf)8. Then the distribution parameters (cs; cf)can be estimated by MLE.

The major problem associated with this estimation is that V 1 (sjt)and V 0 (sjt)need

to be constructed for each parameter evaluated from the plantsídynamic optimization

problem. The computational algorithm to solve for V 1(sjt)and V 0(sjt)is in the

Appendix 1.

5 Estimation Results

In this section, I will Örst report and brieáy discuss the estimation results of the

empirical model from the plant-level Colombian data. I use the unbalanced panel data

to structurally estimate the dynamic model. I drop the Örst year for new Örms and

the last year for exiting Örms to ensure that for each observation the plant state sjt

and the lagged and leading variables, in particular importing status djt�1 and djt+1,

are fully observed.9 I then use the unbalanced data to estimate the dynamic model

of importing decisions as well as the productivity evolution process. As Olley and

Pakes (1996) point out, using unbalanced data can signiÖcantly reduce the problem of

selection bias.

5.1 Production and Productivity Evolution

Table 5 reports the estimation results from equation (11) in stage one, estimated using

nonlinear least square (NLLS). In this regression, I also added plant age and ownership

to control for plant-speciÖc characteristics. Age is the number of years in operation

8The lognormal distribution is used to check the robustness of the distributional assumption. The
results are consistent with that derived in this paper, showing that the distributional assumption on
the sunk and Öxed cost are not substantial.

9As this paper shut down entry/exit in order to focus on the importing decisions, this is a simple
way to play around the Örst-year/last-year problem. An alternative way of dealing with this problem
is to explicitly consider entry/exit in the model.
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and ownership is a dummy variable which equals 1 if the plant is a public corporation

and 0 otherwise.

Industry B.I.Chemicals Pharmaceuticals Plastics L.Shoes Print&Pub Clothing

αl 0.4260 0.3466 0.3034 0.4736 0.4956 0.5510
(0.0024) (0.0026) (0.0013) (0.0012) (0.0006) (0.0003)

αm 0.3420 0.5774 0.6253 0.4015 0.4283 0.3666
(0.0011) (0.0019) (0.0006) (0.0006) (0.0003) (0.0001)

A 1.0006 0.9255 1.0903 1.0001 0.9317 0.9995
(0.4611) (0.0828) (0.0233) (0.5430) (0.0359) (0.1013)

θ 5.0069 9.6690 21.5337 2.7108 22.3194 9.2140
(0.1287) (0.0897) (0.0577) (0.3821) (0.0479) (0.5232)

age 0.0469 0.0361 0.0294 0.0077 ­0.0415 0.0129
(0.0031) (0.0018) (0.0010) (0.0010) (0.0003) (0.0003)

ownership 0.1514 0.0582 0.0133 0.1222 0.1507 0.1301
(0.0083) (0.0081) (0.0045) (0.0257) (0.0024) (0.0061)

Table 5: Parameters of Static Inputs in the Production Function (NLLS)

Notes: The standard errors are in the parentheses.

In Table 5, �l and �m represent the labor share and material share in the pro-

duction function, respectively. The magnitude for all parameters are reasonable. We

are particularly interested in the quality parameter (A)and elasticity of substitution

(�). It is interesting that the estimated input quality parameter A is very close to

1. In four out of the six industries, the input quality parameter A is not statistically

di¤erent from 1; in printing and publishing industry, A is statistically smaller than 1.

This means that the imported intermediate inputs have a very small quality advantage

or even a quality disadvantage over domestic inputs in these Öve industries. In the

plastics industry, A is larger than 1 statistically, indicating that imported intermediate

inputs have quality advantage in this industry. However, we must be cautious about

interpreting this result. As we estimate the model using the value of imported and

domestic inputs, the estimated quality parameter (A)contains both the real input

quality e¤ect and the price di¤erence between domestic and imported inputs. Because

the prices for imported inputs are usually higher than those of domestic inputs for

developing countries like Colombia, A < 1implies that the imported inputs have a

quality disadvantage over domestic inputs after taking the price di¤erence into consid-

eration. A = 1implies that imported inputs have no quality advantage over domestic

inputs after considering the price di¤erence10. To separate the real input quality e¤ect

10This probably suggests that price, in some sense, is a good proxy for inputs quality, as argued in
Kugler and Verhoogen (2012).
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from the price di¤erence, we need additional information on prices of both imported

and domestic inputs. Unfortunately, these data are not available in the Colombian

data; therefore, in the paper, the parameter A is interpreted as containing both the

input input quality e¤ect and the price di¤erence between imported and domestic

inputs.

Another interesting Önding is that the elasticity of substitution � between the im-

ported and domestic inputs is signiÖcantly higher than one, but still not very large.

This implies that the input variety e¤ect of imported inputs does exist, which is consis-

tent with the argument in Goldberg, Khandelwal, Pavcnik and Topalova (2009; 2010).

The estimates of A and � together imply that when the input quality e¤ect is small

or even negative, plants may still want to import inputs in order to take advantage of

the the input variety e¤ect, along with other possible gains. I will elaborate on this

point in more detail in the subsequent sections.

Industry Chemicals Pharmaceuticals Plastics L.Shoes Print&Pub Clothing

Panel A: Basic Model

αk 0.1111 0.0992 0.0586 0.0917 0.1083 0.0580

(0.0065) (0.0027) (0.0013) (0.0023) (0.0002) (0.0005)

g0 0.3954 0.1282 0.2527 0.4600 0.6003 0.3501

(0.5068) (0.4933) (0.4217) (1.0083) (0.0302) (0.2000)

gω 0.9032 0.9224 0.8421 0.7259 0.3906 0.7753

(0.0324) (0.1773) (0.1754) (0.2895) (0.0153) (0.0719)

gd 0.0148 0.0092 0.0122 0.0213 0.0568 0.0050

(0.0061) (0.0067) (0.0036) (0.0141) (0.0012) (0.0047)

