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Submission received: February 4, 2022
Final version received: August 2, 2022
Accepted: August 18, 2022
Published: December 26, 2022

Abstract

This paper analyses the dynamic linkages between firms’ imports of intermediate inputs and exports,
for Colombia, an emerging economy. We use data for manufacturing firms from the Colombian Annual
Manufacturing Survey, for the period 2007-2016. We specially focus on the identification of direct and
indirect effects of past importing/exporting experience on the likelihood of exporting and importing in-
termediates. We understand by indirect effects those that accrue from past experience (in exporting and
importing intermediates) on the probability of exporting/importing intermediates, through enhanced
productivity. Further, we analyse both own-direct effects of exporting (importing) and cross-direct ef-
fects of exporting (importing) on importing (exporting). In addition, we identify and quantify the role
of sunk costs and learning in explaining exporting and importing persistence. The estimation results
suggest the relevance of both direct and indirect effects (own and cross) to explain firms’ exports and
imports of intermediates decisions. Finally, we find evidence in favour of both importing and exporting
spillovers.
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1. Introduction

Intermediate imports represented about 60% of the goods and services imported both by OECD coun-
tries and by EU-28, and most importantly, accounted for a significant share of exports. The OECD
estimates that imported intermediate inputs content represented about one-quarter of OECD countries’
exports and about 28% of EU-28 countries’ exports (OECD., 2018). This evidence makes that in western
economies exports and imports follow similar paths across time. Interestingly, this phenomenon is not
exclusive of developed countries. The evolution over time of both exports and imports of intermediate
inputs in Colombian manufacturing has been quite similar since the beginning of the new millennium.
Both expansions and contractions of exports and imports of intermediates show similar growth rates and
a high degree of synchronicity. In a recent study, (Elliott et al., 2019) find that Chinese exporting and
importing firms also show analogous behaviours.

According to the Colombian Institute of Statistics, before the outbreak of the Great Recession, be-
tween 2000 and 2008, the average annual growth rate for exports and imports was about 16.8% and
14.4%, respectively. These figures have been attributed to the free trade agreements established with the
U.S., the European Union and China. The Great Recession severely hit both exports and imports. Thus,
the annual rates of growth for exports and imports fell to 10.7% and 7.1%, respectively. In 2010 and
2011, there was an important, although brief, recovery in international trade, as growth rates hiked to
32.1% for exports and 28.5% for imports. However, after this recovery, Colombian manufacturing has
experienced decreases both for exports and imports (between 2012 and 2018 the average rates of growth
were -9.8% and -3.1%, respectively). This reduction has been explained by the process of import sub-
stitution and the recession experienced by the Colombian economy.

Furthermore, it is key to acknowledge that the imported content of manufacturing exports has grown
steadily along the last 10 years, increasing from 12.1% to 16.2% on average. Besides, there is evidence
that the sectors with a higher export growth are those with a higher content of imports. Thus, Motor
vehicles, Coking and refining products, Metallurgical products and Transport equipment are the sectors
that show the highest average annual growth rates of exports in the period 2007-2016, and are the ones
with higher rates of growth of imports of intermediate inputs (8% on average in the same period).

The related evolution of exports and imports of intermediates over time in Colombia suggests the
existence of a link between these activities. This relationship could be attributable to some economic
facts. Exporters acquire knowledge and experience operating in international markets and these might
ease incorporating foreign inputs in their production process. Moreover, they may feel the competitive
pressure of other traders that incorporate higher quality inputs. Further, imports boost exports as many
firms in emerging economies purchase technologies incorporated in foreign capital goods, what might
allow them to increase quality, reduce costs and so prices. This contributes to improve firms’ perfor-
mance in local and foreign markets. Both export and import may have an impact on firms’ productivity
what might reinforce firms’ capacity to export and import, and, therefore, contribute to the competitive-
ness and economic growth of the economy. To analyse these international activities, it is important to
acknowledge that both export and import may imply costs that are sunk in nature. However there might
exist complementarity in these costs.1 Therefore, this points to the convenience of a joint analysis of the
determinants of firms’ exports and imports of intermediates decisions. Further, the geographical prox-
imity of other exporting/importing firms might have a positive and significant effect on the probability
that firms engage in international trade (either exporting or importing). Agglomeration economies can
help firms overcome start-up costs and ease firms’ incorporation to international trade (Duranton and

1It should be considered that the sunk costs of importing are usually lower than those of exporting, at least for the devel-
oping economics (Seker, 2009)
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Puga, 2004) Finally, foreign-owned firms, that usually are those being part of a global supply chain, are
more likely to enter the export-import business (Manova and Zhang, 2009); (Boddin et al., 2017).

The aim of this paper is to contribute to the analysis of the dynamic linkages between firms’ im-
ports of intermediate inputs and export decisions.2 We extend (Timoshenko, 2015b) model of export
participation (which allows to separately quantify the role of sunk costs and demand learning on the
firm’s likelihood of exporting), and propose a dynamic bivariate model (in the same vein that (Mañez
et al., 2020a) to analyse the dynamic interactions between both trading activities (export and import of
intermediates) and the role of sunk costs and learning (demand learning in the case of exports and import
supply learning in the case of imports). We will account for exporting and importing spillovers and for
the fact that firms are foreign participated.

In our empirical research, we use a representative sample of Colombian manufacturing firms for
the period 2007-2016, drawn from the Encuesta Anual Manufacturera (EAM, hereafter). This survey
provides information on exports of final goods and imports of intermediate inputs and the necessary
variables to estimate total factor productivity. We will complement this information using the Techno-
logical Development and Innovation Survey (EDIT), also for Colombia.

To anticipate our results, we find that firms past export and import experience have a positive effect
on the probability of exporting and importing, respectively. These effects take place not only through
a direct channel, but also through an indirect channel: both importing and exporting experience have a
positive impact on current productivity, and current productivity affects the future likelihood of export-
ing and importing. Furthermore, direct effects of past export (import) experience on the probability of
exporting (importing) result both from the existence of export (import) sunk costs and the process of
learning triggered by continuity in these activities. Our results also suggest that the relative importance
of learning to explain persistence is larger in the case of imports of intermediates than in the case of
exports. We also detect the existence of both importing and exporting spillovers. Lastly, firms partic-
ipated by foreign capital have a higher probability to engage in international trade (either exporting or
importing intermediates).

The rest of the paper is organised as follows. In section 2, we introduce the theoretical framework on
the direct and indirect effects of exports and imports. In section 3, we describe the data and present some
descriptive analysis in which we pay special attention to the relationship between exporting and import-
ing intermediates. In section 4, we present our empirical model and discuss methodological issues.
Section 5 reports and comments our main results. Section 6 is devoted to some robustness exercises.
Finally, section 7 concludes.

2. Theoretical framework on the direct and indirect effects of ex-
ports and imports.

In this research, we explore the possible direct and indirect links between firms’ exporting and import-
ing of intermediates strategies on the firm’s likelihood of importing intermediates and exporting. We
understand as indirect effects of importing (exporting) those that accrue to the likelihood of exporting
and/or importing through their potential productivity enhancing effects. We recognise as direct effects
of importing and exporting, those that may be attributed to importing and exporting strategies once we

2Henceforth, exports refer to exports of a final product of the firm (that could be an intermediate input for other firms) and
imports refer to imports of intermediate inputs.
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have controlled for indirect effects through enhanced productivity. Further, we will consider not only
how past export experience may have a direct/indirect effect on the likelihood of exporting itself (we
will refer to these effects as own-direct effects and own-indirect effects of exporting) but also possi-
ble direct/indirect effects of past export experience on the likelihood of importing (we refer to these as
cross-direct and cross-indirect effects of exporting). Analogously, we will also consider own and cross
effects of importing distinguishing also between direct and indirect effects. In Figure 1 we graphically
summarise all these effects.
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Figure 1: Direct and indirect links between exporting and importing.

A significant element to identify own-direct effects of exporting and importing intermediates is ac-
knowledging that both activities may involve incurring some costs that are sunk in nature, and that these
trading strategies might be subject to learning processes susceptible of generating dynamic increasing
returns to scale. In what follows, we discuss sunk costs and learning processes issues in turn. Export-
ing sunk costs stems from factors such as the need of setting up marketing and distribution channels,
exploring foreign demand and competition, customising own products characteristics to adapt them to
foreign tastes and/or meet other countries’ quality and security legislation. As for the sunk costs re-
lated to importing intermediates, one should consider that firms must invest resources to access higher
quality inputs, a larger range of inputs or the foreign technology incorporated in intermediate inputs
(Bustos, 2011). Recognising the existence of sunk costs implies that current imports of intermediates
(exports) depend on past import (export) trajectories, and therefore, transitory changes in trade policy
and/or economic conditions may have permanent effects on trade status. Thus, the existence of sunk
costs generates hysteresis in trade flows.

(Roberts and Tybout, 1997) estimate the decision to export for Colombian manufacturing in a model
in which firms’ past export decisions affect future exports decisions. Further, they suggest that the esti-
mated parameter for the past export decision, capturing state dependence, should proxy for the existence
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of export sunk costs.3 In our analysis, we extend (Roberts and Tybout, 1997) sunk costs identification
strategy to allow also past import decisions to affect future import decisions, using a similar strategy
to (Kasahara and Lapham, 2013), as we aim at identifying sunk costs both for exports and imports.
Notwithstanding, (Timoshenko, 2015b) suggests that state dependence of current exports might not be
fully attributed to sunk costs as it could be the result of sunk costs, learning about export markets or
both. As regards export market learning, (Arkolakis et al., 2018) and (Timoshenko, 2015a) consider that
when firms start exporting they face some uncertainty about the external demand for their products and
must learn about it. Likewise, we hypothesize that state dependence of current imports may be related to
import sunk costs, learning about import supply opportunities or both of them. Likewise, we hypothe-
size that state dependence of current imports may be related to import sunk costs, learning about import
supply opportunities or both of them. This is so as import starters need to learn customs procedures,
search for potential foreign suppliers, testing whether the intermediate inputs match their production
line, negotiation, contract formulation, etc. (Andersson et al., 2008); (Kasahara and Rodrigue, 2008);
and (Zhang, 2017).4 Nevertheless, as firms gradually acquire experience importing, uncertainty on these
matters decreases, what fosters to continue importing.

Now we turn to explain the rationale behind cross-direct effects of importing and exporting. Cross-
direct effects of importing intermediates on the probability of exporting may work through various chan-
nels.5 First, it should be considered that if foreign sourcing results in lower prices for intermediates, and
if this cost reduction is at least partially transmitted to prices, this may contribute to international com-
petitiveness. Second if importing firms have access to a wider range of inputs, to higher quality inputs6

or to the technology embodied in the intermediate inputs, this can favour product quality upgrading
and/or the introduction of new products, what may foster competitiveness in export markets (Goldberg
et al., 2010); (Fernandes and Paunov, 2013); (Bas and Strauss-Kahn, 2015); (Fieler et al., 2018); (Feng
et al., 2016). Third, the international markets experience that firms gain through importing intermediates
may be a valuable asset to improve sales abroad and may contribute to reduce the sunk costs associated
to start exporting.

As for the cross-direct effects of exporting on the likelihood of importing, they may also arise from
various channels. First, the foreign markets experience that firms gain through exports may ease foreign
sourcing and reduce the sunk costs associated to start importing. Second, more intense price competition
in foreign markets may force exporters to import inputs when imported inputs are cheaper than domestic
ones. Finally, if international markets put a high weight on product quality and importing higher quality
inputs allows exporters to upgrade the quality of their products, we expect exporters to be more prone to
import intermediates.

