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1 Introduction

The relationship between plants’ exporting activity and their productivity performance has been the

focus of recent empirical and theoretical trade literature.3 Empirical studies of trade liberalization

episodes and periods with rapidly falling trade costs4 reveal that reductions in the costs of trade

lead to higher aggregate, industry-level productivity — the efficiency with which industry’s output

is produced — but little if any of this growth comes from plant-level efficiency gains related to

exporting activity. Instead, the link between the reduction in the costs of trade and aggregate

productivity growth lies in the correlation between plants’ characteristics and plants’ responses to

trade liberalization.5 In industries with heterogeneous plants and fixed costs of exporting, exporters

are selected among the plants with highest productivity. Reductions in trade costs force least

productive plants to exit the market, increase the number of exporters — domestic plants with

highest productivity become exporters — enhance sales by existing exporters, and reduce domestic

market share of surviving plants. This trade-induced reallocation of market share from less to

more productive plants leads to aggregate, industry-level productivity growth even in the absence

of plant-level productivity gains from exporting.

The existence of plant-level productivity gains from exporting, however, is the cornerstone of

trade policy.6 Post-entry productivity gains, which occur if involvement in the export markets

raises returns to innovation, allows plants to exploit economies of scale, or forces them to reduce

3Tybout (2003) and Greenway and Kneller (2007) provide reviews of the literature on the relationship between
plant performance, exporting, and foreign investment.

4Pavcnik (2002), Tybout and Westbrook (1995) and Lopez-Cordova (2002) study trade liberalization episodes
in Chile and Mexico; Clerides, Lach, and Tybout (1998) use data from Columbia, Mexico and Morocco; Bernard,
Jensen, and Schott (2006) use data on US manufacturing plants that cover the period between 1982 and 1997 during
which tariffs declined by more than 25 percent in a majority of industries.

5Melitz (2004), Helpman, Melitz, and Yeaple (2004), Bernard, Eaton, Jensen, and Kortum (2003) propose theoret-
ical models of imperfectly competitive industries with heterogeneous firms in which the link between the reduction in
the costs of trade and aggregate productivity growth lies in the correlation between plants’ productivity and plants’
responses to trade liberalization.

6Bernard and Jensen (1999)
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X-inefficiency, as well as pre-entry productivity gains, which occur if plants have to become more

productive in order to enter the export markets, justify trade promotion and trade liberalization

policies; without productivity gains from exporting, trade promotion policies lead to plants self-

selecting into subsidies and, potentially, incurring the considerable downside risks of exporting.

Studies seeking to explain the lackluster performance of exporting plants focused on the het-

erogeneity of exporting dynamics at the extensive margin (entries into and exits from the export

market). Their findings indicate that exporting is not a once-and-for-all activity. There is sig-

nificant, simultaneous entry into and exit from the export market7 and changes in export status

represent important junctures in plants’ lives. For a short period following entry into the export

market, exporting plants outperform non-exporting plants, but over time some of them fail and

exit the export market. The performance of plants that stop exporting is, on average, weaker than

that of plants that never export, while plants that continue their export operations have better

performance than plants that never export. Over longer periods of time, due to this heterogeneity

of exporting activity, the average performance of plants that enter the export market at any given

point in time is not better than that of plants that never export.

The exclusive focus on exporting dynamics at the extensive margin is justified by strong empirical

evidence of significant sunk costs of exporting.8 With sunk costs of exporting, infra-marginal

(domestic) plants need to take efficiency enhancing actions to become export ready, and thus entry

into the export market will be associated with productivity gains; given the irreversible nature of

some of these investments, exit from the export market will likely be associated with a reduction in

7Bernard and Jensen (1999) find that 15 percent of today’s exporters will stop exporting next year and 10 percent
of non-exporters will enter foreign markets, Blalock and Roy (2007) show that a 2 to 1 devaluation in Indonesian
rupiah caused substantial exit from the export market, offsetting the growth of exports at existing exporters and
new entries.

8Evidence of significant sunk entry costs has been provided by Roberts and Tybout (1997) who find that exporting
in a given period increases the probability of exporting in the next period 36% and Bernard and Jensen (2004a) who
show that, conditional on the number of years exported, runs of exporting and non-exporting are most likely.
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total factor productivity. Sunk costs of exporting, on the other hand, generate a range of inaction

at the decisional margin — export hysteresis — which is widened by uncertainty about conditions

in foreign markets (Dixit, 1989, 1992). Current exporters may prefer to incur temporary losses

resulting from a decline in the demand for their products rather than exit the foreign market,

which implies that a significant share of productivity decline will take place before the actual exit,

as plants wait for an improvement in the market conditions. Current exporters, may also be best

positioned to take advantage of improvements in foreign demand or in the terms of trade, and if

responses involve productivity enhancing measures, current exporters will account for a substantial

share of the productivity growth. There is strong evidence that, consistent with these predictions,

entries and exits play a minor role in the export response to changes in the economic environment.9

Yet, very little attention has been paid to the relationship between export dynamics at the intensive

margin and productivity performance.

In this paper, we use panel data on Mexican manufacturing plants to study the dynamics of

plant-level exporting activity and the connection between exporting dynamics and plant-level total

factor productivity growth. The main goal of this paper is to widen the scope of the analysis of

plant-level exporting activity to include export dynamics at both the extensive and the intensive

margins. Our data, an unbalanced panel of non-maquiladora plants10 from four major two-digit

industries of the Mexican manufacturing sector, cover the period between 1993 and 2000, a period

which encompasses the introduction of the North American Free Trade Agreement (NAFTA) in

1994, the temporary devaluation of the Mexican peso, and the severe macroeconomic crisis of 1995.