σω 0.0762 0.0310 0.0329 0.0397 0.0682 0.0329

Panel B: Control for Export

αk 0.1247 0.0723 0.0537 0.0854 0.0911 0.0545
(0.0096) (0.0036) (0.0014) (0.0020) (0.0002) (0.0007)

g0 0.5583 0.2743 0.3085 0.5481 0.6390 0.4593
(0.9385) (0.9876) (0.5828) (0.9686) (0.0320) (0.3650)

gω 0.8240 0.7719 0.7919 0.6954 0.3154 0.7202
(0.1169) (0.5460) (0.2666) (0.2548) (0.0128) (0.1111)

gd 0.0150 0.0213 0.0115 0.0205 0.0277 0.0026
(0.0072) (0.0128) (0.0035) (0.0157) (0.0012) (0.0070)

ge 0.0172 ­0.0005 0.0066 0.0262 0.0036 0.0012
(0.0085) (0.0001) (0.0040) (0.0115) (0.0000) (0.0000)

σω 0.0994 0.0621 0.0402 0.0588 0.1307 0.0472

Notes: Standard errors in parentheses.

Table 6: Parameters in Productivity Evolution and Capital Share (NLLS)
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The estimates of capital elasticity and the productivity evolution process are recorded

in Table 6. The estimation is based on equation (12). I estimate both the base model

and an extension in which I control for exporting in the productivity evolution process.

The results are reported respectively in panels A and B in Table 6. �k is the capital

elasticity and the g parameters characterize the productivity evolution process. gw is

the e¤ect of todayís productivity (wjt) on tomorrowís productivity (wjt+1). gd mea-

sures the dynamic e¤ect of importing status on future productivity. I also control for

the export level in panel B, as captured by ge. The parameter �w is the standard devi-

ation of the productivity shock, which is assumed to be normally distributed N(0; �2
w)

in the estimation.

Both regressions yield consistent qualitative results: importing has a positive and

statistically signiÖcant e¤ect on productivity evolution. If a plant imports today, its

future productivity will be improved signiÖcantly. Also, the estimation results from the

two cases both show that productivity is persistent. If a plant is productive today, it is

very likely that tomorrow it will continue to be productive. However, the magnitudes

of estimates are slightly di¤erent from each other in the base model and extended

model. In the base model, the coe¢ cient of the importing dummy ranges from 0:0050

in clothing industry to 0:0568in printing and publishing industry. In contrast, in the

extended model when exporting is controlled for, this coe¢ cient ranges from 0:0026

in clothing industry to 0:0277in printing and publishing industry. The reason is that

there might be a correlation between importing and exporting. The estimated e¤ect

of importing would have picked up the e¤ect of exporting if exporting is not controlled

for in the base model.

Because our purpose is to identify the gains from importing, I will rely on the

results from panel B to compute the dynamic e¤ect of importing. After controlling for

exporting, gd ranges from 0:0026in clothing industry to 0:0277in printing and pub-

lishing industry, contributing to 0:16%(clothing) to 2:92%(printing and publishing)

of the productivity growth rate annually.

I also ran two regressions to check the robustness of dynamic productivity e¤ect of

importing. In the Örst regression, I also control for Örm age and ownership in the above

regression. The estimated gd is almost the same as that derived in Panel B in Table

6. In the second regression, I check whether the e¤ect of importing on productivity is

robust to di¤erent measure of import. I use import share instead of importing dummy

to measure the e¤ect of importing on productivity. I still get positive and signiÖcant

e¤ect of importing on producitivity. These results will be provided upon request and

will be included in the online appendix. These observations conÖrm the conjecture in
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the model section that importing has a positive dynamic e¤ect on productivity. We

will compute the gains of Örm value from this dynamic e¤ect in section 8.

5.2 Demand and Revenue Function

Under the structural assumptions of production and demand, plantsí revenue and

proÖt functions can be constructed structurally. The revenue function parameters

calculated from equation (3) and the demand parameters estimated from equation

(14) are reported in panel A and panel C, respectively, in Table 7.11 I also compute

the implied revenue elasticities with respect to productivity, capital and importing

participation, as reported in panel B in Table 7.

Industry B.I.Chemicals Pharmaceuticals Plastics L.Shoes Print&Pub Clothing

Panel A: Revenue Function
rω 0.7920 1.7661 2.0021 1.8300 1.6968 1.8764

rk 0.1286 0.1382 0.1157 0.1785 0.1673 0.1113

rd 0.0611 0.0526 0.1268 0.3402 0.0074 0.0630

r0 12.9609 12.9649 12.1032 10.0024 11.7837 11.1879

Panel B: Implied Revenue Elasticity
productivity 2.5328 2.2258 3.2128 3.6272 1.8669 3.4363
capital 0.1286 0.1382 0.1157 0.1785 0.1673 0.1113
importing 0.0630 0.0540 0.1352 0.4052 0.0074 0.0651

Panel C: Demand Elasticity
η ­2.3554 ­3.2365 ­3.5475 ­3.8308 ­3.1350 ­3.4588

(0.0127) (0.0064) (0.0024) (0.0033) (0.0029) (0.0022)

Table 7: Demand Elasticity and Constructed Revenue Function

Notes: (1) the revenue parameters are constructed from parameters estimated in stage 1.
Therefore I do not report the standard deviations for revenue parameters in this table. (2)
The standard deviation for demand elascitity is reported in parentheses. (3) Revenue
elasticity of productivity = (exp(0.01*productivity*rω)­1)*100. Productivity is the chosen
industry mean. (4) Revenue elasticity of capital = rk.   (5) The third row in Panel B
represents the percentage gain of revenue when a plant imports. It is defined as = exp(rd)­
1. Strictly speaking, it is not a concept of elasticity. (6) Standard deviations for demand
elasticity are in parentheses.