However, to properly identify the set of own- and cross-direct effects described above we need to
consider the own- and cross-indirect effects. Analysing the indirect effects of exporting and importing
both on the likelihood of exporting and importing intermediates involves acknowledging: the links be-
tween exporting and importing, and productivity; and, the links between productivity and the likelihood
of exporting and importing intermediates. The relationship between exporting and productivity has been

3Other works using the same strategy to identify the existence of export sunk costs are (Bernard and Jensen, 1999),
(Bernard and Jensen, 2004) for the US and, (Campa, 2004) and (Mañez et al., 2008) for Spanish manufacturing.

4As pointed by one of the reviewers, it is important to acknowledge that many importers know in advance the price of
the intermediate inputs they import, although there might be some other costs associated to importing that might be uncertain.
Further, firms that are part of a global supply chain will have more information on the quality of imported inputs.

5(Damijan and Kostevc, 2015) find a positive effect of importing on exporting for Spanish manufacturing, but they do not
distinguish between importing of intermediates and other imports.

6(Castellani et al., 2010) find that firms more exposed to international markets have a better performance. They suggest
that the better performance of importers of intermediate inputs is related to the fact that they import mainly high-quality
intermediates from major European countries.
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extensively explored. Since (Bernard and Jensen, 1999) a plethora of papers have found empirical evi-
dence suggesting that exporters are more productive that non-exporters. This exporting premium could
be explained by a process of self-selection into exporting of the more productive firms and/or from po-
tential productivity gains related to exporting. In the trade literature, the potential productivity gains
related to exporting are associated to the process of learning-by-exporting (LBE, hereafter) that export
participation may trigger. The gains in productivity associated to exporting are usually linked to growth
in sales that allows firms to profit from economies of scale, knowledge flows from foreign customers
and increased competition in international markets that forces firms to behave more efficiently. The
gains in productivity associated to LBE are not static but dynamic since they accrue to the firm through
exporting experience (De Loecker, 2007, 2013). Whereas there is widespread evidence of self-selection
into exporting, evidence on LBE is mixed and far from conclusive, and among those that find evidence
on LBE there are important differences about the magnitude and the duration of the LBE effect.7

The analysis of the impact of importing intermediates on productivity has deserved increasing at-
tention in recent years. (Kasahara and Rodrigue, 2008) suggest that importing intermediates may have
both static (inmediate) and dynamic effects on firms’ productivity. The static effect of the use of inter-
mediate inputs on firms’ productivity is associated to the fact that firms importing intermediates have
access to a wider variety of inputs and/or to higher quality inputs (Halpern et al., 2015), what could po-
tentially result in an increase in output for a given total spending on intermediate inputs. (Kasahara and
Rodrigue, 2008) attribute the dynamic (long-run) effect of import status on productivity to a process of
learning-by-importing (LBI, hereafter) that could be related to the fact that importers of intermediate in-
puts profit from positive dynamic technological spillovers. As it happens with LBE, empirical evidence
on the effects of importing intermediates on firms’ productivity using firm level data is mixed. (Kasahara
and Rodrigue, 2008), (Amiti and Konings, 2007) and (Halpern et al., 2015) find evidence suggesting a
positive impact of importing intermediates on productivity for Chile, India and Hungary, respectively.
Conversely, (Muendler, 2004) only finds a small contribution of imported intermediates and investment
goods on Brazilian firms’ productivity; and, results in (Van Biesebroeck, 2003) suggest that Colombian
firms’ productivity growth is more strongly correlated to export status than to importing intermediates.

The literature that jointly analyses the effects of exporting and importing intermediates on produc-
tivity is scarce. Among the few papers, it is worth mentioning (Kasahara and Lapham, 2013), who es-
timate a structural model in which heterogeneous final good producers simultaneously choose whether
exporting and importing intermediates. Their results, using Chilean plant data, suggest the existence
of aggregate productivity and welfare gains associated to exporting (final goods) and importing inter-
mediates. (Mañez et al., 2020a,b) using firm level data for Spain also obtain evidence suggesting that
both exporting and importing intermediates have a positive impact on firms’ productivity. In Figure 1
we graphically summarise own and cross effects of importing and exporting distinguishing also between
direct and indirect effects.

3. Data and descriptive statistics.

The data used in this paper are drawn from two databases. The Annual Manufacturing Survey (EAM)
and the Technological Development and Innovation Survey (EDIT), published by the Colombian Na-
tional Administrative Department of Statistics (DANE). The EAM is the annual census for industrial

7See for example (Silva et al., 2012) who offers a detailed survey on the LBE literature; (Martins and Yang, 2009) who
provide a meta-analysis for 33 empirical studies; or, (Singh, 2010) who concludes that evidence on self-selection of the more
productive firms into export markets overwhelms those works that find evidence in favour of the existence of learning-by-
exporting.
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establishments (identified according to the ISIC Revision 3 adapted for Colombia) with 10 or more
employees or, failing that, firms that record an annual production value equal or greater than a value
specified by the EAM for each reference year, which is indexed by the producer price index (PPI). It
collects annual information at the firm level for variables such as value added, number of employees,
energy consumption, among others. We use information of the EAM for the period 2007-2016. The
EDIT is a biannual survey whose objective is to characterise the technological dynamics, innovation ac-
tivities and technological development for manufacturing Colombian firms. It is a census of firms with
establishments employing 10 or more workers or, failing that, have an annual production value equal or
greater than a value specified by the EAM for each reference year. The statistical office uses, as in the
case of the EAM, the ISIC Rev. 3, adapted for Colombia. We use five waves of the EDIT (from wave
IV, for 2007-2008, to wave VIII, for 2015-2016).8 After merging the EAM with the corresponding five
EDIT waves and cleansing the data, we end up with an unbalanced panel data of ten years (2007-2016)
with 68,215 observations corresponding to 9090 firms.9 The final sample is composed by firms that
provide information for output, capital, materials, number of workers, imports and exports, performing
R&D, and other control variables used in the different econometric analyses carried out in this paper.
Also, due to the small number of observations in specific sectors, these are merged into the following
industries: 15 with 16 and 17 with 18.10 Therefore, we end up with 18 industries.

Table 1: Firms exporting and/or importing, 2007-2016.

Neither Export only Import only Both
Observations 46,864 7,265 4,489 9,591
Percentage 68.70 10.65 6.58 14.06

Table 1 shows the distribution of firms’ observations according to their trading strategies in our sam-
ple. The predominant strategy among Colombian manufacturing firms is not trading, as 68.70% of the
firms neither export nor import (intermediate inputs). Further, 14.06% are both importers and exporters,
10.65% are only exporters and 6.58% are only importers. Furthermore, importing is more frequent
among exporters than among non-exporters, whilst 53.46% of the exporters import intermediates, for
nonexporters this percentage is much lower, 9.13%. Likewise, whereas 66.88% of the importers of in-
termediates also export, only 13.58% of the non-importers are involved in exporting activities.

In Figure 2, we plot the evolution across time of the proportions of firms classified according to
their trade status (we leave out the firms that neither export nor import). These proportions remain quite
constant along the period of analysis in general. The number of two-way traders and only exporters
increases by 3% and 2%, respectively. However, the number of only importers decreases by 3%.

3.1. Persistence in exporting and importing.

To gain insight on persistence in exporting/importing, in Figure 3 we plot the Kaplan-Meier (KM, hence-
forth) exports and imports survivor functions. The KM (empirical) survivor function shows the percent-
age of exporting (importing) spells that continue in operation after a given number of years. We define an
export (import) spell as a period of uninterrupted exporting (importing), i.e., the number of consecutive
years exporting (importing). An export (import) spell is considered as starting in year t if the firm did

8We do not use previous versions of the EDIT due to important changes in the process gathering information on firms’
innovations (Villarreal et al., 2014).

9We drop all observations with missing information in the relevant variables for our estimations as well as some outliers
(firms with values in the variables we use to calculate TFP below and above the centiles 1 and 99, respectively).

10We merge these industries as they produce related outputs. The Industry 15 now is Beverage/Food and Tobacco and the
industry 17 now is Textiles, Textile products, Leather and Footwear.
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Figure 2: Evolution of the rates of firms only exporting, only importing and both exporting and import-
ing.

not export (import) in year t − 1 but exports (imports) in year t. Analogously, an export (import) spell
is computed to end in year T if this is the first year in which the firm declares not exporting (importing),
after one or more years continuously exporting (importing). Thus, we proxy persistence in exporting
(importing) by the extent of continuous engagement in exporting (importing).

It is interesting to note that the export survival function is always above the import survival function,
indicating that the export spells are longer than the import spells. Thus, whereas the median duration of
import spells is 3 years, that for export spells is 4 years. Additionally, we can observe that both for ex-
port and import spells, the percentage of firms that abandon exporting and importing decreases as firms
age in the corresponding trading activity (both KM survival functions get flatter as duration lengthens).
This might indicate the existence of negative duration dependence attributable to learning in exporting
and importing.11

3.2. On the relationship between exporting and importing.

In this sub-section we explore the relation between export and import of intermediate inputs strategies.
We start the descriptive analysis of this relationship exploring the impact of import (export) experience
over the probability of starting to export (import intermediate inputs). For this purpose, we estimate the
following reduced form probit equations for export starters (Xstarter),

11(?) relate the negative duration dependence of exports to a learning process arising from continuous exporting.
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Figure 3: Keplen maier.

XStarterit = β0 + β1MExpit−1 + γZit−1 + νt + ηs + uit (1)

and import (of intermediate inputs) starters (MStarter),

MStarterit = β0 + β1XExpit−1 + γZit−1 + νt + ηs + uit (2)

We consider as an export starter in t a firm not exporting either in t− 2 or t− 1, but exporting both
in t + 1 and t − 1. Analogously, we consider as an import of intermediate inputs starter in t a firm not
importing either in t − 2 or t − 1, but importing both in t and t + 1.12 We use two alternatives proxies
for export experience (XExp) and import experience (MExp): first, we proxy it using a dummy variable
taking value 1 if the firm was an exporter (importer) in period t − 1 (Xit−1 and Mit−1); and, second,
we use as a proxy the firm’s export (import) age up to period t− 1, defined as the number of continuous
years exporting (importing) up to period t − 1 (hereafter, we use MA to refer to import age and EA to
refer to export age in equations). Zit is a set of control variables (lagged one period to avoid problems
of endogeneity) that includes the log total factor productivity (ω) and the log of firm size (Size). νt is a
vector of year dummies and ηs is a vector of industry dummies.13

In Table 2 we report the average marginal effects corresponding to the estimation of both the export
and import starters equations. According to these results, we observe that regardless of whether we proxy
import (export) experience using lagged import (export) participation or import (export) age, firms with
past import (export) experience are more likely to start exporting (importing): both the marginal effects

12We require firms to export (import) at least two consecutive years to remove occasional exporters (importers).
13In estimation, we control for export age and import age using log(XAit−1 + 1) and log(MAit−1 + 1), respectively, to

be consistent with the rest of the analyses in the paper.
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of the lagged import (export) participation dummy and the import (export) age variables are positive and
statistically significant in the export (import) starters equation. Furthermore, our results also suggest
that larger and more productive firms in t − 1 are more likely to start exporting and importing in t,
what provides evidence in favour of the existence of selection into exporting and importing processes
for Colombian manufacturing firms.

Table 2: Impact of import (export) experience on the probability of becoming an export (import) entrant.