We represent plants’ export status using an eleven-state variable that includes information both

9Bernard and Jensen (2004b) report that 87% of the expansion following dollar depreciation in the 1980s was
from increased export intensity and 13% from entry of new firms and other studies (Bugamelli and Infante, 2002,
and Bernard and Jensen, 2004a) confirm this finding.
10A maquiladora or maquila is a factory that imports materials and equipment on a duty-free and tariff-free basis

for assembly or manufacturing and then re-exports the assembled product, usually back to the originating country.
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on whether the plant exports and, for those that export, on the their relative position (decile)

in the industry-specific distribution of exports, and use the industry-specific matrix of year-to-

year transitions across the eleven states to study entries, exits, and changes in export sales at

plants that export in consecutive years. This approach allows us not only to describe export

dynamics at the intensive margin, but also to capture the quantitative aspect of the entry and exit

decisions — the level of exporting activity at which plants enter foreign markets and the level of

exporting activity from which plants exit foreign markets. We estimate industry-specific production

functions employing semiparametric techniques that take into account the non-random nature of

plant exit from the market and the correlation between input levels and unobserved productivity

shocks (simultaneity bias). We construct plant-level total factor productivity series using estimation

results and analyze the relationship between changes in exporting status at both the intensive and

the extensive margins and total factor productivity growth.

Plant-level dynamics suggests that exporting activity has a ladder structure. Exporting plants

form a very heterogeneous group — export sales and export intensity vary greatly within industries.

Most entries into and exits from the export market take place at the bottom of the ladder: new

exporters typically engage in small-scale exporting operations, while plants that exit are predomi-

nantly selected among small exporters. There is an intense dynamics of exporting activity at the

intensive margin, but movements across the export distribution are not dramatic — most moves,

both up and down, take place between adjacent deciles. Plant mobility across deciles of export dis-

tribution has an inverted J-shape, top exporters being least likely to experience significant changes

in their relative position. Plants’ movements across the export distribution account for a far larger

share of industry-level gross changes in all relevant variables — exports, employment, output, and

productivity — than entries and exits. Productivity performance of exporting plants, while charac-
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terized by strong heterogeneity, is correlated with the type of exporting dynamics. Improvements

in plants’ relative position in the distribution of exports are associated with gains in average total

factor productivity, while deteriorations in plants’ relative position are associated with losses in

average total factor productivity. Moreover, becoming a large exporter is associated with larger

productivity gains.

Our results are consistent with the predictions of two related strands of literature: theoretical

models of exporting dynamics in industries with heterogeneous plants and sunk costs of exporting

and models of firms’ dynamic employment and investment decisions under uncertainty, with sig-

nificant adjustment costs. The dynamics of plant-level exporting activity suggests that plants face

not only fixed costs of entry, but also pre-entry uncertainty about conditions in the foreign markets

and post-entry convex costs of adjusting their exporting activity. As a result, a significant share

of the productivity gains from trade accrues long after entry, when plants become large exporters.

Changes at the extensive margin, entries and exits, while intense, play a much less important role.

The remainder of the paper is structured as follows. Section 2 contains a brief background on

NAFTA and a description of the data set used in this paper. Section 3, in which we present our

empirical analysis, contains a description of the aggregate industry-level performance between 1993

and 2000, the analysis of the plant-level dynamics of exporting activity between 1993 and 2000,

and the study of the connection between plant-level export dynamics and productivity performance.

Section 4 contains a summary of the main findings and a discussion of their implications.

2 Background and Data

In mid 1980s, as part of its accession to GATT, Mexico had substantially reduced and rationalized

tariffs and undertaken privatization, deregulation, and other major economic reforms. The North
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American Free Trade Agreement (NAFTA), signed in December 1992 and implemented in January

1994, was aimed at creating an integrated market in North America. NAFTA included provisions

for progressive elimination of tariff and non-tariff barriers to goods trade, improvement of access for

services trade, creation of a stable and transparent legal framework for foreign investors, stronger

protection of intellectual property rights, and creation of an effective dispute settlement mechanism;

NAFTA removed or phased out measures designed to discourage the free flow of capital between

Canada, Mexico, and the US. Previous literature shows that NAFTA had an important effect on

Mexico’s economy: the volume of trade grew substantially, the composition of trade changed, FDI

flows increased considerably, and total factor productivity grew faster in the manufacturing sector.11

In this paper, we use an unbalanced panel data set of non-maquiladora manufacturing plants

from four major two-digit industries: food processing, textiles, chemicals, and machinery. The

plants were followed for eight years, between 1993 and 2000, which allows us to observe them both

before and after the implementation of NAFTA. The data set was constructed using information

from two sources, Annual Industrial Survey (AIS) and Industrial Census (IC). AIS is a survey of

manufacturing establishments that uses a non-probabilistic sample (the sample selection strategy

is described in Appendix A.1). The sample was selected using IC 1993 as universe and included

predominantly large and medium-scale plants, but also a significant number of small plants from 205

six-digit industries. Selected plants account for at least 80 percent of the total value of production

of their respective industry. Establishments that operate under the special maquiladora regime

and petrochemical and oil-refining plants, which are state-owned monopoly, are excluded from the

sample. AIS provides information on a wide range of variables: investment and sales of capital,