The estimated demand elasticity is signiÖcantly larger than 1. This is reasonable

because the market power in the monopolistic competition market allows plants to

11The constant r0 is the average of time dummies estimated in equation (15). I do this in order to
simplify the dynamic estimation.
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charge a markup price. r! measures the e¤ect of productivity on revenue and is

positive. In the basic industrial chemicals industry, for example, r! = 0:7920means

that a 1%increase in productivity increases revenue by about 2:53%. rk is the revenue

elasticity of capital stock. Other things equal, rk = 0:1286in the basic industrial

chemicals industry means that a 1%increase in capital stock increases revenue by

about 0:1286%. The most interesting Önding here is the positive e¤ect of importing

on revenue, rd > 0. The use of imported inputs immediately increases current period

revenue. Because the quality and input variety e¤ects are static, this Önding implies

that the total quality and input variety e¤ect is positive. We will further explore this

point using a counterfactual analysis in the subsequent section. The estimates for rd

imply that importing can increase revenue by about 0:74%to 40:52%12 for the six

industries under investigation.

5.3 Fixed and Sunk Cost

As noted above, the distribution parameters of the Öxed and sunk costs can be esti-

mated with Maximum Likelihood, using plantsídynamic decisions on whether or not

to import inputs.

5.3.1 Distribution of the Sunk and Fixed Costs

In the estimation, to limit the range of the parameters more e¢ ciently, we redeÖne

�s = log(cs); �f = log(cf)and estimate the parameters �s and �s in the program. The

sunk and Öxed cost distributional parameters, cs and cf , can be retrieved from �s and

�s in a straightforward way.

The estimation results for �s and �f are reported in Table 8. The estimates are

all statistically signiÖcant. I also report the mean of the Öxed cost and sunk cost in

the second half of Table 8. Two observations are worthy of speciÖc discussion. First,

the estimated sunk cost is always larger than the Öxed cost in all of the industries

estimated. In all six industries, the estimated mean of sunk cost is over 15times as

large as that of the Öxed cost. The second interesting result is that both the Öxed

cost and the sunk cost are very large. The mean of the sunk cost goes from about

15 to over 350 million Colombian Pesos. This accounts for about 8:78%-63:70%of

the annual average proÖts in these industries. At the same time, the mean Öxed cost

ranges from 0.3616 to 4.1853 million Colombian Pesos, accounting for a low 5:30%of

12Current importing status djt increases revenue by exp(rd)� 1:

24



Industry B.I.Chemicals Pharmaceu. Plastics L.Shoes Print&Pub Clothing

λs 17.1686 17.2725 18.5566 19.6835 16.5361 18.4536
(0.2410) (0.2619) (0.1917) (0.3880) (0.1455) (0.1956)

λf 14.4476 14.1224 15.0534 15.2471 12.7986 13.4990
(0.0599) (0.0596) (0.0324) (0.0628) (0.0237) (0.1022)

obj.fun 111.4271 109.0949 217.7079 66.2439 517.4818 125.6917

Unconditional mean costs (in million of 1977 Peso)
Sunk cost 28.5916 31.7218 114.5543 353.5311 15.1900 103.3471
Fixed cost 1.8816 1.3592 3.4482 4.1853 0.3617 0.7287

Table 8: Distribution of Sunk and Fixed Cost (MLE)

Notes: Standard deviation in parentheses.

plantsíannual proÖts in the pharmaceuticals industry to as high as 21:73%of annual

proÖts in the plastics industry. The signiÖcant magnitude means that sunk and Öxed

costs are not negligible in terms of plantsíimport participation decisions.

The fact that the sunk cost is much larger than the Öxed cost is consistent with

our model conjecture that sunk cost is a critical factor that generates the observed

persistence of plantsí importing status. If a Örm is importing today, to continue

importing it only needs to pay a Öxed cost, which is on average much smaller than the

sunk cost. This explains why compared to non-importers, importers today are more

likely to import tomorrow. Also, the large sunk costs prevent non-importers from

starting to import. Only those non-importers who have a very small draw of the sunk

cost start importing. This explains that why only a few non-importers start importing

at each period.

There are several possible reasons for the high estimated sunk costs. As Andersson

et al. (2008) point out, importing is associated with Öxed costs that are sunk, be-

cause import agreement is preceded by a search process for potential foreign suppliers,

inspection of goods, testing whether the good matches current production stream-

line, negotiation, contract formulation etc. These costs may be very high. Also, Örst

time importers need to spend both human and monetary resources to learn customs

procedures. This again increases the sunk cost.

As for the Öxed cost, continuing importers do not need to pay costs to master the

customs procedures, and they have more experience in importing. So we can expect

that Öxed cost will be much lower than sunk cost. However, Öxed costs could still be

very high due to several reasons. First, plants need to maintain the business relation-

ship via di¤erent forms, which may be costly. Second, although Örst-time importers

have inspected the goods, they still need to inspect goods each time they continue
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importing to make sure that the international exporters deliver the appropriate mate-

rials. Third, because shipping is more costly and risky in international trade, plants

need to spend extra money to buy shipping and delivery insurance. Moreover, trade

friction is common and frequent in international trade and importers are usually the

side that su¤ers to losses. In these cases, they need to spend time and resources on,

for example, Öling lawsuits in order to Öght for their rights. These costs may be very

high.

In addition, there were substantial trade barriers that signiÖcantly a¤ected import-

ing during the data period in Colombia, which drove up the sunk and Öxed importing

costs. As documented by Roberts and Tybout (1996), although Colombia had quite an

open trade policy in the 1970s, it totally reversed its trade policy to slow import liber-

alization starting in 1981. In 1981, only 36% of commodities could be freely imported,

compared to 69% in 1980 before the policy change. The number of commodities sub-

ject to quantitative restrictions continued to rise through 1984. By that time, only

0.5% of all products were classiÖed in the free import category, 83% required licenses,

and 16.5% were completely prohibited. As a result of these import restrictions, plants

who wanted to import needed to spend extra time and resources (both monetary and

non-monetary) to lobby importing licenses. Because of the quota, bribery was very

common, which may have greatly increased both the sunk and Öxed costs of importing.

All of the quota-induced costs related to importing are picked up by the Öxed/sunk

costs estimated in the model and can contribute to the large estimated sunk/Öxed

costs.