Export Import
Spec. 1 Spec. 2 Spec. 1 Spec. 2

Mit−1 0.014***
(0.002)

log(MAit−1 + 1) 0.009***
(0.002)

Xit−1 0.017***
(0.002)

log(EAit−1 + 1) 0.011***
ωit−1 0.003*** 0.003** 0.008*** 0.008***

(0.001) (0.001) (0.002) (0.002)
Sizeit−1 0.010*** 0.001*** 0.011*** 0.011***

(0.001) (0.001) (0.001) (0.001)
Observations 23,913 23,613 24,405 24,405

Notes: We report average marginal effects.
Industry and time fixed effects are included in all the estimations.
Robust standard errors are in parenthesis.
***, **, * indicate statistical significance at the 1%, 5%, and 10% levels, respectively

Next, we analyse whether firms with more experience in importing (exporting) show a higher export
(import) persistence, using survival models. In particular, we estimate a discrete time proportional haz-
ard model in which the duration of exports (imports) spells is treated as a discrete time, not because it is
intrinsically discrete but because data are available on a yearly basis (interval-censored data). Although
the underlying transition process between exporting (importing) and not-exporting (notimporting) may
occur in a continuous way, we only observe these transitions annually. This estimation method allows for
a flexible specification of the baseline hazard and to control for unobserved heterogeneity, which helps
to better identify the correlation between import (export) experience and export (import) persistence.
More specifically, we estimate the discrete time representation of the following underlying continuous
time proportional hazard function to analyse the duration of exports,

hX(t,MExpit−1, Zit−1) = h0(t)
Xexp(β0 + γMExpit−1 + βZit−1 + ηs + µt)νi (3)

and the symmetric one to analyse the duration of imports,

hM (t,XExpit−1, Zit−1) = h0(t)
Mexp(β0 + γxExpit−1 + βZit−1 + ηs + µt)νi (4)

where X and M denote exports and imports of intermediate, respectively. hK = (t,KExpit−1, Zit−1)
for K = X,M, is the hazard function of continuing exporting or importing; h0(t)K , the baseline haz-
ard, is proxied by export survival time in the export survival equation and import survival time in the
import equation. MExpit−1 is firm’s import experience, measured as the log(MAit−1 + 1) in the ex-
port survival equation, and XExpit−1 is firm’s exports experience, measured as the log(EAit−1 +1) in
the import survival equation; Zit−1 is a vector of control variables including one-period lagged logs of
firm size and TFP. In estimation we also include a vector of year (µt) dummies and a vector of industry
dummies (ηs). Unobserved heterogeneity (νi) is incorporated multiplicatively. The reason is that in this
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way, it measures a proportional increase or decrease in the hazard rate of a given firm, relative to an aver-
age firm. In estimation, we assume that unobserved heterogeneity (frailty) follows a gamma distribution
(see (Allison, 1982) and (Jenkins, 2005))14 It is important to remark that in proportional hazard survival
models, the baseline hazard (h0(t)

k for K = X,M) is the hazard that, after controlling for covariates
and unobserved heterogeneity, can be attributed to the passage to time, i.e., the number of continuous
years of exporting (importing) in the export (import) survival equation. We expect that sunk costs and
learning will induce a pattern of negative duration dependence for the baseline hazard.15

In Table 3, we present the estimates of the export and import survival equations. In these two equa-
tions, the null that the variance of the unobserved heterogeneity component is equal to zero is rejected.
Therefore, we confirm the need of controlling for the unobserved heterogeneity component.16 The es-
timated coefficients indicate the effects of covariates on the hazard of termination of export and import
spells. Positive coefficients should be interpreted as an increase in the hazard rate, and they are asso-
ciated to a reduction in the expected duration of the export or import spell. On the contrary, negative
coefficients indicate a reduction in the hazard rate, as they are associated to an increase in the expected
duration of exporting or importing spells.

Table 3: The effect of import (export) experience on export (import) survival.

Export Survival Import Survival
log(ExportSurv.time)it -0.925***

(0.409)
log(importSurv.time)it -0.943***

(0.038)
log(ImportAgeit−1 + 1) -0.315***

(0.055)
log(ExportAgeit−1 + 1) -0.238***

(0.043)
Sizeit−1 -0.230*** -0.182***

0.021 0.019
ωit−1 -0.054* -0.081***

(0.030) (0.027)
Unobserved heterogeneity
(test of significance of the variance of the frailty component)
χ2(01) 12.128 16.504
Prob ≥ χ2 (0.000) (0.000)
Number of observations 12,411 10,441
Number of spells 3,908 3,769

Notes: Industry and time effects are included in all estimations.
***, ** , * Indicate statistical significance at the 1%, 5% and 10% levels, respectively.

The negative estimate for export experience, log(ExportSurv.Time), on the export survival equation
14We estimate the survival models using S. Jenkins Stata’s routine pgmhaz8 that implements a cloglog model with a gamma

distributed unobserved heterogeneity. It is available by typing ssc install pgmhaz8 inside Stata.
15The dependent variable of the export/import survival models, that we use to analyse exports/imports persistence, is not

measured directly (in terms of the number of years of continuous exporting/importing) but consists of a binary variable taking
value 1 for the survival period in which the firm quits exporting/importing and 0 as long as it remains exporting/importing.

16In Table 4, we present coefficients and not hazard ratios because when unobserved heterogeneity is relevant, the interpre-
tation of the hazard ratios becomes burdensome and the exponentiated coefficients do not have any longer the interpretation of
hazard ratios.
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provides evidence in favour of a pattern of negative duration dependence (i.e. the probability of ter-
mination for an export spell decreases with the length of the spell), which could be related both to the
existence of exporting sunk costs (Roberts and Tybout, 1997) and learning-by-exporting (Timoshenko,
2015a). Further, the estimated coefficient for import experience on the export survival equation is nega-
tive and statistically significant, suggesting that import experience is associated to longer duration of the
exporting spells. Our estimates also suggest that larger and more productive firms enjoy longer exports
spells.

The estimates corresponding to the import survival equation also indicate the existence of a pattern
of negative duration dependence, as the coefficient of log(ImportSurv.Time) is negative and statistically
significant. As before, we believe that this duration pattern is very likely related to the existence of
sunk import costs and a process of learning associated to continuous importing. As for the relationship
between import persistence and export experience, the negative and statistically significant estimate for
the export experience variable signals that firms with more export experience enjoy longer imports spells.
Finally, larger and more productive firms also endure longer importing spells.

4. Empirical modelling.

4.1. Modelling the joint decisions of exporting and importing.

We specify our model considering that the decisions of exporting and importing intermediates might be
interrelated,17 thus we will use a joint specification. Each of the two decisions would be specified in
terms of sunk costs (Roberts and Tybout, 1997), learning (Timoshenko, 2015a) and a set of variables
that proxy for the payoffs of each trading activity. We devote the rest of the section to justify the choice
of this specification.

Both when entering export markets and when making the choice of importing intermediate inputs
firms will face costs that are sunk in nature. Exporting sunk costs stem from factors such as setting
up marketing and distribution channels, exploring foreign demand and competition, customising the
characteristics of their products to adapt them to foreign tastes and/or to meet other countries quality
and security legislations. Regarding to the sunk costs related to import intermediates, it should be con-
sidered that firms must invest resources to access higher quality inputs, a larger range of inputs, or to
the foreign technology incorporated in intermediate inputs (Bustos, 2011). The existence of sunk costs
related to both exporting and importing intermediates entails that firm’s past export decisions (Xit−1)
and past import of intermediates decisions Mit−1 should be considered as state variables in the firm’s
current export and import of intermediates decisions, respectively.

After (Roberts and Tybout, 1997) research, the state dependence of exports and imports has been
attributed to the existence of sunk starting-up and ceasing costs.18 Nevertheless, (Timoshenko, 2015a)
notes that the state dependence of current export status should not be fully attributed to sunk costs as it
could be the result of sunk costs, demand learning in export markets or both. Analogously, we believe
that state dependence of current imports may be related to sunk costs, import supply learning or both of
them. As for the demand learning in exports markets, (Arkolakis et al., 2018) and (Timoshenko, 2015b)

17The specification does not impose that the two decisions are necessarily interrelated; instead, it considers that firms may
implement distinct export and import strategies, i.e. some firms only export, some only import, and others decide to perform
both activities

18(Roberts and Tybout, 1997) and (Timoshenko, 2015a) develop these arguments in the estimation of an export decision
equation. However, we believe that they are also valid when analysing firms’ import decisions.
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assume that firms, when start exporting, are uncertain about the appeal of their products and must learn
about it. As firms continue exporting they learn about their appeal. In the same line, we hypothesize
that when firms start importing intermediates they face some uncertainty as they need to learn customs
procedures, search for potential foreign suppliers, testing whether the intermediate inputs match their
production line, negotiation, contract formulation, etc. However, as firms gradually acquire experience
importing intermediate inputs this initial uncertainty about intermediate input supply gets reduced and
so eases to continue importing intermediates. Thus, following (Timoshenko, 2015a), in order to disen-
tangle the effect of export sunk costs and demand learning in the export decision, and the effect of import
sunk costs and import supply learning in the imports of intermediates decision, we include as additional
regressors the log of export age (log(EAit−1 + 1)) and the log of import age (log(MAit−1 + 1)) in the
export and imports equations, respectively. EAit−1 and MAit−1 are measured as the number of years
continuously exporting and importing intermediates up to period t− 1, respectively.19

Using the terminology proposed in section 2, we consider that both the export sunk cost and the
demand learning effects proxy for own-direct effect of exporting. Analogously, the import sunk cost and
the import supply learning effects proxy for the own-direct effect of importing.

In this dynamic framework, a firm will export and/or import intermediates in year t whenever the
current increase in gross operating profits associated to the decision of exporting and/or importing inter-
mediates plus the discounted expected future returns from being an exporter (importer) in year t exceed
sunk costs.

Insofar as the value function of a firm that decides to import intermediates may be influenced by
its optimal past export decisions and vice versa, our joint likelihood will include firms’ past imports of
intermediates experience (MExpit−1) as a variable explaining the current probability of exporting, and
firms’ past exports experience (XExpit−1) as a variable explaining the current probability of import-
ing. These two variables capture cross-direct effects of importing on exporting and cross-direct effects
of exporting on importing, respectively.

Furthermore, when past export and/or import experience may affect future productivity, the proper
identification of own- and cross-direct effects of exporting and importing intermediates requires to ex-
plicitly considering the effect of past export and import experience on current productivity (see
(De Loecker, 2013) for exports and (Kasahara and Rodrigue, 2008) for imports). Accounting for the
role of past import and export experience in shaping firms’ future productivity requires departing from
(Timoshenko, 2015b) assumption of an exogenous Markov process for the law of motion of produc-
tivity. Thus, as explained in detail in the next section, we will consider a more general (endogenous)
Markov process that allows for past experience importing intermediates and exporting to affect current
productivity. In addition, this will allow us to analyse learning-by-exporting and learning-by-importing
processes not explicitly considered in (Timoshenko, 2015b) analysis.

Note that if productivity evolves endogenously depending on past import and export decisions, firms’
payoffs from importing intermediates (exporting) depend positively on how much past importing inter-
mediates (exporting) experience increases future productivity. Thus, in our empirical model the net
benefits from exporting and importing intermediates are increasing in productivity. This implies endog-
enizing the self-selection mechanism, since firms’ past import/export experience may increase produc-

19The log transformation of the Export and Import Age variables is specified as log(EAit−1 + 1) and log(MAit−1 + 1).
(Timoshenko, 2015a) shows that it allows separating the state dependence effects into its two components, sunk costs and
learning. Further, this transformation avoids the problem of calculating the log value of 0 for firms without export or import
experience.
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tivity, and hence, would positively affect the probability of firms self-selecting or continuing in such
trading activities. Therefore, we include the log total factor productivity (ωit−1) in our our specification
of the joint likelihood of exporting and importing intermediates.

As discussed in the section 2, we refer to the effects of exporting on the likelihood of exporting
and the likelihood of importing intermediates that are channelled through enhanced productivity, own-
indirect effect and cross-indirect effect of exporting, respectively. Likewise, we refer to the effects of
importing that accrue to the likelihoods of importing and exporting, through increased productivity, as
own-indirect effects and cross-indirect effects of importing, respectively.