11Lederman, Maloney, and Serven (2003) use sectoral data and find faster convergence rates during NAFTA. Using
firm-level evidence, Lopez-Cordova (2002) finds an increase in TFP in NAFTA years due to preferential access to
the US market and import competition, but not from the use of imported inputs. Schiff and Wang (2003) use sector
data and find that on the contrary use of imported intermediary inputs is responsible for TFP growth.
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rent on buildings paid by the plant, value added, skilled and unskilled labor, electricity usage,

total sales, domestic sales, and exports, and use of imported intermediary inputs. IC takes place

every five years and in this paper we use information from the 1993 and 1998 surveys. IC contains

information on replacement value and depreciation for six categories of capital stock: machinery,

buildings, land, transportation equipment, computing and peripheral equipment, and furniture and

office equipment. Firms are asked to consider reevaluations due to exchange rate variations and to

account for physical deterioration and obsolescence.

We use information from the two sources to construct plant-level time series for a set of plant

characteristics and measures of performance. We combine data on the replacement value of the cap-

ital stock from the IC with data from AIS on investment and sales of capital, and rent on buildings

paid by the plant to impute the replacement value of capital stock for each firm for all the years

(a detailed description of the imputation procedure is given in the Appendix A.2). The imputed

capital stock, value added, skilled and unskilled labor, and electricity usage are used to estimate

the industry-specific production functions and construct plant-level total factor productivity series.

Total, domestic, and export sales are used in the subsequent analysis. Value added and sales were

deflated using a price index generated by INEGI for 205 sectors. We exclude from the analysis

plants with missing information on the variables of interest for any of years they were present in

the sample. Among plants that exit the AIS sample between 1993 and 2000, we use in the analysis

only those that closed down (shut down, bankrupt, or liquidated). The resulting sample contains

3,260 plants and 24,158 plant-year observations, in four manufacturing industries.
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2.1 Plant-level productivity

We estimate the production functions using a two-step, semiparametric estimation procedure that

accounts for both simultaneity bias12 and selection bias induced by non-random plant exits.13 The

selection bias is corrected by formally modeling plants survival decisions and incorporating them into

the estimation as in Olley and Pakes (1996). The simultaneity bias is corrected by constructing an

instrument for the unobserved productivity component based on plant’s intermediary input demand

as in Levinsohn and Petrin (2003). Our instrument is based on electricity consumption, which

among intermediary inputs provides the best instrument since few plants produce it and cannot be

stored.14 (The estimation procedure is described in the Appendix A.3) The estimation results from

the two-step semiparametric procedure and the standard, fixed-effects OLS estimation, presented

in table 1, underscore the importance of controlling for both selection bias and simultaneity bias

in the estimation of production functions. The semiparametric estimation yields higher coefficients

for capital and skilled labor and lower coefficients for unskilled labor. Higher capital coefficients

suggest that large firms have a better chance to survive adverse productivity shocks. The use

of easily adjustable factors, like unskilled labor, is positively correlated with productivity shocks,

inducing upward bias of the fixed effect estimates, while the reverse is true for factors which are

slow to adjust like skilled labor.

Using the coefficient estimates, we construct two measures of plant productivity. First, total

factor productivity (TFP ) defined as

TFPit = yit − β̂sl
s
it − β̂ul

u
it − β̂kkit

12The correlation between input levels and unobserved productivity shocks induces simultaneity bias in the OLS
estimation.
13Plants with low realizations of productivity exit the market. If plants with larger capital stock are more likely

to survive negative realizations of productivity shocks, the OLS estimator of the capital coefficient will be biased.
14A number of recent papers (e.g. Pavcnik, 2002) have used this procedure to estimate production functions.
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where yit, lsit, l
u
it, and kit are value added, number of skilled and unskilled workers, and capital stock

of plant i at time t in logarithm form and β̂s, β̂u, and β̂k are the coefficient estimates. Second, we

construct a productivity index (pr) that measures the distance from average industry practice in

the base year, r,

prit = yit − β̂sl
s
it − β̂ul

u
it − β̂kkit − (yr − ŷr)

where yr = ȳir , ŷr = β̂s l̄
s
ir− β̂u l̄uir− β̂kk̄ir and ȳir, l̄sir, l̄uir, k̄ir are average industry values in the base

year, 1993, the first year of our data. We also compute two measures of aggregate industry-level

productivity: the unweighted average productivity prt =

P
i
prit

n
, that captures plant-level efficiency

gains, and a weighted average productivityWt =
P

i sitprit, where sit are plants’ shares of industry

output, that captures gains in the overall efficiency with which an industry’s output is produced.

Gains in the weighted average productivity could be generated by either plant level productivity

gains or through concentration of market share at more productive plants. An individual plant’s

contributions to unweighted and weighted aggregate productivity measures are, respectively,
prit
n

and sitprit. The total contributions of a subset A of an industry’s plants are
P
i∈A

prit
n
and

P
i∈A

sitprit.

3 Empirical Analysis

The goal of our empirical analysis is twofold. First, we aim to provide a description of the dynamics

of plant-level exporting activity following the introduction of NAFTA. We analyze both the dynam-

ics at the extensive margin — entries into the export market and exits from the export market —

and the dynamics at the intensive margin — changes in the exporting activity of firms that export

in consecutive periods; in addition, we provide a quantitative characterization for entries and exits

by analyzing the level of exporting activity of new exporters immediately after entry and the level
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of exporting activity of plants that stop exporting immediately before their exit from the export

market. Second, we analyze the relationship between the dynamics of plants’ exporting activity

and their productivity performance.