6 Robustness Check

Our goal is to accurately measure the e¤ects of importing intermediate materials on

productivity and Örm value. As such, it is important to have conÖdence that the

estimation results from the model are robust and not sensitive to particular underlying

assumptions in the model. In particular, we need to make sure that the estimated e¤ect

of importing is not actually the e¤ect of exporting, considering the possible correlation

between the two activities. To remove the impact of exporting on the estimation

results, I estimate the model for non-exporters only and compare the results with

those from the whole sample. As the Örm value is deÖned as the discounted present

value of the future proÖt áow, in order to check the e¤ect of importing on Örm value,

it is enough to check the e¤ect of importing on revenue and productivity.

Tables A2 to A4 in Appendix 3 show that the non-exporter subsample yields qual-
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itatively similar results as those from the whole sample: importing has a positive

impact on productivity, with the coe¢ cient of the importing dummy having a value

between 0:0042to 0:0322. Importing also has a positive impact on revenue, with the

coe¢ cient having a value between 0:1146to 0:4012. The estimated elasticity of sub-

stitution between imported and domestic intermediate inputs in the subsample has a

similar magnitude to that of the whole sample. The estimated quality parameter also

indicates that the quality e¤ect is trivial, as the quality parameters are not signiÖcantly

di¤erent from 1 in the subsample in all six industries. This is consistent with what we

Önd in the whole sample. These results show that the estimated e¤ect of importing

on revenue and productivity is robust and that the estimated e¤ect of importing is

actually not the e¤ect of exporting.

7 Self Selection

Given the estimated model of import choice, we can describe the threshold costs in-

volved when plants choose to import. SpeciÖcally we can Önd the threshold cost

involved in current non-importersídecision to start importing and the threshold cost

involved in current importersídecision to stop importing. From the dynamic model

developed above, a plant (non-importer) in state sjt = (wjt; kjt; djt = 0)chooses to

start importing if and only if its draw of sunk cost is smaller than the expected gain

associated with importing

Cs
jt � V 1(sjt;djt = 0)� V 0(sjt;djt = 0)(20)

where V 1(sjt)and V 0(sjt), as functions of sjt; are choice-speciÖc value functions with

V 1(sjt) =V (sjt; djt+1 = 1)and V 0(sjt) =V (sjt; djt+1 = 0). This condition determines

the threshold cost for current non-importersídecision of whether or not to start im-

porting. Similarly, a current importer in state sjt = (!jt; kjt; djt = 1)chooses to stop

importing if and only if its draw of Öxed cost is larger than the expected gain from

continuing to import:

Cf
jt > V 1(sjt;djt = 1)� V 0(sjt;djt = 1)(21)

This condition determines the threshold cost involved in current importersídecision

of whether or not to stop importing. Recall that V 1(sjt) =V (sjt; djt+1 = 1)and

V 0(sjt) =V (sjt; djt+1 = 0). Combining both V 1(sjt)and V 0(sjt)into one function

yields V (sjt; djt+1). As V (sjt; djt+1)has been computed in stage 3 for each point

(sjt; djt+1)in the data, we can run a regression to smooth it: The regression results
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give a parametric form of the threshold costs which can be used to analyze plantsí

importing decisions.13

Figure 1 and Figure 2 report the threshold costs and productivity of importing

for the basic industrial chemical industry as an example.14 The threshold costs are

determined by equations (20) and (21). Figure 1 shows the thresholds of productiv-

ity and sunk cost involved in current non-importersí decision of whether or not to

start importing, for three di¤erent capital levels. The horizontal axis represents the

productivity and the vertical axis represents the sunk cost in millions of 1977 Colom-

bian Pesos. The solid line, the dashed line and the dot-dashed line each represent

the thresholds when capital is chosen to be the median, the 75th quantile and the

25th quantile in the industry respectively. For a given capital level, Örms below the

associated threshold line have higher productivity/lower draw of sunk cost and will

start importing. Firms above the threshold have lower productivity/higher draw of

sunk cost and will not start importing. Take the solid line for example, Örms in the

shaded area do not importing and Örms in the unshaded area start importing. The

positive slope of the threshold implies that, all other things equal, as non-importers

become more productive, they are more likely to start importing intermediate inputs.

It clearly shows the self-selection of Örms to importing inputs: Örms that are more

productive and that draws lower sunk costs are more likely to starting importing.

Figure 1 also shows that, given productivity, larger Örms are more likely to import

intermediate inputs. As capital increases from the 25th quantile to the median to the

75th quantile, the threshold involved in the decision to start importing shifts up in

Ögure 1. This means plants are more likely to start importing when they are larger in

terms of capital level.

Similarly, Figure 2 shows the thresholds of productivity and Öxed cost of stopping

importing or not for current importers, for three di¤erent capital levels. The solid

line, the dashed line and the dot-dashed line each represent the thresholds when capi-

tal is the median, the 75th quantile and the 25th quantile in the industry respectively.

Considering the hypothetical importers with the median industry capital, for exam-

ple, if its combination of productivity and Öxed cost falls in the shaded area, it will

stop importing. Otherwise, it continues importing. As the shreshold has a upward

slope, more productive Örms are more likely to continue importing, all other things

equal. Figure 2 also shows that larger importers are more likely to continue importing

intermediate inputs. As capital increases from the 25th quantile to the median to the

75th quantile, the thresholds of Öxed cost and productivity involved in the decision

13See appendix 2 for the detail.
14Refer to appendix 2 for more detail.
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Figure 1: Thresholds for Current Non-Importing Firms to Start Importing: Sunk
Costs, Productivity, and Firm Size.
Notes: The solid line represents the threshold of starting importing for a current non-importing Örm,

which has a median industry capital. Given the capital, Örms with a combination of productivity and

sunk costs above this line (in the shaded area) do not start importing and Örms below this line (in the

unshaded area) start importing. The upward slope of the threshold line suggests that as productivity

goes up, Örms are more likely to start importing. The dashed line and the dot-dashed line represent

the thresholds of starting importing for two hypothetical Örms, which are assumed to have the 75th

and the 25th quantile of industry capital stock, respectively. The comparison of the three thresholds

implies that larger Örms (measured by capital stock) are more likely to start importing, all other

things equal.
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Figure 2: Thresholds for Current Importing Firms to Stop Importing: Fixed Costs,
Productivity, and Firm Size.
Note: The solid line represents the threshold of stopping importing for a current importer, which has

a median industry capital. Firms with a combination of productivity and Öxed costs above this line

(in the shaded area) stop importing. Firms below this line (in the unshaded area) continue importing.