Moreover, proper identification of own- and cross-effects of importing and exporting requires con-
trolling for other variables that, in addition to productivity, may potentially affect the exporting and
importing payoffs, and therefore firms’ export and import decisions. Thus, we control for observable
firm/market characteristics, a vector of time dummies µt and a vector of industry specific dummies, µs.

The vector of control variables, Zit, includes firm’s size, firms’ markups,20 demand evolution,
whether the capital of the firm has foreign participation21 and firm complementary assets such as the
intensity of skilled labour or whether firms performs R&D. Further, we also aim to capture the existence
of positive and significant effects (on the probability of exporting/importing) related to the geographical
proximity of other exporting/importing firms. Agglomeration economies can help firms overcome start-
up costs and engage in trade. Positive spillovers might arise from the sharing of indivisible goods and
facilities and a greater variety of more specialized inputs, from a better mix of specialized employment
or intermediate inputs and services, and from learning and spreading knowledge about, among others,
production technologies and market opportunities (Duranton and Puga, 2004). Therefore, we also con-
trol for the existence of exporting (importing) spillovers stemming from geographical proximity of other
exporters (importers).22 We lag the set of control variables one period to avoid potential problems of
simultaneity. Including the vector of time dummies, µt allows capturing macro-level changes in market
conditions that are common across firms, such as the business cycle, credit market conditions, overall
changes in demand and other time varying factors. The inclusion of the vector of industry dummies, µs,
allows controlling for unobservable characteristics on the specific behaviour of firms in each industry.

The econometric model we estimate is a dynamic bivariate probit model for the joint decisions of
exporting and importing intermediates. We condition these decisions on the set of variables above de-
scribed:

Xit =

{1 if γX
0 +γX

1 Xit−1+γX
2 log(EAit−1+1)+γX

3 MExpit−1+γX
4 ωit−1+βXZit−1+

∑4
j=2 γ̃X

it−jX̃it−j+µX
t +µX

s +uX
it≥0

0 otherwise

Xit =

{1 if γM
0 +γM

1 Mit−1+γM
2 log(MAit−1+1)+γM

3 XExpt−1+γM
4 ωit−1+βMZit−1+

∑4
j=2 γ̃M

it−jM̃it−j+µM
t +µM

s +uM
it ≥0

0 otherwise
(5)

In the system of equations 5, positive and significant estimates for γX1 and/or γX2 should be consid-
ered as evidence in favour of the existence of own-direct effects of exporting: γX1 measures the export

20We calculate markups using (De Loecker and Warzynski, 2012) methodology.
21Unlike local firms, firms that are foreign owned are more likely to enter the export-import business. (Manova and Zhang,

2009), (Boddin et al., 2017) provide evidence in this regard.
22We calculate export (import) spillovers as the percentage of exporting (importing) firms that export (import) in the same

Colombian department, year and technological sector, excluding the own firm. An alternative possibility would have been
to calculate them at the industry level. Nevertheless, there is a significant number of year-industry-department combinations
with no exporters or importers. Industries are classified into three technological intensity sectors, in accordance with the
OECD technological intensity classification (ISIC Rev. 3) (Hatzichronoglou, 1997). Due to low number of observations in the
high-tech sector, we merge it with the med/high-tech sector. See Table A2 in the Appendix for the industry classification into
technological sectors.
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sunk cost effect and γX2 measures the demand learning effect. Analogously, positive and significant esti-
mates for γM1 and/or γM2 suggest the existence of own-direct effects of importing. Whilst γM1 measures
the import sunk cost effect, γM2 measures the import supply learning effect.

At this point, it is relevant to deepen into the differences of a model without demand learning and
import supply learning effects. Let us use as example the export equation. In a model without de-
mand learning the total own-direct effect of one-year export experience is given by γX1 and it is fully
attributed to export sunk costs. Nevertheless, in a model with demand learning effects, the total own-
direct effect of one-year exporting experience is γX1 + γX2 log(EAit−1 + 1) = γM1 + γM2 log(2), and it
can be decomposed in the corresponding export sunk costs effect, γX1 , and the demand learning effect,
γX2 log(2). Therefore, to the extent that the estimate of γX2 results positive and significant, in a model
without demand learning we would be overestimating the true sunk cost effect. An identical argument
can be applied to the decomposition of the total own-direct effect of one-year importing experience into
the import sunk cost effect (γM1 ) and the import supply learning effect (γM2 log(2)).

As for the cross-direct effects of past export experience (XExpit−1) on the probability of import-
ing and cross-direct effect of past import experience (MExpit−1) on the probability of exporting, we
consider two different proxies for past export (import) experience: whether the firm exported (imported)
in period t − 1 and the number of years of continuous exporting (importing) up to t − 1. Positive and
significant estimates of γX3 and γM3 suggest that past import experience positively affects the probability
of exporting and past export experience positively affects the probability of importing, respectively.

In addition, the estimates γX4 and γM4 should provide evidence on the existence of a self-selection
/continuation mechanism of the most productive firms into exporting and importing. It should be consid-
ered that for firms that start exporting/importing they capture the well-known self-selection mechanism
into exporting and importing. In contrast, for firms already exporting/importing, γX4 and γM4 capture an
endogenous selfs-election mechanism (Mañez et al., 2020b), that is at work when firms’ previous export
and import experience shape future productivity, and, therefore the probability of continuing exporting
and importing. More specifically, a positive and significant estimate of γX4 is a necessary condition for
the existence of the own-indirect effect of exporting and the cross-indirect effect of importing. Likewise,
a positive and significant estimate of γM4 is a necessary condition for the existence of the own-indirect
effect of importing and the cross-indirect effect of exporting.

(Timoshenko, 2015a) theoretical model assumes full depreciation of sunk costs and export experi-
ence once a firm stops exporting. Nevertheless, as she does in her empirical application, it is sensible
to assume that this depreciation happens gradually as firms remain without exporting/importing. To ac-
count for the possibility of lower sunk start-up costs for firms that re-start exporting (importing) after j
years without doing so, we follow (Roberts and Tybout, 1997) and broaden the export decision equation
to include X̃it−j(for j = 2, ..., J) and the import decision equation to include M̃it−j(for j = 2, ..., J).
X̃it−j is a dummy variable taking value one if the last time the firm exported was in t − j; and, anal-
ogously, M̃it−j is a dummy variable taking value one if the last time the firm imported was in t − j.
Furthermore, observation of the evolution of γ̃Xit−j and γ̃Mit−j as j increases will allow us to infer the
pattern of depreciation of export and import experience.

Finally, there may be firm unobserved factors that may affect firms’ imports and export decisions
such as managerial skills or the ability of the personnel in the firm’s exports or purchases departments.
Thus, we assume that the error term, uit, has two components, a permanent firm specific effect (αi) and
a transitory component ϵit, then uit = αi + ϵit. Hence, we allow for two sources of serial correlation in
uit. This is an important issue since, whether or not the error term ϵit is independent across t, uit will
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be always serially correlated because of αi.

In the estimation of the dynamic bivariate probit model 5, we control for correlated unobserved firm
heterogeneity using the approach proposed by (Blundell et al., 1999, 2002). It implies making assump-
tions about the distribution of the unobserved effects (αi) conditional on observed variables and adopting
a conditional maximum likelihood approach (Chamberlain, 1982). Therefore, following (Blundell et al.,
1999, 2002) we may model the distribution of αi as:

αi = γ0 + γ1qi + eit (6)

Where q̄i includes the pre-sample means of the dependent variables of the export and import equa-
tions (ȳExp

i0 and ȳImp
i0 , respectively.) (Blundell et al., 1999) suggest that firm permanent effects might be

captured by the entry pre-sample means of the dependent variables, which should act as sufficient statis-
tics for unobserved firm heterogeneity. Thus, ȳExp

i0 and ȳImp
i0 are added as additional regressors of the

export and imports equations in 5. Finally, eit represents the error term which is assumed to be indepen-
dent of the pre-sample means of the dependent variable, the explanatory variables and the idiosyncratic
error term of the main equation. As we use as pre-sample period 2007-2009 and the explanatory vari-
ables in equation 5 are lagged one period, we carry out estimation for the period 2010-2016.

4.2. Production function estimation.

We assume that firms produce using a Cobb-Douglas technology:

yit = β0 + βllit + βkkit + βmmit + βdmdmit + ωit + ηit (7)

Where yit is the natural log of production (output in real terms) for firm i in period t, lit is the natural
log of labour (as measured by the number of employees), kit is the natural log of capital and mit is the
natural log of intermediate inputs (materials in real terms). As for the unobservables, ωit is the log of
firm’s productivity (not observable for the econometrician but observable or predictable by the firm) and
ηit is a standard i.i.d error term (neither observable nor predictable by the firm). Further, we assume
that capital is a state variable, whereas labour and materials are adjustable inputs when a firm faces a
productivity shock (i.e., they are variable non-dynamic factors).23

In line with (Kasahara and Rodrigue, 2008) and (Halpern et al., 2015) we augment the production
function 7 to include as a shifter the term dmit (a dummy variable for the firm’s discrete choice of
importing intermediates). Using (Kasahara and Rodrigue, 2008) terminology, the estimated coefficient
of dmit captures the static contribution of importing intermediate inputs to firms’ production. Thus, a
positive and significant βdm would suggest an inmediate effect from the use of importing intermediates
on firm’s productivity. This static effect of the use of intermediate inputs on output is associated to the
fact that firms importing intermediates have access to a wider variety of inputs and/or to higher quality
inputs, what could potentially result in an increase in output for a given total spending on intermediate
inputs.

23It is assumed that Kit is accumulated according to a dynamic investment process, Kit = (1 − δ)Kit−1 + iit−1, where
iit−1 is the firm investment in period t − 1 chosen after observing ωit−1. The implicit assumption is that it takes a full time
period for the new capital to be ordered, delivered, installed and become fully productive.
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The procedure we use to obtain consistent estimates of input elasticities and estimates of TFP resid-
uals relies on (Wooldridge, 2009) who argues that both the semiparametric (Olley and Pakes, 1996)
and (Levinsohn and Petrin, 2003) control function approaches can be reconsidered as consisting of two
equations which can be jointly estimated by GMM using the appropriate instruments. The first of these
equations tackles the problem of endogeneity of non-dynamic inputs, and the second equation deals with
the problem of the law of motion of productivity. In the first equation, to solve the problem of endo-
geneity of variable inputs (labour and materials), following (Levinsohn and Petrin, 2003) we proxy for
unobserved firm productivity by inverting the intermediate material demand function.24 Thus, produc-
tivity can be expressed as a function of observables. As for the second equation, to proxy for unobserved
firm productivity, we assume the following endogenous Markov process for the law of motion of produc-
tivity (see (De Loecker, 2013) (Kasahara and Rodrigue, 2008), for exports and imports, respectively):

ωit = E[ωit|ωit−1, dmit−1, dxit−1] + ξit = f(ωit−1, dmit−1, dxit−1) + ξit (8)

wheref(·) is an unknown function that relates productivity in t with productivity in t− 1 and with past
firm’s import (dmit−1) and export decisions (dxit−1), and ξit is an innovation term uncorrelated with
kit.25 The specification of the endogenous Markov process in 8 allows capturing both the potential in-
crease in productivity stemming from a process of learning-by-exporting (De Loecker, 2013); and, the
potential existence of dynamic/long run effects arising from the usage of imported intermediate inputs
on firms’ productivity (see (Kasahara and Rodrigue, 2008)). This dynamic effect of importing inter-
mediates on productivity through learning-by-importing could be related to the fact that importers of
intermediate inputs profit from positive dynamic technological spillovers through contact with foreign
suppliers and suppliers’ technology embodied in intermediate inputs (Mañez et al., 2020b).