It is worth pointing out that our data set covers a period that, in addition to the implementation

of NAFTA, encompasses a period of exchange rate devaluation between 1995 and 1997, following

the collapse of peso in December 1994, and a severe macroeconomic crisis in 1995. Effects of the

unilateral policy of trade liberalization undertaken after 1985 were likely to be present after 1994

and, in turn, some NAFTA provisions will not be fully implemented until 2009. NAFTA itself

was a nexus of provisions — removal of tariff and non-tariff barriers to the goods trade, removal of

barriers to services trade, creation of a stable and transparent legal framework for foreign investors,

stronger protection of intellectual property rights. As a result, it is difficult to trace the effects

of individual components of NAFTA, of NAFTA itself, or of the exchange rate devaluation on

the performance of manufacturing plants. The combination of NAFTA and the exchange rate

devaluation, however, led to a sharp increase in exports and, despite the syncope generated by the

1995 domestic crisis, to strong overall growth in the Mexican manufacturing. The fast growth of

the Mexican manufacturing sector between 1993 and 2000 provides the backdrop for our study,

and, before turning to the analysis of the dynamics of plant-level export activity, we present an

assessment of the aggregate, industry-level performance based on our sample.

3.1 Aggregate industry-level performance

Table 2 presents the number of exporting plants, domestic sales, and export sales, in our sample,

between 1993 and 2000. In all four industries, significant percentages of plants exported part of

their output in 1993. In machinery, the industry with the most intense export activity, 40 percent
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of the plants exported part of their output, and export sales represented one third of total sales.

In the chemical industry, 38 percent of the plants exported part of their output and export sales

represented 13 percent of total sales; in textiles, 27 percent of the plants exported part of their

output and export sales represented 8 percent of total sales; finally, in food products, 19 percent

of the plants exported part of their output, but export sales accounted for only 3 percent of the

total sales. Between 1993 and 2000, total sales (the sum of domestic and export sales) in the

four industries increased by 60 percent and roughly 60 percent of this growth is accounted for by

the rise in exports: the number of exporting plants increased by 45 percent, export sales tripled,

while domestic sales increased by 55 percent. Exporting intensity increased in all four industries,

the export share of total output grew from 17 percent in 1993 to 32 percent in 2000. Aggregate

performance varies widely over time. The highest rates of growth in exports prevail between 1995

and 1997, when the effects of NAFTA and those of the exchange rate devaluation overlap. On

the other hand, the domestic crisis of 1995 had a strong negative effect on domestic sales in all

industries. The dynamics of the exporting activity following the implementation of NAFTA also

vary substantially across industries. The machinery industry, whose exports in 1993 represented

75 percent of all export sales in the four industries, accounts for three quarters of the total exports

made between 1993 and 2000 and for 84 percent of the growth in exports. At the same time, food

and textiles industries, whose export sales almost tripled, account for only 6.5 and 3.5 percent of

the total exports made between 1993 and 2000 and for 6 and 3 percent of the growth in exports,

while chemical industry, whose export sales doubled, accounts for 13.5 of all export sales made

between 1993 and 2000 and for 8 percent of the export growth.
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3.2 Plant-level dynamics of exporting activity

The aggregate growth described in table 2 was generated by plant responses to changes in the

economic environment that display a high degree of within-industry heterogeneity. Table 3 shows,

by year, the percentage of plants in the sample that exit the market, the percentage of plants selling

exclusively on the domestic market that begin exporting, the percentage of exporting plants that

stop exporting, and the percentages of exporting plants that increase and decrease their export sales

by at least 25 percent. In all industries significant percentages of plants exit the market. Rates

of exit are largest in 1995, the year of the domestic crisis. Between 1993 and 2000, textiles, lost

roughly 15 percent of the plants, machinery lost 9 percent, while food and chemical industries lost

around 6 percent of their plants. Changes in the exporting status display heterogeneity both at the

extensive margin and at the intensive margin. At all times and in all industries, there are plants

that enter and plants that exit the export market. Among exporters, there are, at all times, plants

that significantly lower their export value and plants that significantly increase their export levels.

All industries show the same temporal pattern. Between 1993 and 1997 when the introduction

of NAFTA and the exchange rate devaluation improved exporting conditions, the percentages of

plants that start exporting and the percentages of exporting plants that increase their export sales

are relatively larger. Despite favorable exporting conditions, in all sectors, the percentages of plants

that reduce their export sales or stop exporting remain significant: between 1994 and 1995, 6 to

9 percent of the exporting plants stop exporting, while 12 to 16 percent of those that continue

exporting reduce their export sales by more than 25 percent. After the exchange rate returned

to its previous levels, the percentages of plants entering the export market or intensifying their

exporting activity declined while those of plants that reduce their export sales or stop exporting

increased.
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To provide a more precise description of a plant’s exporting activity at any given point in time

and of the changes in the plant’s exporting activity, we construct an eleven-state variable which

takes value 0 if the plant does not export and, if the plant exports, a value between 1 and 10

depending on its relative position (decile) in the industry-specific distribution of plant-level export

sales. Thus, the variable takes value 1 for the plants in the first decile of the distribution of export

sales, i.e, among the 10 percent of the plants with the lowest export sales, and takes value 10 for the

plants in the tenth decile of the distribution of export sales, i.e., among the 10 percent of the plants

with the highest export sales. At any given point in time exporters form a very heterogeneous

group, and that was certainly true with respect to plants that exported at the outset of NAFTA. In

table 4, we compare export sales (panel A), export intensity (panel B), and share of total industry

exports (panel C) across the deciles of the industry-specific export distributions. Panel A shows

that export sales of the largest 10 percent of exporters are 5 to 9 times the industry average. Export

intensity (exports as a percentage of total sales) is higher for larger exporters (panel B); the top 10

percent exporters in chemical and machinery industries, for example, export roughly 50 percent of

their output. Panel C shows that the largest 10 percent of exporters account for 54 to 90 percent

of total industry exports, while the largest 20 percent account for 73 to 96 percent of industry’s

exports.