The upward slope of the threshold suggests that as productivity goes up, current importers are more

likely to continue importing. The dashed line and the dot-dashed line represent the thresholds of

stopping importing for two hypothetical Örms, which are assumed to have the 75th and 25th quantile

of industry capital stock, respectively. The comparison of the three thresholds shows that larger

importers (measured by capital stock) are more likely to continue importing, all other things equal.
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to continue importing shifts up. This implies that, all other things equal, larger im-

porters (measured by capital level) are more likely to continue importing. The Önding

in Ögure to clearly shows that Örms that are larger and more productive are more

likely to continue importing.

The same results are also found in the other industries in our investigation. I

omit the results in the interest of space. In general, self selection of plants into the

importing market is clear: current non-importers are more likely to start importing if

they are larger, more productive, and/or have drawn a low sunk costs of importing;

current importers are also more likely to continue importing if they are larger, more

productive and/or have drawn a low Öxed cost.

8 Gains from Importing Intermediate Inputs

In this section, I will quantify the gains to plants from importing intermediate inputs

and decompose them into a static e¤ect and a dynamic e¤ect.

8.1 Gains from Importing

The total gain to plants from importing inputs is deÖned as the net gain of plant value

from importing, which equals the plantís value when it has access to the foreign import

market minus the value of the same plant in an autarky economy. An autarky refers to

an economy in which none of the plants have access to a foreign market. The autarky

plant value can be easily derived by solving the following standard investment model

V (!jt; Kjt) =�
0
(sjt) +�max

ijt

E!jt+1
V (!jt+1; Kjt+1)(22)

s:t: Kjt+1 =ijt + (1� �k)Kjt�1

!jt =E (!jt j !jt�1; djt�1 = 0) +"jt

It is straightforward that the solution to the autarky model is equivalent to our full

model with inÖnite Öxed and sunk costs for importing. Using this idea, we can easily

calculate the autarky plant value from our full model by letting the sunk and Öxed

costs be inÖnite. Total gains from importing intermediate inputs can be calculated as

Total gain = V (sjt)� V (!jt; Kjt)(23)
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To illustrate the gains from importing, I compute the plant values in the autarky

economy and the full model for an average plant. The average plant is deÖned as a

hypothetical plant whose capital and productivity level equals the mean of the indus-

tryís. Table 9 reports the gain to plants from importing inputs for all six industries,

with the state variables (!jt; kjt)chosen to be the industry means for each industry. I

compute the loss of Örm value if a Örm is prohibited from importing. Table 9 shows

that the total gains from importing inputs to the plant are substantial, accounting

for 0:87%� 22:28%of plant value. The result also shows that gains from importing

in more technologically advanced industries, the pharmaceuticals industry for exam-

ple, are relatively larger. At the same time, in traditional industries like the clothing

industry, the gains from importing inputs are very small. This is reasonable since,

intuitively, Örms in traditional industries cannot learn much from abroad, while Örms

in more technologically advanced industries can learn more from abroad.

Industry Name V(sjt) V(wjt,kjt) Total Gain Pctg. Gain

Basic Ind Chemicals 423.1123 361.8917 61.2206 14.47%
Pharmaceuticals 471.2608 366.2508 105.0101 22.28%
Plastics 327.7048 274.4459 53.2589 16.25%
Leather Shoes 94.6134 88.7746 5.8388 6.17%
Printing&Publishing 96.1717 91.8480 4.3237 4.50%
Clothing 91.1762 90.3861 0.7900 0.87%

Table 9: Total Gains From Importing (in millions of 1977 Pesos)

Notes: "Pctg. Gain" refers to the percentage gain from importing.

8.2 Static and Dynamic Gains from Importing

In this subsection, I decompose the importing gains into the static e¤ect and the

dynamic e¤ect, by simulating several modiÖed versions of the full model.

When there is no dynamic e¤ect of importing, gd = 0. We can solve the full dynamic

model under the restriction gd = 0to derive a new plant value, V (sjt j gd = 0), which

does not contain the dynamic e¤ect. I deÖne the gains from dynamic e¤ect as the

di¤erence between the Örm value in the full model and V (sjt j gd = 0). Then the

dynamic e¤ect of importing can be computed as:

Dynamic E¤ect =V (sjt)� V (sjt j gd = 0)(24)

I deÖne the static e¤ect as the di¤erence between the value of a Örm when it has

access to importing but has no dynamic e¤ect (V (sjt j gd = 0)) and the Örm value in
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the autarky economy (V (!jt; Kjt)):

Static E¤ect =V (sjt j gd = 0)� V (!jt; Kjt)(25)

I compute the value of V (sjt j gd = 0)by computing the full model under the

restriction V (sjt j gd = 0).15 Then I compute the dynamic e¤ect and static e¤ect using

equations (24) and (25). By deÖnition, the sum of dynamic e¤ect and static e¤ect

equals the total gains from importing.

Table 10 reports the static gains and dynamic gains from importing for average

plants of each industry, which are deÖned as a hypothetical plant whose capital and

productivity level equals the mean of the industryís. I Önd that the dynamic e¤ect

is large, accounting for over 86% of the total gains in all six industries. This implies

that importing is important mostly because it generates higher productivity growth

in the long run. This is consistent with the Öndings in Table 6. In the productivity

evolution process, importing experience has a positive and signiÖcant impact on future

productivity. This result indicates that when considering gains from importing, we

have to pay special attention to the associated dynamic e¤ect.

The the static e¤ect is always positive in all industries, accounting for 0.74% -

13.96% of the total gains from importing in the six industries. This positive static

e¤ect, which mainly consitutes the input quality and variety e¤ects, provides some ev-

idence for the popularly used "Quality and Variety E¤ects Assumption" of importing

in the literature. However, the comparison of the magnitudes of the dynamic e¤ect and

static e¤ect suggests that the quality and variety e¤ects of importing, although posi-

tive, are not the major sources of gains from importing; it is the dynamic productivity

e¤ect which makes importing so proÖtable.