After controlling in our estimation procedure for the endogeneity of variable inputs (using the ap-
proach suggested by (Levinsohn and Petrin, 2003)) and the dynamic effect of productivity related to
the usage of imported intermediate inputs, the estimated coefficient βdm in 7 captures the increase in
productivity that a firm enjoys from switching from not importing intermediates to importing them, and
that (Kasahara and Rodrigue, 2008) coined as inmediate/static effect of importing intermediates.

We estimate the production function 7 separately for eighteen industries and obtain estimates of
firms’ TFP as the residuals from the Cobb-Douglas production function:

ω̂s
it = ysit − β̂s

l lit − β̂s
mmit − β̂k

kkit − β̂dm
sdmit (9)

Where ω̂s
it is the estimated log total factor productivity of firm i operating in industry s in period t.26

4.3. Identification of the indirect effects of exporting and importing.

We consider as indirect effects of exporting and importing, on the likelihood of exporting and importing,
those that happen through enhanced productivity, e.g. past export experience contributes to increase cur-
rent productivity and this may have a positive impact on the probability of exporting and/or importing.
Therefore, detection of indirect effects of exporting/importing requires checking whether importing in-
termediates and/or exporting has an effect on productivity in previous periods and then to check whether

24We assume that the demand of materials function is strictly monotonic in unobserved productivity to invert it.
25The non-parametric components implied in the estimation of the production function 7 using (Wooldridge, 2009) method

are proxied by third-degree polynomial in their arguments.
26The estimated industry-specific input elasticities and the shifter coefficients in production function 7 are shown in Table

5.
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this has an effect on the likelihood of exporting/importing intermediates in t.

As discussed previously, we hypothesize that importing intermediates may have both a static effect
and a dynamic effect on productivity. The static effect, captured by the shifter dmit in the production
function 7, implies that importing intermediates has an immediate/contemporaneous effect on productiv-
ity (i.e. importing intermediates in t−1 impacts firm’s productivity in t−1). The dynamic effect operates
through the endogenous Markov process that determines the evolution of productivity (see equation 8),
in which we allow past import experience to affect current productivity. Hence, we expect that firm’s
experience importing intermediates up to t− 2 will have a positive impact on productivity in t− 1.

Differently to what we hypothesize for imports of intermediate inputs, following (De Loecker, 2007,
2013) we do not expect exports to have a static effect on productivity. We assume that export experience
will affect productivity through the endogenous Markov process that determines the law of motion of
productivity (see equation 8). Thus, we expect firms’ export experience up to t − 2 to enhance firm’s
productivity in t− 1.

The estimate of βdm in the production function 7 provides information about the static effect of
importing intermediates on productivity. Our starting point to exploring the dynamic effects of import-
ing intermediates and exporting is the endogenous Markov process described in equation 8. Further,
if following (Aw et al., 2011) we specify linearly the conditional expectation in equation 8, we get the
following specification for the Markov process:

ω̂it−1 = λ0 + λ1ω̂it−2 + λ2dmit−2 + λ3dxit−2 + νs + eit−1 (10)

where dmit−2 and dxit−2 are firm’s decisions (or experience) to export and import up to t − 2, re-
spectively; and, eit−1 is an error term that allows for the potential existence of unobserved heterogeneity.
To account for the fact that in estimation we pool the TFPs estimated for all industries, we include in
equation 10 a set of industry dummies (νs). Additionally, we control for other factors that may affect the
evolution of productivity by including a vector of observed firm characteristics (Zit−2), and year effects
(νt) aimed to capture time effects that are common across industries. The vector Zit−2 includes firm’s
size, markups, the proportion of skilled labour, whether the firm performs R&D activities and the firm’s
demand evolution. Thus, our final estimation equation is:

ω̂it−1 = β0 + λ1ω̂it−2 + λ2dmit−2 + λ3dxit−2 + γZit−2 + νs + νt + eit−1 (11)

We assume that eit−1 has two components, a firm specific effect ai and a transitory component ζit, then
eit = ai+ ζit. In the estimation of equation 11, we control for correlated unobserved firm heterogeneity
using the approach suggested by (Blundell et al., 1999, 2002) and explained in section 4.1. In this partic-
ular case, this approach amounts to include as an additional regressor the pre-sample mean of ωit(ωi0).
We consider as pre-sample period the years 2007 to 2009.

We estimate two different specifications of 11. In the first specification, we proxy past export/import
decisions (or experience) using lagged export/import participation dummies (Xit−2 and Mit−2). In the
second specification, we use import/export age, measured by log(MAit−2 + 1) and log(EAit−2 + 1).
A positive sign of λ1 signals the existence of productivity persistence. Positive and significant estimates
of λ2 and λ3 should be interpreted as evidence of learning-by-importing and learning-by-exporting,
respectively. According to the terminology of (Kasahara and Rodrigue, 2008), λ2 captures the dynamic
effect arising from the usage of imported intermediate inputs.
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5. Estimation results.

Table 4 presents the estimation results of our dynamic bivariate probit model for the decisions to ex-
port and import intermediates (equation 5). Specification 1 shows the estimation results corresponding
to a model in which we do not allow either demand learning effects or import supply learning effects.
Specification 2 includes learning effects both in the export and import decisions equations. Both in spec-
ification 1 and 2, we use as proxies for the cross-direct effects of importing on exporting and exporting
on importing, the one-period lag of import status and export status, respectively. The only difference
between Specifications 2 and 3 is that in Specification 3 we proxy for these cross-direct effects using im-
port age and export age (instead of the dummy variables) in the export and import equations, respectively.

Table 4: Bivariate model estimations for export and import activities.

Specification 1 Specification 2 Specification 3
Export Import Export Import Export Import

Xit−1 2.149*** 0.228*** 1.440*** 0.218*** 1.427***
(0.035) (0.033) (0.055) (0.032) (0.055)

Mit−1 0.118*** 1.769*** 0.106*** 1.099*** 1.134***
(0.034) (0.034) (0.033) (0.053) (0.052)

log(EAit−1 + 1) 0.674*** 0.674*** 0.109***
(0.043) (0.043) (0.023)

log(MAit−1 + 1) 0.656*** 0.075*** 0.635***
(0.042) (0.025) (0.043)

Export Spilloverit−1 0.013*** 0.009*** 0.009***
(0.003) (0.001) (0.001)

Import Spilloverit−1 0.008*** 0.007*** 0.007***
(0.002) (0.001) (0.001)

ωit1 0.155*** 0.187*** 0.147*** 0.177*** 0.145*** 0.183***
(0.038) (0.039) (0.036) (0.038) (0.036) (0.038)

Markupit−1 -0.084** -0.164*** -0.079** -0.158*** -0.077** -0.158***
(0.037) (0.038) (0.036) (0.037) (0.036) (0.037)

Sizeit−1 0.108*** 0.082*** 0.095*** 0.072*** 0.096*** 0.077***
(0.013) (0.012) (0.012) (0.012) (0.012) (0.012)

Skill Labit−1 0.018 0.025*** 0.016 0.025*** 0.016 0.025***
(0.012) (0.009) (0.011) (0.009) (0.011) (0.009)

R&Dit−1 0.109*** 0.124*** 0.111*** 0.128*** 0.111*** 0.127***
(0.026) (0.024) (0.025) (0.024) (0.025) (0.024)

Positive growth salesit−1 -0.011 0.0149 0.002 0.029 0.0033 0.032
(0.021) (0.020) (0.021) (0.020) (0.021) (0.020)

Foreign capitalit−1 0.416*** 0.467*** 0.408*** 0.456*** 0.409*** 0.453***
(0.037) (0.034) (0.037) (0.034) (0.037) (0.034)

ỹExp
it−2 0.803*** 0.916*** 0.916***

(0.042) (0.042) (0.042)
ỹExp
it−3 0.531*** 0.648*** 0.647***

(0.056) (0.056) (0.056)
ỹExp
it−4 0.312*** 0.442*** 0.440***

(0.074) (0.074) (0.074)
ỹImp
it−2 0.709*** 0.827*** 0.827***

(0.039) (0.039) (0.039)
ỹImp
it−3 0.303*** 0.424*** 0.424***

(0.052) (0.052) (0.052)
ỹImp
it−4 0.092 0.219*** 0.215***

(0.069) (0.069) (0.070)
ỹExp
i0 0.751*** 0.102*** 0.525*** 0.088** 0.534*** 0.124***

(0.039) (0.038) (0.039) (0.036) (0.039) (0.038)
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ỹImp
i0 0.143*** 0.759*** 0.126*** 0.547*** 0.121*** 0.541***

(0.038) (0.038) (0.037) (0.038) (0.038) (0.038)
constant -3.401*** -2.852*** -3.106*** -2.730*** -3.099*** -2.748***

(0.133) (0.125) (0.114) (0.111) (0.113) (0.112)
Observations 44,464 44,464 44,464 44,464 44,464 44,464
ρ 0.500 (p-value = 0.000) 0.501 (p-value = 0.000) 0.499 (p-value = 0.000)
Log-pseudo likelihood -18650.451 -18406.356 18420.464

Notes: Industry, department and year dummies are included in all specifications. Robust standard errors
are in parentheses. ***, ** , * Indicate statistical significance at the 1%, 5% and 10% levels, respectively.

Before analysing our estimation results, it is worth to note that the positive and statistically significant esti-
mated correlation of the error terms of the two equations (ρ coefficients), in the three specifications considered
(see bottom of Table 4), confirms the simultaneity of firms’ exports and imports of intermediates decisions, and
that, therefore, the joint estimation of both equations is the right estimation strategy.

5.1. Own-direct effects of exporting and importing.

We devote this section to the discussion of the results on own-direct effects of exporting and importing, in turn.
Recall that the own-direct effect of exporting is composed of the export sunk costs effect and the demand learning
effect. Likewise, the own-direct effect of importing is the sum of the import sunk cost effect and the import supply
learning effect.

It is possible to observe, in the estimates corresponding to the export equation in Table 4, that regardless of
whether we proxy own-direct effects of exporting just using one-year lagged export participation (Specification 1)
or one-year lagged export participation plus export age (Specifications 2 and 3), own-direct effects of exporting
are positive and statistically significant, i.e. past export experience has a direct positive effect on the probability
of exporting. However, it is important to note that not including export age in the estimation leads to an overes-
timation of the real sunk cost effect. Comparison of the estimate corresponding to Specification 1 (2.149) with
those corresponding to Specifications 2 and 3 (1.440 and 1.427, respectively) reveals that including export age (to
capture demand learning effects) results in approximately a 33% reduction in the estimated sunk costs parameters.
Further, the positive and significant estimate of the export age variable suggest that demand learning effects have
a positive impact on the likelihood of exporting (these estimates are 0.674 in Specifications 2 and 3).

We can use the estimates corresponding to Specification 2 to show the decomposition of the total effect of one-
year export experience (own-direct effect of exporting). Thus, the increase in the firm’s latent utility of exporting in
period t from one year export experience can be calculated as γX

1 +γX
2 ln(EAit−1+1) = 1.440+0.674 x ln(2) =

1.907. Therefore, 75.5% of the one-year own-direct effect of exporting corresponds to export sunk costs and the
remaining can be attributed to learning. (Timoshenko, 2015a), also for Colombia, attributes a larger weight to the
learning effect (52.68% of the total own-direct effect of one-year export experience).27 Nevertheless, it should be
considered that (Timoshenko, 2015a) considers an exogenous Markov process for the law of motion of productiv-
ity that precludes the existence of own-indirect effects of exporting and that very likely results in an overestimation
of the learning component of the own-direct effect of exporting.