The matrix of year-to-year transitions across the eleven states of the export-status variable pro-

vides a quantitative characterization for entries and exits — the level of exporting activities in which

new entrants engage and the level of exporting activity from which plants exit the export market,

as well as an accurate description of plant-level exporting dynamics at the intensive margin. We use

transitions into the export market to construct the probability that a new entrant will occupy one

of the 10 deciles of the export distribution in the year of entry, Pr ob (Export Decilet|Entryt) and
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transitions out of the export market to construct the probability that a plant that exits the export

market comes from one of the 10 deciles of the export distribution Pr ob (Export Decilet−1|Exitt).

Figure 1, which compares Pr ob (Export Decilet|Entryt) across deciles, indicates that plants that

start exporting typically engage in small scale exporting operations. In all four industries, an over-

whelming share of the new entrants begin their exporting operations at the bottom of the export

distribution and the entry probability declines very fast across deciles of the export distribution:

between 35 and 42 percent of new entries take place in the first decile of the export distribution,

between 60 and 65 percent take place in the first two deciles, while 80 to 90 percent take place below

the median of the export distribution. Figure 2, which compares Pr ob (Export Decilet−1|Exitt)

across deciles, shows that small exporters are far more likely to exit the export market. In all in-

dustries, plants that exit are most likely to come from the bottom decile of the export distribution

and the probability decreases very fast across deciles: 27 to 32 percent come from the first decile,

46 to 53 percent come from the first two deciles, while 75 to 82 percent of the plants that exit

had export sales smaller than the industry median. Both figures display a remarkable degree of

similarity across industries with respect to the entry and exit patterns.

To describe the plant level dynamics of exporting activity at the intensive margin, we focus

on plants that export in consecutive years and construct the matrix of year-to-year transitions

between the deciles of the export distribution. Figure 3 plots the conditional probability of a plant

changing its relative position in the distribution of exports (one minus the probability corresponding

to the main diagonal of the transition matrix). The probability ranges between 20 and 90 percent

and the graphs have an inverted-J shape, which indicates that top exporters have a very low

probability of undergoing any change in their relative position, while plants in the middle of the

export distribution have the highest mobility (60 to 80 percent will move either up or down in the
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distribution of exports). Changes in plants’ relative position in the distribution of exports are not

very dramatic. Figure 4 indicates that 60 to 75 percent of the moves take place between adjacent

deciles while roughly 80 to 90 percent take place within two deciles, and that the percentages of

plants that move up and down in the distribution of exports are similar.

These patterns of plant-level exporting dynamics suggest that exporting activity can be thought

of as a ladder. Entries and exits take place into and from the bottom steps. Simultaneously,

comparable shares of plants ascend and descend the exporting ladder, step by step. Both the

upward and the downward flows become increasingly sparse towards the top of the ladder; a small

fraction of plants reach the top and they are very likely to remain there.

3.3 Exporting dynamics and productivity performance

The intense and heterogeneous dynamics of exporting activity among plants that export in con-

secutive years, on the one hand, and the fact that the vast majority of plants that enter and exit

the export market are small exporters, on the other hand, suggest that exporting dynamics at the

intensive margin accounts for a large share of the industry-level growth and plays an important role

in explaining the relationship between exporting and productivity.

The matrix of year-to-year transitions into and out of the export market and across the deciles

of the export distribution forms the basis for our study of the connection between plant-level

dynamics of exporting activity and plant-level productivity performance. First, we distinguish

between export dynamics at the extensive margin — plants that enter or exit the export market

— and export dynamics at the intensive margin — plants that export in consecutive years and

move down, move up, or do not change their relative position in the distribution of exports — and

compare the relative importance of the contributions made by plants with different types of export
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dynamics to the gross industry-level changes in exports, employment, output, and unweighted and

weighted productivity. Second, we focus on plants that export in consecutive years and analyze

the relationship between plant-level exporting dynamics at the intensive margin (move up, move

down, or no change in relative position) and plant-level changes in productivity. Finally, for plants

that move upwards in the distribution of exports we analyze whether becoming a large exporter is

associated with larger gains in total factor productivity.