The static e¤ect contains the input quality e¤ect and input variety e¤ect. A nice

feature of the model parameterization is that it provides a way to evaluate the input

quality e¤ect. I deÖne the input quality e¤ect as the di¤erence between V (sjt)in the

full model and V (sjt j A = 1), which is the Örm value when the quality e¤ect is shut

down. I compute V (sjt j A = 1)by solving the full model with under the restriction

A = 1. Then the input quality e¤ect of importing is computed as:

Input Quality E¤ect =V (sjt)� V (sjt j A = 1)(26)

15Note that the autarky value V (!jt;Kjt) is already derived when calculating the total gains from
importing in the previous subsection.
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Value Pctg. Value Pctg.

Basic Ind Chemicals 58.9987 96.37% 61.2299 3.63% 61.2206
Pharmaceuticals 102.8105 97.91% 2.1996 2.09% 105.0101
Plastics 51.6595 97.00% 1.5993 3.00% 53.2589
Leather Shoes 5.0599 86.66% 0.7789 13.34% 5.8388
Printing&Publishing 4.2915 99.26% 0.0322 0.74% 4.3237
Clothing 0.6800 86.07% 0.1101 13.93% 0.7900

Notes: "Pctg." refers to percentage, and defined as the share of gain from each
effect in the total gain from importing.

Table 10: Dynamic and Static Effects from Importing (in millions of 1977 Pesos)

Industry Name
Dynamic Effect Static Effect

Total E.

The residual, deÖned as:

Residual =Static E¤ect � Input Quality E¤ect (27)

contains the input variety e¤ect, along with the computational errors. I call this

residual, although not very rigorously, input variety e¤ect in the rest of this paper.

Table 11 reports the components of static e¤ect for average plants, which are

similarly deÖned as hypothetical plants with their capital and productivity equal their

industry median. The Örst column of results reprents the static e¤ect measured by Örm

value, and the third and Öfth columns represent the that of quality e¤ect and variety

e¤ect. The second, fourth, and sixth columns represent the corresponding share of each

e¤ect in the total gains from importing. Two interesting results are worth noting. First,

the input quality e¤ect, in general, is small or even negative. In the basic industrial

chemicals industry, the plastics industry and the the leather shoes industry, input

quality e¤ects are positive, ranging from 0:02%of the total importing gains in the

basic industrial chemicals industry to 1:34%in the plastics industry. However, they

are, in general, fairly small. In the other three industries, the input quality e¤ects are

negative, which is consistent with the estimate A < 1in Table 5 for these industries.

Note that the parameter A captures both the real quality advantage of imported inputs

and the domestic-to-imported input price ratio. A > 1but close to one means either

(1) the real quality e¤ect is small, or (2) the real quality e¤ect of imported inputs is

large, but the price of imported inputs is too high which o¤set its quality advantage16.

This result implies that importers do not gain much from better quality of imported

inputs if they take into consideration the price di¤erence of imported and domestic

16If price data on both imported and domestic inputs are available, the approach in this paper can
easily separate the real quality e¤ect from the relative price e¤ect.
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Value Pctg. Value Pctg. Value Pctg.

Basic Ind Chemicals 61.2299 3.63% 0.0093 0.02% 61.2205 3.61%
Pharmaceuticals 2.1996 2.09% ­3.2854 ­3.13% 5.4849 5.22%
Plastics 1.5993 3.00% 0.7149 1.34% 0.8844 1.66%
Leather Shoes 0.7789 13.34% 0.0003 0.10% 0.7785 13.33%
Printing&Publishing 0.0322 0.74% ­0.6404 ­14.81% 0.6726 15.56%
Clothing 0.1101 13.93% ­0.0008 ­0.10% 0.1108 14.03%

Quality Effect Variety Effect

Table 11: Components of Static Effect (in millions of 1977 Pesos)

Notes: "Pctg." refers to percentage, and is defined as the share of gain from each effect in
the total gain from importing.

Industry Name
Static Effect (total)

inputs.17 Second, the input variety e¤ect is substantial in all six industries, ranging

from 1.66% in the plastics industry to 15.56% in the printing and publishing industry.

This Önding implies that importing Örms do beneÖt substantially from more variety

of inputs due to importing.

Our estimation results have important implications for trade policy, especially for

developing countries. As we know, the technology used in developing countries is

relatively old and ine¢ cient. However, they usually halt participation in international

trade activity. The large gain from importing intermediate inputs suggests that the

developing countries may beneÖt from opening their markets to more active importing.

Also, as the cost/risk of a policy change is usually short-term, the government faces

an intertemporal trade-o¤ between the long-term gain and short-term risk/cost of a

trade policy change. The decomposition results show that the static gain from import-

ing is small but the dynamic gain is large. This suggests that even when the static

gain from importing (through input quality e¤ect and input variety e¤ect) is smaller

than the risk/cost of trade, the government may still Önd it beneÖcial to encourage

importing if the dynamic gain is large enough because importing can improve future

productivity in the long run.

9 Conclusion

This paper constructs a dynamic structural model to characterize Örmsídecisions on

whether to import intermediate inputs or rely exclusively on domestically-supplied
17If indeed there is signiÖcant real quality di¤erence between domestic and imported inputs, our

result of a "close-to-one" parameter A potentially supports the assumption in Kugler, Maurice and
Verhoogen (2009, 2012) that price is a good proxy for quality.
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inputs and to quantify the gains from importing on Örm level proÖt and productivity.

The model allows me to decompose the gains from importing into two components: a

static e¤ect and a dynamic e¤ect.

Empirical results from Colombian plant-level data show that self selection into

importing intermediate inputs is important. That is, more productive and larger

plants tend to import intermediate inputs from abroad. The empirical results also

show that gains to plants from importing inputs is substantial, accounting for about

0:87%� 22:28%of plantsícontinuation value in the six industries in examination.