As for the own-direct effects of importing, we can observe in the estimates for the imports equation in Table
4 that in all specifications the variables used to capture owndirect effects of importing are positive and statistically
significant (Mit in Specification 1; and Mit and log(MAit−1) in Specifications 2 and 3) suggesting that import
experience is a relevant determinant of the probability of importing. As it happens in the export decision equa-
tion, comparison of the sunk costs coefficient of Specification 1 with those of Specifications 2 and 3 suggests that
not considering the possibility of import supply learning effects (i.e. not including log(MAit−1) in estimation)
leads to an overestimation of the real import sunk costs. When considering the learning effect, the estimate of
the sunk costs effect experiments a reduction of almost 40% (from 1.769 in Specification 1 to 1.099 and 1.134

27See column 4 of Table 5 in (Timoshenko, 2015a).
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in Specifications 2 and 3, respectively). Using specification 2, the increase in the firm’s latent utility of one-year
experience can be calculated as γM

1 + γM
2 ln(MAit−1 + 1) = 1.099 + 0.656 x ln(2) = 1.553. Thus, 71% of

the total own-direct effect of importing corresponds to import sunk costs and the remaining 29% to import supply
learning. Therefore, our estimations suggest that the weight of the learning component of the own-direct effect of
importing is larger than that of the own-direct effect of exporting, i.e. the scope for import supply learning seems
to be higher than that of export demand learning.

The high export and import of intermediates persistence implied by the own-direct effects of exporting and
importing is reinforced by the positive and highly statistically significant effects of the pre-sample means of the
export (yExp

i0 ) and import decisions (yImp
i0 ) (capturing their permanent effect through the firms’ individual effects)

in the export and import equations, respectively.

At this point it is interesting analysing the pattern of depreciation of export and import experience. The es-
timates for the variables ỹExp

it−2, ỹ
Exp
it−3 and ỹExp

it−4 in the exports equation capture the reduction in the starting-up
export sunk costs for a firm that last exported 2, 3 or 4 years ago, respectively (in comparison to the starting-up
sunk costs that must face a firm that has never exported before). Analogously, the estimates for the variables
ỹImp
it−2, ỹ

Imp
it−3 and ỹImp

it−4 in the imports equation measure the reduction in starting-up import sunk costs for firms
that last imported 2, 3 or 4 years ago, as compared to the starting-up import sunk costs that must incur a firm
that has never imported before. The estimates corresponding to the variables capturing the depreciation of export
experience show in all specifications a decreasing pattern, suggesting that the reduction in the starting-up export
sunk costs is inversely related to the number of years since last the firm exported (thus, for example, in Specifica-
tion 3, the estimates for ỹExp

it−2, ỹ
Exp
it−3 and ỹExp

it−4 are 0.916, 0.647 and 0.440, respectively).

As for the pattern of depreciation of import experience, firms that last imported two, three or four years ago
enjoy an import sunk cost reduction if they restart importing, that is decreasing with the number of years without
importing (in Specification 3, for example, the estimates for ỹImp

it−2, ỹ
Imp
it−3 and ỹImp

it−4 are 0.827, 0.424 and 0.215,
respectively).

5.2. Cross-direct effects of exporting and importing.

Next, we explore the cross-direct effects of firms’ importing experience on export participation and firms’ export-
ing experience on import participation.

Estimation results of the different specifications of the export equation in Table 4 suggest the existence of a
cross-direct effect of import experience on the likelihood of exporting. Whereas in Specifications 1 and 2, we
proxy past import experience using one-period lagged import participation (Mit−1), in specification 3 we use the
log of import age (log(MAit−1+1)), with the aim of capturing possible learning effects associated to continuous
importing. Our estimates for the export equation in Specifications 1 and 2 suggest that firms that imported in
t − l are more likely to export in period t (the estimate for the variable Mit−1 is in both specifications positive
and statistically significant, 0.118 and 0.106, respectively). Estimates for Specification 3 of the export equation
suggest that firms with more import experience (higher import age) are also more likely to export in period t (the
estimate of log(MAit−1 + 1) is 0.075). Therefore, as in (Mañez et al., 2020b) for Spanish manufacturing, our
estimates suggest the existence of a process of learning-by- importing in terms of the probability of exporting. As
sketched in section 2, there are two possible channels that explain this process: the price channel and the quality
channel. As for the price channel, if importing allows firms accessing to lower price intermediates and this is at
least partially translated to prices, the result would be that firms improve their competitiveness in international
markets. With respect to the quality channel, if importing firms access higher quality inputs, it may contribute to
upgrade firm’s product quality fostering international competitiveness.

We find that past export experience has a positive cross-direct effect on the likelihood of importing, regardless
the proxy variable we use for export experience in the imports equation. In Specifications 1 and 2, where we
use as proxy for export experience one-period lagged export participation (Xit−1), the estimated coefficients of
this variable in the import decision equation are positive and statistically significant (0.228 and 0.218 in Specifi-
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cation 1 and 2, respectively). Also, in Specification 3, where we proxy past export experience using export age
(ln(EAit−1 + 1), the estimate of the past export experience variable is positive and significant (0.109). Thus,
our estimation results suggest the existence of a process of learning-by-exporting in terms of the probability of
importing. As already put forward in section 2, the positive direct effect of past export experience on the like-
lihood of importing may arise from various channels: i) benefiting from knowledge about international market
characteristics gained through exporting; ii) if international markets are more competitive, exporting firms may be
forced to seek lower price intermediates in international markets; and, iii) if international markets demand higher
quality products, a possibility to upgrade product quality may be importing higher quality inputs.

Furthermore, the cross-direct effect of exporting on the likelihood of importing and vice versa are reinforced
by the positive and highly significant effects of the presample means of the export decisions (yExp

i0 ) and import
decisions (yImp

i0 ) in the imports and exports equations, respectively.

As regards the spillover effects, we find that both the estimate of the export spillover variable in the export
participation equation and the import spillover variable in the import participation equation are positive and sig-
nificant. Therefore, our results suggest that the geographical proximity to other exporting (importing) firms exerts
a positive and significant effect on the probability of exporting (importing), as agglomeration economies can help
firms to overcome start-up costs and engage in trade. This evidence for exports is in line with (Aitken et al., 1997)
and (Cardoso-Vargas, 2017, 2019) for Mexico, (Koenig et al., 2010) for France, and (Fernandez and Tang, 2014)
and (Mayneris and Poncet, 2015) for China. Further, the evidence for imports confirms previous results by (Bekes
and Harasztosi, 2020) for Hungary. The estimates for the rest of the variables in the vector of control variables
are robust to the different specifications of equation 5 considered, and quite similar in the exports and imports
equations. Thus, larger firms, firms performing R&D and firms whose capital is foreign participated are more
likely to both import and export.28 Further, firms with a higher percentage of skilled workers are more likely to
import intermediates. However, firms with higher markups are less likely to export and import.

5.3. Indirect effects of exporting and importing.

As explained above, we consider as indirect effects of exporting on importing and vice versa those that happen
through enhanced productivity, e.g. past export experience contributes to increase current productivity and this
has a positive impact on the future probability of importing. Therefore, detection of an indirect effect of exporting
(importing) requires, first, to test whether exporting and/or importing have a positive effect on productivity, ωit−1;
and, second, whether ωit−1 has a positive impact on the probability of exporting (importing) in t.

We start analysing whether importing intermediates has an impact on productivity. As explained in section
4.3, we consider that importing may have both a static effect on productivity (captured by the impact of using
imported inputs in t−1 on ωit−1) and a dynamic effect (captured by the impact of import experience accumulated
up to t − 2 on ωit−1). The static effect is given by the estimate of the industry shifter (βdm) in the production
function 7. As reported in Table 5, β̂dm is positive and significant for all industries except for the industry “Wood
and products of wood and cork (20)”. Furthermore, the static effect of the usage of imported intermediates on
productivity is sizeable as it ranges from 7.5% to 25.9%, with a mean (median) effect of 16.2% (14.8%).29

Table 5: Total factor productivity estimation: input elasticities and shifter coefficients.

Industry βl βm βk βdm Mean TFP
15 0.213*** 0.769*** 0.050*** 0.105*** 2.607

(0.004) (0.006) (0.005) (0.011)

28Evidence for the positive impact of foreign participated firms can be found in (Manova and Zhang, 2009) and (Boddin
et al., 2017)

29Our estimates of the static effect of importing intermediates do not differ much from (Kasahara and Rodrigue, 2008)
results using a sample of Chilean plants. They estimate a static effect of the usage of imported intermediates of about 22%
when assuming an endogenous Markov process for the law of motion of productivity, in which past import experience is
allowed to affect current productivity.
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17 0.306*** 0.607*** 0.049*** 0.075*** 4.314
(0.004) (0.008) (0.008) (0.014)

19 0.251*** 0.743*** 0.030*** 0.075** 2.777
(0.008) (0.013) (0.011) (0.030)

20 0.204*** 0.728*** 0.082*** 0.058 3.120
(0.017) (0.016) (0.014) (0.047)

21 0.115*** 0.779*** 0.082*** 0.158*** 2.773
(0.010) (0.018) (0.015) (0.030)

22 0.307*** 0.541*** 0.128*** 0.116*** 4.857
(0.010) (0.012) (0.013) (0.027)

23 0.050*** 0.901*** 0.059*** 0.152*** 1.411
(0.017) (0.024) (0.019) (0.041)

24 0.263*** 0.718*** 0.057*** 0.259*** 3.246
(0.006) (0.012) (0.012) (0.017)

25 0.241*** 0.729*** 0.050*** 0.189*** 3.023
(0.005) (0.01) (0.009) (0.012)

26 0.204*** 0.769*** 0.099*** 0.143*** 2.520
(0.009) (0.01) (0.009) (0.021)

27 0.295*** 0.759*** 0.038** 0.145*** 2.502
(0.017) (0.014) (0.015) (0.038)

28 0.276*** 0.642*** 0.072*** 0.250*** 3.999
(0.008) (0.01) (0.01) (0.019)

29 0.372*** 0.615*** 0.046*** 0.227*** 4.085
(0.01) (0.013) (0.011) (0.023)

31 0.187*** 0.761*** 0.061*** 0.121*** 2.852
(0.020) (0.019) (0.013) (0.031)

33 0.453*** 0.508*** 0.071*** 0.250*** 5.138
(0.028) (0.037) (0.036) (0.055)

34 0.234*** 0.718*** 0.069*** 0.245*** 3.081
(0.012) (0.015) (0.015) (0.029)

35 0.128*** 0.769*** 0.045** 0.240*** 3.153
(0.026) (0.034) (0.026) (0.070)

36 0.216*** 0.700*** 0.059*** 0.111*** 3.453
(0.007) (0.01) (0.009) (0.018)

Notes: Robust standard errors are in parenthesis. ***, **, * indicate statistical significance at the 1%,
5%, and 10% levels, respectively. See industry classification in Table A1 in the Appendix.

Exploring the dynamic effect of importing experience (associated to LBI) on productivity requires to check
the sign and statistical significance of the coefficient associated to import experience (λ2) in equation 11. The
results of the estimation of equation 11, displayed in Table 6, show that regardless of whether we proxy past im-
port experience using whether firms imported or not in t − 2 (Specification 1) or firms’ import age up to t − 2
(Specification 2), the estimate for λ2 is positive and significant, i.e. import experience up to t − 2 has a positive
impact on ωit−1. This should be interpreted as evidence in favour of a process of LBI or, using (Kasahara and
Rodrigue, 2008) terminology, of a dynamic effect of importing intermediates on productivity.

As for the possible effect of exporting on productivity, we expect it to be associated to a dynamic learning-by-
exporting process, that would be captured by the estimated coefficient for the exporting experience variable (λ3)
in equation 11. Estimates of equation 11 (see Table 6) show that regardless of whether we proxy export experience
using an export status dummy in t− 2 (Specification 1) or export age up to t− 2 (Specification 2), λ3 is positive
and significant suggesting the existence of a process of LBE in terms of productivity.30

30With respect to the estimates of the rest of the variables in equation 11: first, the estimated coefficient for ωit−2 is
positive and statistically significant suggesting a high degree of persistence in the evolution of productivity over time; second,
we find that larger firms, those with higher markups, higher proportion of skilled labour, involved in R&D activities and facing
an expansive demand enjoy a higher productivity; and, third, the productivity persistence suggested by the positive estimate
for lagged productivity is reinforced by the positive and highly significant effect of the productivity pre-sample mean (ωi0),
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Table 6: Total factor productivity on Export and Import experience.