We construct the contributions of plants with different types of exporting dynamics to the gross

industry-level changes in exports, employment, output and unweighted and weighted productivity

by adapting measures introduced by Davis and Haltiwanger (1999) for gross job creation and gross

job destruction. We define the positive contribution of a subset A of an industry’s plants to gross

export change between t and t + 1 as EXP+A =
P

i∈A+

∆EXPit and the negative contribution to

gross export change as EXP−A =
P

i∈A−
|∆EXP |it, where i is an index for plants, A+ is the subset of

plants in A that increase their export sales, while A− is the subset of plants in A that reduce their

export sales between t and t+1. We define in a similar way positive and negative contributions to

gross changes in employment output and weighted and unweighted productivity:

- for employment, EMP+A =
P

i∈A+

∆EMPit and EMP−A =
P

i∈A−
|∆EMP |it, where A+ is the

subset of plants in A that increase their employment, while A− is the subset of plants in A that

reduce their employment between t and t+ 1;

- for output, OUT+A =
P

i∈A+

∆OUTit and OUT−A =
P

i∈A−
|∆OUT |it, where A+ is the subset of

plants in A that increase their output, while A− is the subset of plants in A that reduce their output

between t and t+ 1;

- for unweighted productivity, PRD+
A =

P
i∈A+

∆prit
n

and PRD−A =
P

i∈A−

¯̄̄̄
∆prit
n

¯̄̄̄
, where A+ is

the subset of plants in A that increase their contributions to the unweighted aggregate productivity
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measure of their industry, while A− is the subset of plants in A that increase their contributions to

the unweighted aggregate productivity measure of their industry between t and t+ 1;

- for weighted productivity , WPRD+
A =

P
i∈A+

∆ (sitprit) and WPRD−A =
P

i∈A−
|∆ (sitprit)|,

where A+ is the subset of plants in A that increase their contributions to the weighted aggregate

productivity measure of their industry, while A− is the subset of plants in A that increase their

contributions to the weighted aggregate productivity measure of their industry between t and t+1.

In table 5 we present the contributions of plants that enter or exit the export market and of

plants that continue to export to the gross industry-level changes in exports, employment, output,

and unweighted and weighted productivity. With the exception of exports, the values do not add up

to 100, the remainder representing the contribution of plants that sell exclusively on the domestic

market. The results show that entries and exits account for much smaller shares of the positive

and negative contributions to the gross changes in exports, employment, output, and weighted and

unweighted total factor productivity than plants that export continuously. Entries in the export

market account for 8.3 percent (in chemical) to 14.7 percent (in textile) of gross export growth, while

exits from the export market account for 1.9 percent (in machinery) to 10.6 percent (in textile)

of the negative gross export change. With respect to employment and output, contributions of

exits and entries to both positive and negative gross changes represent one quarter or less of those

made by plants that export continuously. Contributions of entries and exits to gross changes in the

unweighted aggregate productivity measure of their industry represent 25 to 45 percent of those

made by plants that export continuously. Finally, contributions made by entries and exits to gross

changes in the weighted aggregate productivity measure of their industry represent 8 to 30 percent

of those made by plants that export continuously, which implies that plants that enter and exit

account for smaller shares of their industry output. A comparison across industries suggests that
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in industries that export larger shares of the output (textiles, chemical, and especially machinery)

plants that continue to export account for relatively larger shares of overall gross changes.

To study the relationship between the dynamics of plant-level exporting activity at the intensive

margin and productivity performance, we focus on plants that export in consecutive years and

define three types of exporting dynamics: ‘move down’ (plants that move into a lower decile of

the export distribution), ‘stay’ (plants that do not change their relative position in the distribution

of exports, and ‘move up’ (plants that move into higher deciles of the export distribution. In

column (1) of table 6 we present the results of linear regressions of changes in TFP as a function

of the type of exporting dynamics. Coefficient estimates indicate that among plants that export

in consecutive years, there is a strong correlation between the dynamics of the exporting activity

and the productivity performance. Plants that move down in the distribution of exports experience

significant decline in total factor productivity (the constant terms are negative and significant in

all industries with magnitudes between -0.08 and -0.20). The coefficients for ‘stay’ and ‘move up’

are positive and significant in all industries and the F-tests show that in three of the four industries

(food, chemical, and machinery) the coefficients for ‘move up’ are significantly higher than those for

‘stay’. These results imply that plants that do not change their relative position in the distribution

of exports experience very small changes in TFP — the sum of the constant term and the coefficient

for ‘stay’ is every close to 0 — while plants that move higher on the export ladder realize average

total factor productivity gains of 0.05 to 0.13.

The relationship between plant-level exporting dynamics and average productivity performance

is by no means the result of uniform gains (losses) by plants that intensify (reduce) their exporting

activity. It is rather the aggregation of strongly heterogeneous plant behavior. We use kernel

density estimation to construct the distribution of year-to-year changes in total factor productivity
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for plants with different types of exporting dynamics. The four panels of figure 5 compare, by

industry, the distributions of TFP changes for plants that move downward in the distribution of

exports, plants that do not change their relative position, and plants that move upwards in the

distribution of exports. Among plants will all types of exporting dynamics there are both plants

that realize TFP gains and plants that experience TFP losses. The distributions, however, are

significantly different. For any level of TFP change, the probability of changes smaller than or

equal to that particular level (the cumulative distribution function, CDF) is largest for plants that

move down in the export distribution and it is smallest for plants that move up in the export

distribution.15

The fact that the distributions are significantly different is supported by the results of quantile

regressions, presented in columns (2) to (10) of table 6. Quantile regressions estimate the coef-

ficients of linear, conditional quantile functions in a way similar to that in which OLS estimates

the coefficients of linear conditional expectation functions. The interpretation of the coefficients is

also similar to that of coefficients in a linear regression: the partial derivatives of the conditional

quantile function with respect to the independent variables. For example, a positive coefficient for

an independent variable in the regression for 10th percentile indicates that a one unit increase in the

independent variable will increase the 10th percentile of the distribution of the dependent variable

by the value of the coefficient. We ran quantile regressions of change in the TFP as a function of

the type of export dynamics, by industry, for the 10th to the 90th quantiles. With very few excep-

tions, the coefficients of ‘stay’ and ‘move up’ are positive and significant in all industries and for

all quantiles, which is consistent with the kernel density estimates showed in figure 5. The F-tests

15The distribution of TFP changes for plants that move down in the export distribution stochastically dominates
the distributions of TFP changes for plants that do not change their relative position and for those that move up
in the export distribution; the distribution of TFP changes for plants that do not change their relative position
stochastically dominates the distribution of TFP changes for plants that move up in the export distribution.
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indicate that the distribution of TFP changes for plants the move into higher deciles is significantly

different from that of plants that do not change their relative position in the export distribution.