A more interesting Önding is that the dynamic e¤ect is the most important source

of gain from importing intermediate inputs. It accounts for about 90%of the total

gains from importing. This implies that importing intermediate inputs is important

mainly because it can endogenously improve the importersífuture productivity in the

long term endogenously. According to the estimates, the dynamic e¤ect increases the

importersíannual productivity growth by 1:47%on average. These Öndings have im-

portant policy implications. For example, they imply that when evaluating an import

policy, the government should carefully evaluate the long-term gain from importing

against the short-term cost.

As the static e¤ect mainly constitutes the input quality and variety e¤ect of im-

porting, the positve static e¤ect of importing is consistent with the popularly accepted

"Quality and Input Variety E¤ect Assumption". However, the static e¤ect is fairly

small and is mainly due to the input variety e¤ect. The input quality e¤ect combined

with the price di¤erence, on the other hand, is trivial or even negative.

There are also some interesting topics for future research. First, in this paper, I

consider the endogenous choice of importing but keep the export counterpart as an

exogenous control, in order to focus on the import side. Considering the correlation

between export (demand side) and import (production side), it is a good idea to in-

corporate both of them in the model and study their endogenous interaction with one

another and their e¤ect on productivity dynamics and industrial structure. This will

give a more complete description of the dynamics of plantsíimporting and exporting

decisions. Another interesting topic is the relationship between importing (and export-

ing) and R&D. With R&D data, we can explicitly investigate the channels through

which imports and exports improve productivity. I leave these topics for future re-

search.
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Appendix
Appendix 1: Algorithm to Evaluate V 1(sjt)and V 0(sjt)

All the static parameters have been estimated from stage 1 and stage 2. Therefore

the only parameters to be estimated in this stage are the parameters in the distribution

of Öxed and sunk costs.

1. Pick a parameter set �1 2 �; where �is the parameter space. In this paper,

�1 = (�s; �f ).

2. Discretize the state space S into S 0 with N grid points, pick one grid state

s 2 S 0;

3. Given �1 and s, compute the value function V (s)deÖned in equation (7);

The algorithm to compute V (s)for given �1 and s:

3.1: Pick an starting value function V0(s); for all s 2 S 0;

3.2: Compute the choice-speciÖc value function V 1(sjt)and V 0(sjt)from equa-

tions (8), and (9); where F (wjt+1 j wjt;djt)is derived from the productivity evolution

process, and 
jt is assumed to be constant over time since the panel is short;

3.3: Use �(sjt); V 1(sjt)and V 0(sjt)to update the value function to V0(s);

Iterate until j Vi+1(s)� Vi(s)j is small enough. This Önishes computing the

value function at state s. Other states could be derived similarly via loop, or vector-

ization.

4. With the value function and the assumption on the distribution of Cf
jt and Cs

jt

in hand, we can write the likelihood functions: Ljt(�
1); Lj(�

1); L(�1)

5. Search over all the points in the parameter space �(or use other optimization

algorithms), and pick 
� = argmax
2� L(
)as the estimates of the dynamic parame-

ters.

Appendix 2: Self Selection to Import: A Numerical Example

In this appendix, I perform a numerical example to illustrate Örmsíself selection

into importing intermediate inputs. In particular, I want to answer the question:
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are more or less productive Örms more likely to import? I simplify the analysis by

parameterizing the value function.

Assume V (sjt; djt+1)takes the following áexible form,

V (sjt; djt+1) =a0 +aw1!jt +a
2
!2!2

jt +aw3!3
jt +ak1kjt +ak2k2

jt +ak3k3
jt (28)

+addjt +a!kdd0!jtkjtdjt +ad0djt+1 +a!kd0!jtkjtdjt+1

+a!kdd0!jtkjtdjtdjt+1

Then the di¤erence in the Örm value for the Örm to import and not to import is

�V =V 1(sjt)� V 0(sjt) =ad0 +a!kd0!jtkjt +a!kdd0!jtkjtdjt (29)

The linearity of �V in !jtkjt in this example depends on the functional form of V (s j
d0), but the main results remain valid if I use other more áexible functional forms.

Running a regression using equation (28) gives the summary statistics of V (sjt; djt+1),

which are reported in Table A1. The estimates of the choice speciÖc value function

gives the value di¤erence of the importer and non-importer in next period. In the

basic industrial chemicals industry, for example, the di¤erence of the choice-speciÖc

value function is

�V =V 1(sjt)� V 0(sjt) = (�1:6707 + 0:1837!jtkjt � 0:0055!jtkjtdjt)� 106

It is clear that for this speciÖc industry, current importing experience tends to

decrease the potential gain of importing (coe¢ cient on !jtkjtdjt is negative). This

is because the Örst-time importers can sometimes acquire one-time beneÖts, which

may allow Örst-time importers to gain more than existing importers. However, we

cannot interpret this result as a common result for all industries. Current importing

status may well increase �V , the additional gain of importers over non-importers,

because current importing experience can increase future productivity via the dynamic

productivity e¤ect of importing (gd > 0). The net e¤ect of current importing status

djt on �V equals the di¤erence between the dynamic productivity e¤ect and the Örst-

time-importer beneÖt. When the former is bigger than the latter, the coe¢ cient on

djt could be positive. The estimation results show that the Örst-time-importer beneÖt

dominates, and current importing experience tends to decrease the potential gain from

importing in all the six industries. The magnitude of the e¤ect of djt on �V is quite

small in all the six industries.
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Besides the point made above, I am particularly interested in the e¤ect of current

productivity on plantsíchoice of importing status. To see this, take the derivative of

�V with respect to productivity (!jt)

d�V

d (!jt)
= (0:1837� 0:0055kjtdjt)� 106 > 0

So the value of importing relative to non-importing is always increasing in productivity.

This result justiÖes the signiÖcant self selection of plants into the importing market:

more productive plants and more capital-abundant plants are more likely to import

inputs. I elaborate on this point in a bit more detail in Ögure 1 and Ögure 2.