Specification 1 Specification 2
ωit−2 0.310*** 0.311***

(0.005) (0.005)
Xit−2 0.022***

(0.004)
Mit−2 0.011***

(0.004)
logEAit−2 + 1) 0.019***

(0.003)
log(MAit−2 + 1) 0.004*

(0.002)
log(Markupit−2 0.189*** 0.188***

(0.005) (0.005)
log(Size)it−2 0.004*** 0.004***

(0.001) (0.001)
Skill Labit−2 0.004*** 0.004***

(0.001) (0.002)
R&Dit−2 0.007** 0.007**

(0.003) (0.003)
Positive growth salesit−2 0.018*** 0.017***

(0.002) (0.002)
ωi0 0.073*** 0.073***

(0.004) (0.004)
Constant 1.499*** 1.495***

(0.014) (0.014)
Observations 44,578 43,578
R2 0.909 0.909

Notes: Industry and year dummies are included in all specifications. Robust standard errors are in
parenthesis. ***, **, * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

As put forward above, once we have found evidence of a positive effect of both past exporting and importing
intermediates on productivity, the empirical confirmation of export and import indirect effects requires to check
whether ωit−1 has a positive effect on the probability of exporting and importing in t. This implies to check
the sign and the statistical significance of ωit−1 in equation 5. Both in the exports and imports equations the
estimated coefficient for ωit−1 is positive and statistically significant and quite similar in size across the different
specifications, about 0.15 in the exports equation and 0.18 in the imports equations (these estimates are reported in
Table 4). However, the fact that both export and import experience have a positive effect on productivity precludes
the separated identification of the own-indirect effect of exporting and the cross-indirect effect of importing on
exporting, on the one hand; and, of the own-indirect effect of importing and the cross-indirect effect of exporting
on importing, on the other hand.

Positive and significant estimates for λ3 in equation 11 and γX
4 in equation 5, suggest the existence of a posi-

tive own-indirect effect of exporting. Analogously, positive and significant estimates for λ2 and γX
4 are evidence

in favour of a positive cross-indirect effect of importing on exporting. Nevertheless, the fact that both past export
and import experience enhance current productivity prevents the separate identification of each effect.

Likewise, positive and significant estimates for λ2 in equation 11 and γM
4 in equation 5 should be interpreted

as evidence of a positive own-indirect effect of importing; and, positive and significant estimates of λ3 and γM
4

suggest that cross-indirect effects of exporting on importing are in operation. Again, the problem is that given that
both past import and export experience positively impact on productivity, we cannot identify each effect separately.

capturing its permanent effect through the firm’s individual effect.
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All in all, although we cannot identify some of the indirect effects separately, our results suggest the existence
of both own- and cross-indirect effects of both exporting and importing experience. These effects are linked,
on the one hand, to the productivity enhancing effects associated to using imported intermediates (static effects
and learning-by-importing) and exporting (learning-by-exporting); and, on the other hand, to a process of self-
selection/continuation of the more productive firms into exporting and importing intermediates.

6. Robustness exercises

In this section we carry out two robustness exercises. The first exercise is addressed to identify whether some
firm characteristics may impact how importing intermediates affects the probability of exporting. In other words,
we aim to identify for which type of firms the cross-direct effect of importing on the probability of exporting is
higher. The second robustness exercise is targeted to explore whether the cross-direct effect of importing on the
probability of exporting differs for firms operating in different technological intensity industries.

More specifically, in our first robustness exercise we investigate if the size of the firm, the qualification
of its labour force and whether the firm performs R&D or not have any differential impact on the size of the
cross-direct effect of importing intermediates on the probability exporting. Recall that the cross-direct effect of
importing measures the effect of past import experience on the probability of exporting. Thus, we widen Spec-
ifications 1 and 2 of the export equation of our dynamic bivariate probit model (equation 5) with interactions of
Mit−1 with Sizeit−1, SkillLabit−1 and R&Dit−1. Analogously, we enlarge Specification 3 with interactions of
log(MAit−1 + 1) with Sizeit−1, SkillLabit−1 and R&Dit−1.31 These results are reported in Table 7.

As it is possible to observe in Table 7, when introducing the interactions terms, the estimates of Mit−1 in
Specifications 1 and 2 are still positive and significant (0.395 and 0.408, respectively). Likewise, the estimate of
log(MAit−1 + 1) in Specification 3 is also positive and significant (0.278). These results confirm the existence
of a positive cross-direct effect of importing on the probability of exporting. Next, we analyse how size, labour
qualification and undertaking R&D impact these effects.

Table 7: Bivariate model estimations for export and import activities. Robustness 1.

Specification 1 Specification 2 Specification 3
Export Import Export Import Export Import

Xit−1 2.151*** 0.227*** 1.437*** 0.217*** 1.415***
(0.034) (0.033) (0.0550) (0.032) (0.055)

Mit−1 0.395*** 1.77*** 0.408*** 1.104*** 1.140***
(0.097) (0.034) (0.0938) (0.052) (0.052)

log(EAit−1 + 1) 0.679*** 0.684*** 0.109***
(0.0425) (0.044) (0.023)

log(MAit−1 + 1) 0.653*** 0.278*** 0.632***
(0.042) (0.070) (0.043)

Export Spilloverit−1 0.013*** 0.00878*** 0.009***
(0.003) (0.00141) (0.001)

Import Spilloverit−1 0.008*** 0.007*** 0.007***
(0.002) (0.001) (0.002)

ωit1 0.156*** 0.187*** 0.148*** 0.177*** 0.147*** 0.183***
(0.038) (0.039) (0.0363) (0.038) (0.036) (0.038)

Markupit−1 -0.086** -0.164*** -0.0805** -0.158*** -0.079** -0.158***
(0.037) (0.038) (0.0359) (0.037) (0.036) (0.037)

Sizeit−1 0.130*** 0.081*** 0.118*** 0.071*** 0.113*** 0.076***
(0.014) (0.012) (0.014) (0.012) (0.013) (0.012)

Mit−1 x Sizeit−1 -0.072*** -0.078***

31Recall that in Specifications 1 and 2 we proxy past export experience using one period lagged import participation, and
in Specification 3 we use the log of import age.
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(0.022) (0.021)
log(MAit−1 + 1)
x Sizeit−1

-0.051***

(0.015)
Skill Labit−1 0.017 0.025*** 0.016 0.024*** 0.018 0.025***

(0.012) (0.009) (0.012) (0.009) (0.012) (0.009)
Mit−1 x Skill Labit−1 0.010 -0.002

(0.067) (0.043)
log(MAit−1 + 1)
x Skill Labit−1

-0.010

(0.013)
R&Dit−1 0.088*** 0.125*** 0.089*** 0.129*** 0.096*** 0.127***

(0.031) (0.024) (0.030) (0.024) (0.026) (0.024)
Mit−1 x R&Dit−1 0.064 0.069

(0.051) (0.051)
log(MAit−1 + 1)
x R&Dit−1

0.070**

(0.033)
Positive growth salesit−1 -0.011 0.015 0.001 0.0291 0.002 0.032

(0.021) (0.019) (0.021) (0.020) (0.021) (0.020)
Foreign capitalit−1 0.425*** 0.468*** 0.419*** 0.458*** 0.415*** 0.455****

(0.037) (0.034) (0.037) (0.034) (0.037) (0.034)
ỹExp
it−2 0.799*** 0.912*** 0.913***

(0.043) (0.042) (0.042)
ỹExp
it−3 0.527*** 0.645*** 0.645***

(0.056) (0.056) (0.056)
ỹExp
it−4 0.307*** 0.438*** 0.438***

(0.074) (0.074) (0.074)
ỹImp
it−2 0.712*** 0.830*** 0.828***

(0.039) (0.039) (0.039)
ỹImp
it−3 0.306*** 0.426*** 0.426***

(0.052) (0.052) (0.052)
ỹImp
it−4 0.095 0.222*** 0.217***

(0.069) (0.069) (0.069)
ỹExp
i0 0.751*** 0.103*** 0.524*** 0.089** 0.534*** 0.124***

(0.039) (0.038) (0.039) (0.036) (0.039) (0.038)
ỹImp
i0 0.142*** 0.758*** 0.126*** 0.547*** 0.114*** 0.540***

(0.038) (0.038) (0.037) (0.038) (0.038) (0.038)
Constant -3.478*** -2.847*** -3.190*** -2.727*** -3.164*** -2.746***

(0.135) (0.125) (0.116) (0.111) (0.115) (0.111)
Observations 44,464 44,464 44,464 44,464 44,464 44,464
ρ 0.500 (p-value = 0.000) 0.501 (p-value = 0.000) 0.499 (p-value = 0.000)
Log-pseudo likelihood -18650.451 -18406.356 18420.464

Notes: Industry and year dummies are included in all specifications. Robust standard errors are in
parenthesis. ***, **, * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

We start analysing the effect of firm size. Both the estimates of the interaction term Mit−1 x Sizeit−1 in
Specifications 1 and 2 and the interaction term log(MAit−1 + 1) x Sizeit−1 in Specification 3 are negative and
significant. This negative sign indicates that, regardless of whether we proxy past import experience using one-
period lagged import participation (Specifications 1 and 2) or the log of import age (Specification 3), the effect
of past experience importing intermediate inputs on the probability of exporting is inversely related to firm size.
Therefore, our results suggest that the possibility of using lower price and/or higher quality imported inputs and
profiting from the experience about international markets acquired importing intermediates, has a higher impact
on the probability of exporting for SMEs than for large firms. Using the terminology of the paper, our estimates
indicate that the cross direct effect of importing on the probability of exporting is inversely related to firm size.
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As for the impact of labour qualification on the cross-direct effect of importing, neither the estimates of
the interaction term Mit−1 x SkillLabit−1 in Specifications 1 and 2, nor the estimate of the interaction term
log(MAit−1 + 1) x SkillLabit−1 in Specification 3, are statistically significant. These results should be inter-
preted as evidence neglecting a potential complementarity between the imports of intermediate inputs and firms’
labour qualification.

Finally, we analyse the impact of whether the firm undertakes or not R&D activities, on the cross-direct effect
of importing on the probability of exporting. Whereas the estimates of the interaction term Mit−1 x R&Dit−1 in
Specifications 1 and 2 are not significant, the estimate of the interaction term log(MAit−1 + 1) x R&Dit−1 in
Specification 3 is positive and significant. These results suggest that firms R&D activities and importing inter-
mediates only become complements (in terms of the probability of exporting) when firms import intermediates
continuously (as measured by the log of import age). Sporadic imports of intermediate inputs (that are captured
by whether or not the firm imports intermediates in the previous period) do not seem to have an effect in the cross-
direct effect of importing. A possible interpretation is that to learn how to profit from the technology embedded
in the import of intermediate inputs, firms must import continuously, and in these situations performing R&D
ease/accelerates this learning process. This would result in more efficient production processes and/or improved
products that would make easier for firms to export.

In the second robustness exercise, we study whether the cross-direct effect of importing intermediates changes
across the technology intensity regime in which the firm operates (i.e., in industries that use low, med-low or
med-high technology to manufacture their products).32 Our initial hypothesis is that firms operating in high tech-
nological intensity industries are more likely to produce and export differentiated products. Further, producing
differentiated products is intrinsically linked to product quality enhancing processes; and, importing high quality
intermediate inputs may become crucial in these processes of product quality upgrading. Therefore, we expect
the cross-direct effect of importing on the probability exporting to be higher for firms operating in the med-high
technological sector.