These results imply that plants the move up in the distributin of exports are at the same time

more likely to experience larger increases in their productivity and less likely to experience larger

declines in theor productivity.than plants that do not change their relative position or move down

in the distribution of exports.

We have showed that plants in the upper deciles of the export distribution are very different

from those in the lower deciles: they have much larger export volumes and higher export intensity.

Focusing on plants that move upward in the export distribution, we assess whether becoming a

large exporter is associated with relatively larger productivity growth. We classify year-to-year

upward transitions in the export distribution with respect to their destination: transitions that end

in the bottom 30 percent, the middle 40 percent, and the top 30 percent of the export distribution.

We ran OLS and quantile regressions (for 10th to 90th percentiles) of changes in TFP as a function

of the destination of the upward transitions. Table 7 shows the estimation results. The OLS

estimates, presented in column (1) show that average TFP change for upward transitions that end

in the bottom 30 percent of the export distribution are not significantly different from zero (for all

industries, the constant terms are not statistically significant). In three out of four industries (food,

chemical, and machinery) transitions that end in the middle 40 percent and those ending in the

top 30 percent of the export distribution are associated with positive and significant average TFP

change. Moreover, in chemical and machinery industries, the F-tests for equality of the coefficients

for ‘middle 40%’ and ‘top 30%’ are significant, which indicates that in these industries, TFP growth

associated with becoming a large exporter is significantly higher.

The estimates of the quantile regressions presented in columns (2) to (10) show that differences in

21



the average TFP changes are generated primarily by differences at the bottom of the distribution.

In all industries the coefficients for ‘Top 30%’ (upward moves ending in the top 30 percent of

the export distribution) are positive and significant in the regressions for bottom (10th to 50th)

percentiles (columns (2) to (6)) and the coefficients of the lowest deciles are the largest. This shows

that low realizations of TFP change are significantly less likely for plants that move to the top of

the export distribution. In the machinery, the industry with the largest output and export and

with the strongest concentration of exports, the coefficients for ‘Top 30%’ in the regressions for 8

of the 9 quantiles are significant, which indicates that that the largest TFP gains take place when

plants become large exporters.

4 Discussion

In this paper, we use panel data on Mexican manufacturing plants to study the relationship between

plant-level dynamics of exporting activity and productivity performance. Our data contain informa-

tion on plants from the four largest two-digit manufacturing industries and cover the period between

1993 and 2000, which encompasses the introduction of the North American Free Trade Agreement

(NAFTA) in 1994, a severe macroeconomic crisis in 1995, and the temporary devaluation of the

Mexican peso.

Our analysis has two main components. First, we analyze the plant-level dynamics of exporting

activity. We show that exporting activity can be described as a ladder. Plants that export form

a very heterogeneous group; within each industry, the top 10 percent exporters account for 54 to

90 percent of industry exports, have export sales five to nine times the industry average, and have

significantly higher exporting intensity. Most entries into and exits from the export market take

place at bottom of the ladder: new exporters typically engage in small-scale exporting operations,
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while plants that exit are predominantly selected among small exporters. There is an intense

dynamics of exporting activity at the intensive margin. Simultaneously, similar shares of plants

move up and down the ladder, gradually changing their relative position in the distribution of

exports. The mobility of plants across the distribution of exports has an inverted-J shape. Plants

in the middle deciles of export distribution have the largest probability of changing their relative

position, while the largest exporters have the lowest probability of changing their relative position.

Second, we study the relationship between plant-level exporting dynamics and productivity per-

formance. We distinguish between export dynamics at the extensive margin — plants that enter

or exit the export market — and export dynamics at the intensive margin — plants that export in

consecutive years and move down, move up, or do not change their relative position in the distrib-

ution of exports. Entries and exits have relatively small contributions to gross, industry changes in

all relevant variables — exports, employment, output, and productivity. Among plants that export

in consecutive years, productivity performance is correlated with the type of exporting dynamics.

Standard linear regression results show that improvements in plants’ relative position in the dis-

tribution of exports are associated average total factor productivity gains, while deteriorations in

plants’ relative position are associated with average total factor productivity losses. Kernel density

estimation of the distribution of changes in TFP and quantile regressions show that the relationship

between export dynamics and productivity is affected by a great deal of heterogeneity, but plants

that improve their relative position have superior distributions and becoming a large exporter is

associated with larger gains in total factor productivity.

Our results are consistent with the predictions of theoretical models from two related strands of

literature: models of exporting dynamics in industries with heterogeneous plants and sunk costs of

exporting (Melitz, 2004, Helpman, Melitz, and Yeaple, 2004, Bernard, Eaton, Jensen, and Kortum,
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2003) and models of firms’ dynamic employment and investment decisions under uncertainty, when

the adjustment costs of labor and capital are significant (Hammermesh and Pfann 1996, Bentolila

and Bertola, 1990, Dixit 1989, 1992, 1997).