In Figure 1, the thresholds of plantsídecisions to starting importing inputs are de-

termined by the function CS =�1:6707+0:1837!jtkjt: Plants (current non-importers)

with sunk cost and productivity below the solid line would like to start importing,

while plants above the curve would not. The positive slope of the solid line implies

that more productive plants are more likely to start importing inputs, showing a clear

self selection pattern into importing market.

Similarly, Figure 2 shows plantsíexit decisions from the importing market. The

thresholds of plantsídecisions to stop importing inputs are deÖned by the function

CF =�1:6707 + 0:1782!jtkjt. Importers with productivity and Öxed cost below

the red curve would continue importing, while those above the solid line would stop

importing. The positive slope of the solid line implies that more productive importers

are more likely to continue importing inputs, clearly showing a self selection for Örms to

continue importing. That is, more productive importers tend into continued importing.

42



Industry B.I.Chemicals Pharmaceutical Plastics L.Shoes Print&Pub Clothing

constant 646.6014 65.0779 1374.1488 ­13.4515 ­61.8935 90.4614
(166.1887) (39.8616) (415.6380) (163.0621) (2.4290) (43.2060)

w ­859.4062 ­424.2931 ­2491.2518 ­312.3677 ­2.1521 ­152.5948
(158.4182) (96.6087) (707.7880) (252.5648) (6.6079) (72.4795)

w2 294.3644 432.9022 1427.1816 155.7440 2.9648 82.3847
(50.3537) (77.7823) (400.9077) (130.0813) (6.1753) (40.4049)

w3 ­31.8498 ­132.4977 ­254.5626 ­24.3710 ­0.5258 ­12.6093
(5.3132) (20.7937) (75.4108) (22.2649) (1.8851) (7.4771)

k 55.7485 42.6903 25.5109 63.3869 22.3460 6.0324
(3.2190) (0.3200) (5.0015) (1.3622) (0.1783) (0.4941)

k2 ­4.0012 ­3.3426 ­2.0908 ­5.6228 ­1.9800 ­0.2827
(0.2158) (0.0251) (0.3395) (0.1046) (0.0134) (0.0387)

k3 0.1642 0.1842 0.1126 0.1907 0.0817 0.0218
(0.0047) (0.0006) (0.0075) (0.0026) (0.0003) (0.0010)

wkd 0.0744 0.0682 0.2639 0.0414 0.0281 0.0347
(0.0185) (0.0094) (0.0668) (0.0189) (0.0059) (0.0082)

d ­3.4144 ­1.0454 ­6.6947 ­1.0198 ­0.3816 ­0.7716
(0.8876) (0.1546) (1.7855) (0.4907) (0.0895) (0.1949)

d' ­9.2566 ­6.4835 ­38.8292 ­19.5905 ­1.6707 ­1.5471
(0.8876) (0.1546) (1.7855) (0.4907) (0.0895) (0.1949)

wkd' 0.2776 0.6978 2.1410 1.0238 0.1837 0.0961
(0.0185) (0.0094) (0.0668) (0.0189) (0.0059) (0.0082)

wkdd' ­0.0062 ­0.0092 ­0.0261 ­0.0043 ­0.0055 ­0.0041
(0.0076) (0.0049) (0.0298) (0.0087) (0.0037) (0.0040)

Table A1: Smooth Regression of Choice­Specific Value Function V(d'|s):million

Notes: Standard errors in parentheses.
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Appendix 3: Robustness Check

This appendix contains the estimation results for the robustness check in Section 6.

They are estimated from a subsample of the data set which only contains non-exporting

Örms.

Industry B.I.ChemicalsPharmaceuticals Plastics L.Shoes Print&Pub Clothing

αl 0.3508 0.3414 0.2913 0.4973 0.4801 0.5635
(0.0032) (0.0030) (0.0013) (0.0011) (0.0006) (0.0002)

αm 0.3846 0.5839 0.6235 0.3567 0.4374 0.3569
(0.0014) (0.0021) (0.0006) (0.0006) (0.0003) (0.0001)

A 0.9696 0.9706 0.9828 0.9964 0.9997 0.9994
(0.4694) (0.0911) (0.0270) (0.2164) (0.0406) (6.2074)

θ 4.4014 24.9377 18.5874 1.7724 35.7143 5.9312
(0.0811) (0.0856) (0.0384) (0.1674) (0.0482) (0.6933)

age 0.0606 0.0113 0.0330 ­0.0002 ­0.0267 0.0055
(0.0032) (0.0018) (0.0010) (0.0009) (0.0003) (0.0002)

ownership 0.1926 0.0487 0.0479 0.1081 0.1248 0.1340
(0.0103) (0.0098) (0.0066) (0.0587) (0.0029) (0.0092)

Table A2:  Robustness Check: Parameters of Static Inputs in Production Function (Non­Exporters)

Notes: The standard errors in parentheses.

Industry B.I.Chemicals Pharmaceu. Plastics L.Shoes Print&Pub Clothing
αk 0.1424 0.0662 0.0444 0.0933 0.0928 0.0540

(0.0097) (0.0031) (0.0015) (0.0016) (0.0002) (0.0006)
g0 0.2452 0.2115 0.3137 0.7894 0.6763 0.3520

(1.2080) (0.7623) (0.7764) (1.1252) (0.0451) (0.2156)
gω 0.9355 0.8772 0.8075 0.6348 0.4224 0.7889

(0.0857) (0.2622) (0.3062) (0.2023) (0.0192) (0.0670)
gd 0.0052 0.0097 0.0042 0.0262 0.0322 0.0042

(0.0101) (0.0099) (0.0025) (0.0152) (0.0013) (0.0080)
σω 0.0052 0.0410 0.0225 0.0425 0.0664 0.0349

Table A3: Robustness Check: Parameters in Productivity Evolution and Capital
Share for Non­Exporters

Notes: The standard errors in parentheses.
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Industry B.I.ChemicalsPharmaceuticalsPlastics L.Shoes Print&Pub Clothing

Revenue Function
rω 0.8389 1.7225 3.2131 3.8280 1.1466 2.4272
rk 0.1290 0.0454 0.1246 2.0700 0.0157 0.1908
rd 0.1406 0.1236 0.1558 0.4012 0.1146 0.1274
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