To test this hypothesis, we widen Specifications 1 and 2 of the export equation 5 with interactions of Mit−1

and the technological intensity sector in which the firm operates (Low,Med − Low and Med − High). Anal-
ogously, we enlarge Specification 3 with interactions of log(MAit−1 + 1) and the technological intensity sector
dummies (Low,Med− Low and Med−High).

The results for this exercise are reported in Table 8, where for the sake of brevity we just report the esti-
mates for the variables of interest (the export and import variables and the interactions with the technological
intensity sector dummies).33 The estimates for the interaction terms Mit−1 x Low,Mit−1 x Med − Low and
Mit−1 x Med−High, in Specifications 1 and 2, and the interaction terms log(MAit−1+1) x Low), log(MAit−1+
1) x Med−Low) and log(MAit−1+1) x Med−High), in Specification 3, are all positive and highly significant
(except for the Med− Low sector, for which the statistical significance is at the 15% level).

In specifications 1 and 2, where we proxy the cross-direct effect of importing using one-year lagged import
participation, the cross direct effect of importing is larger for firms operating in the med-high technological in-
tensity sector than for firms operating in the Low and Med − low technological intensity sectors. This could be
considered as evidence in favour of our initial hypothesis. Nevertheless, these results do not hold in Specification
3 where we use import age to proxy the cross-direct effect of importing. In this case, the cross-direct effect of
importing is similar for Low and Med− high technological sectors and, for both, higher than in the Med− low
sector. Therefore, the estimation results in Specification 3 do not support our starting hypothesis.

All in all, our results confirm the heterogeneity of the cross-direct impact of importing across technological
sectors. However, our results are not robust across the variable used to proxy for past export experience: we only
confirm that the cross-direct effect of importing on the probability of exporting is larger for the Med − high
technological sector when using the one-year lagged import decision to proxy for import experience.

32See Table A2 in the Appendix for the industry classification into technological sectors.
33In these specifications the results for the rest of variables are quite similar to those reported in 7. These results are

available from the authors upon request.
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Table 8: Sunk costs and learning effects by technological intensity sector. Robustness 2.

Specification 1 Specification 2 Specification 3
Export Import Export Import Export Import

Xit−1 2.125*** 0.219*** 1.418*** 0.208*** 1.411***
(0.034) (0.033) (0.055) (0.032) (0.054)

Mit−1 1.764*** 1.109*** 1.122***
(0.034) (0.052) (0.052)

Mit−1 x Low 0.142*** 0.129***
(0.042) (0.042)

Mit−1 x Med− Low 0.088* 0.073*
(0.052) (0.051)

Mit−1 x Med−High 0.176*** 0.168***
(0.052) (0.051)

log(EAit−1 + 1) 0.672*** 0.669*** 0.106***
(0.0422) (0.043) (0.023)

log(MAit−1 + 1) 0.658*** 0.641***
(0.041) (0.042)

log(MAit−1 + 1) X Low 0.113***
(0.031)

log(MAit−1 + 1) X Med −
Low

0.054

(0.0250)
log(MAit−1 + 1) X Med −
High

0.092***

(0.038)
Observations 44,449 44,449 44,449
ρ 0.573 (p. value = 0.000) 0.574 (p. value = 0.000) 0.570 (p. value = 0.000)
Log-pseudo likelihood -18819.174 -18566.306 -18579.507

Notes: Industry and year dummies are included in all specifications. Robust standard errors are in
parenthesis. ***, **, * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

7. Concluding remarks.

In this paper we have analysed in depth the dynamic links between exports and imports of intermediate inputs
decisions. We have analysed not only the direct links between exports and imports of intermediates, but also
the possible indirect links channelled through enhanced productivity resulting from firms exports and imports of
intermediates experience. Furthermore, we have been able to identify and quantify the importance of sunk costs
and learning as determinants of firms’ (exporting and importing of intermediates) persistence.

Our estimation results confirm both the direct and indirect links between exporting and importing. Past ex-
porting (importing intermediates) has a positive direct impact on the current likelihood of importing (exporting).
Further, experience in both trading activities contributes to enhance productivity (this is evidence supporting LBI
and LBE), and current productivity has a positive impact on the future likelihood of both exporting and importing.
Therefore, as stated above, we find evidence not only of direct effects of exporting (importing) experience on
importing intermediates (exporting) decisions but also evidence on indirect effects through increased productivity.

Our estimates also shed light on the quantification of the relative importance of sunk costs and learning on ex-
porting and importing intermediates persistence. Both sunk costs and learning are relevant determinants of exports
and imports persistence, but our estimates suggest a higher weight for learning in the case of imports of interme-
diates than in the case of exports. Furthermore, considering an endogenous Markov process in the estimation of
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total factor productivity (differently to (Timoshenko, 2015b)) allows us to distinguish between the well-known
LBI and LBE processes in terms of productivity, and the demand learning linked to export experience and the
import supply learning related to imports of intermediates experience.

Further, our results also uncover that the geographical proximity to other exporting (importing) firms ex-
erts a positive and significant effect on the probability of exporting (importing), suggesting that agglomeration
economies might help firms to overcome start-up costs and engage in trade strategies.

These results turn out to be highly relevant in the design of economic policies for an emerging country such
as Colombia. First, our results uncover that both exporting and importing intermediates contribute to increase pro-
ductivity, thus, economic policies should be addressed to ease firms’ export participation and avoid protectionist
measures that difficult the imports of intermediate materials. Very likely, a country like Colombia will profit from
the imports of high-quality intermediate materials that incorporate foreign technology. Further, our results show
that importing intermediates fosters export participation and therefore these inputs might be a crucial element in
firms’ competitiveness.

Moreover, our results show that both exporting and importing intermediates are selffuelled activities (as the
probability to continue undertaking them increases with the years of experience accumulated in these activities).
And, geographical proximity to other exporting (importing) firms has a positive impact on the decisions to export
(import). These results are especially relevant in the case of exporting, as to maintain a base of firms continuing
exporting, an emerging country like Colombia should launch economic programmes aimed not only to ease the
access of firms to sell in international markets but also help firms to continue exporting during some initial years.
After these initial years, the probability of continuing exporting increases considerably.
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Blundell, R., R. Griffith, and J. Van Reenen (1999), “Market share, market value and innovation in a panel of
british manufacturing firms.” The Review of Economic Studies, 66 (3), 529–54.

Blundell, R., R. Griffith, and F. Windmeijer (2002), “Individual effects and dynamics in count data models.”
Journal of Econometrics, 108 (1), 113–31.

Boddin, D., H. Raff, and N. Trofimenko (2017), “Foreign ownership and propensities to export and import of firms
from developing countries.” The Worldwide Economy, 40 (12), 2543–2563.

Bustos, P. (2011), “Trade liberalization, exports, and technology upgrading: Evidence on the impact of mercosur
on argentinian firms.” American Economic Review, 101 (1), 304–40.

Campa, J. M. (2004), “Exchange rates and trade: How important is hysteresis in trade?” European Economic
Review, 48 (3), 527–48.

Cardoso-Vargas, C.E. (2017), “Does the type of neighbor matter? heterogeneous export spillovers on domestic
companies in mexico.” Economic Studies, 32(2), 255–292.

Cardoso-Vargas, C.E. (2019), “Distance to core and selection of export productsdestinations.” Revue d’Economie
Regionale Urbaine, 2, 389–419.

Castellani, D., F. Serti, and C. Tomasi (2010), “Firms in international trade: Importers’ and exporters’ heterogene-
ity in italian manufacturing industry.” World Economy, 33 (3), 424–57.

Chamberlain, G. (1982), “Multivariate regression models for panel data.” Journal of Econometrics, 18 (1), 5–46.

Damijan, J. P. and C. Kostevc (2015), “Learning from trade through innovation.” Oxford Bulletin of Economics
and Statistics, 77 (3), 408–36.

De Loecker, J. (2007), “Do exports generate higher productivity? evidence from slovenia.” Journal of Interna-
tional Economics, 73 (1), 69–98.

De Loecker, J. (2013), “Detecting learning by exporting.” American Economic Journal: Microeconomics, 5 (3),
1–21.

De Loecker, J. and F. Warzynski (2012), “Markups and firm-level export status.” American Economic Review, 102
(6), 2437–71.

Duranton, G. and D. Puga (2004), “Micro fundamentals of the economies of agglomeration of cities.” In Handbook
of regional and urban economics, chapter 48. (J.V. Henderson and J.F. Thisse, eds.), Vol 4, pp. 2063–2117,
Elsevier, Amsterdam.

Elliott, R.J., N. J. Horsewood, and L.Y. Zhang (2019), “Importing exporters and exporting importers: A study
of the decision of chinese firms to engage in international trade.” Review of International Economics, 27 (1),
240–66.

Feng, L., A. Li, and D. L. Swenson (2016), “The connection between imported intermediate inputs and exports:
Evidence from chinese firms.” Journal of International Economics, 101, 86–101.

Fernandes, A.M and C. Paunov (2013), “Does trade stimulate product quality upgrading?” Canadian Journal of
Economics/Revue Canadienne d’économique, 46 (4), 1232–64.
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A. Appendix

Table A1: Variables definition.

Variables Definition
Xit Dummy variable that takes value 1 if the firm exports in period t, and 0

otherwise
Mit Dummy variable that takes value 1 if the firm import intermediate inputs

in period t, and 0 otherwise
log(EAit−1 + 1) Log of export age (number of continuous years exporting) up to t− 1.
log(MAit−1 + 1) Log of import age (number of continuous years importing) up to t− 1.
XExpit−1 Firm’s export experience up to t− 1.
MExpit−1 Firm’s import experience up to t− 1.
ωit Logarithm of firm’s total factor productivity in period t.
log(Markup)it Markups have been calculated using (De Loecker, 2013) procedure as

the ratio of the estimated output elasticity of labour over the revenue
share of labour input costs

Sizeit Logarithm of the number of employees in period t.
Skill Labit−1 Proportion of high skilled workers in total firm’s labour force in period

t.)
R&Dit−1 Dummy variable that takes value 1 if the firm performs R&D in period

t− 1, and 0 otherwise.
Positive growth salesit Dummy variable that takes value 1 if the firms shows positive growth

sales in period t, and 0 otherwise.
Foreign capitalit Dummy variable that takes value 1 if the capital of the firm has foreign

participation in period t, and 0 otherwise.
Export Spilloverit Percentage of firms that export in period t, in Colombian department d

and technological intensity sector s, excluding the own firm.
Import Spilloverit Percentage of firms that import in period t, in Colombian department d

and technological intensity sector s, excluding the own firm.
ỹExp
it−j Dummy variable that takes value 1 if the last year. the firm exported was

in year t− j (for j = 2, 3 and 4), and 0 otherwise.
ỹImp
it−j Dummy variable that takes value 1 if the last year. the firm imported

was in year t− j (for j = 2, 3 and 4), and 0 otherwise.
ỹExp
i0 Pre-sample mean of the export decision variable.
ỹImp
i0 Pre-sample mean of the import decision variable.
wi0 Pre-sample mean of the log of total factor productivity.
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Table A2: Industry classification per technological sector

Low-tech industries
15 Food, beverages and tobacco
17 Textiles and wearing apparel
19 Tanning and leather
20 Wood and products of wood and cork
21 Paper and paper products
22 Publishing, printing and reproduction recorded media
36 Manufacture of furniture; manufacturing n.e.c.

Med/low tech industries
23 Coke and refined petroleum products
25 Rubber and plastic products
26 Non-metallic mineral products
27 Basic metals
28 Fabricated metal products except machinery and equipment
35 Other transport equipment

Med/high tech industries
24 Chemical and chemical products
29 Machinery and equipment n.e.c.
31 Machinery and electrical machinery and apparatus
33 Medical, precision and optical instruments, watches and clocks
34 Motor vehicles, trailers and semi-trailers
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