Significant sunk costs of entering the export market create a range of inaction at the decisional

margin. Uncertainty about market conditions — either static, if firms, for example, have imperfect

information about demand for their product until they enter the foreign market, or dynamic, if

market conditions like demand or exchange rates are subject to random changes — widen the range of

inaction. As a result, export responses to changes in the economic environment will be concentrated

at current exporters. Existing exporters are in the best position to take advantage of improvements

in the exporting conditions, while, on the other hand, they may prefer to incur temporary losses

resulting from a decline in demand for their products rather than exit the foreign markets. In our

sample, which covers the introduction of NAFTA and the temporary devaluation of the Mexican

peso, exits into and entries from the export market account, roughly, for less than 10% of the gross

changes in exports.

The ladder structure of the exporting activity, with new entrants starting at the bottom of the

ladder and gradually advancing towards the top, suggests that plants incur not only a lump-sum

cost of entering the export market, but also a convex-shaped, possibly piecewise linear, post-entry

cost of adjusting their exporting activity. The cost that a firm incurs when expanding or contracting

their exporting activity has two sources: the pecuniary and non-pecuniary costs of adjusting labor —

hiring, training, and firing costs — and the costs of installing new capital or scrapping equipment and

the associated costs or reassigning and retraining the work force, as well as the irreversible character

of some of the investments in capital. Standard results in dynamic labor demand (Hammermesh and

Pfann, 1996) and investment theory (Dixit 1989, 1992, 1997) show that fixed and linear adjustment
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costs create a region of inaction for the decision to adjust the use of inputs, but if the value of the

adjustment exceeds the cost, the firms will immediately converge either to the optimal input levels

(in the cases of fixed costs) or to levels determined by the limits of the range of inaction (in the case

of linear costs); convex costs, on the other hand, generate gradual adjustment paths towards the

optimal levels of inputs. Accordingly, fixed or linear costs of adjusting the exporting activity would

imply that new exporters enter at their optimal level of exporting (or at the lower bound of the

range of inaction). Subsequent adjustments would be triggered by unexpected changes in market

conditions. If adjustment costs are fixed or linear, the fact that most of the entries and exits take

place at the bottom of the export ladder could be generated by plants’ having imperfect information

about conditions in the foreign markets and engaging in small scale exporting operations to learn,

for example, the demand for their product. Upon learning their demand, they may either decide

to exit the market or further expand their exporting operations, directly to the optimal level. The

gradual adjustment of exporting activity that we observe in our data, with a vast majority of plants

that change their relative position in the distribution of exports moving to adjacent deciles, requires

convex or piecewise-linear, convex adjustment costs.

Convex costs of adjusting the export levels also offer an explanation for the fact that mobility of

plants across the distribution of exports has an inverted-J shape, with the largest exporters being

least likely to change their relative position. Plants in the tenth decile of the export distribution have

export sales five to nine times the industry average and three to twenty times the average export

sales of plants in the ninth decile. Becoming a large exporter implies sharp increases in export sales

and large adjustment costs if these costs are convex. Only the most successful exporting plants can

pay the high cost of becoming large exporters. Both the size of the adjustment costs of making

it to the top of the export ladder, which widens the region of inaction, and the selection of most
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productive plants reduce the mobility of large exporters.

The association we find between the plant level dynamics of exporting activity and total factor

productivity growth fits well into this framework. If new entrants engage in small scale exporting

operations because of convex adjustment costs or imperfect information about demand in the foreign

market, entries and exits will not be earth-shattering events in plants’ lives. The bulk of efficiency

enhancing actions that a plant takes in connection to its exporting activity will rather be associated

with changes in the intensity of the exporting activity, mainly with becoming a large exporter. This

result is consistent with previous empirical findings showing that while, on average, plants that enter

the export market at a given point in time do not outperform those that never export, plants that

export for longer periods of time have a better performance than those than never export. Our study

suggests, however, that this is not solely due to long term exporters being superior with respect to a

time-invariant productivity parameter. It is rather the cumulative effect of plant heterogeneity and

significant post-entry productivity gains associated with the intensification of exporting activity.

Our results provide and explanation for the weak evidence of plant-level productivity gains

from trade. Previous studies focused on the period before and immediately following entry into the

export market, but, as we showed, entries take place at the bottom of the export ladder and are

associated with relatively small TFP changes and very small output-weighted productivity changes;

instead, the bulk of plant-level productivity gains from trade accrue long after entry when plants

become large exporters.
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Appendix

A.1. Annual Industrial Survey

AIS uses a non-probabilistic sample drawn from the universe of manufacturing establishments

provided by the 1993 Industrial Census. The sample was selected according to the following two cri-

teria. First, two types of plants were excluded from the sample: establishments that operate under

the special maquiladora regime and petrochemical and oil-refining plants which are state-owned

monopoly. Second, 205 six-digit industries with the largest contribution to total manufacturing

production were selected from a total of 309 six-digit industries.16The largest plants from each in-

dustry, covering at least 80% of the total value of gross production of the industry, were included in

the sample. All remaining plants with at least 100 employees were added to the sample. In classes

where production was highly concentrated, all establishments were included, whereas in classes with

highly disaggregated production maximum 100 establishments were included in the sample. As a

result, the AIS sample includes all the largest plants in the population and a significant share of

medium-scale plants, but a smaller share of small plants and very few micro-enterprises. The AIS

sample has not been refreshed since 1993, but its composition changed every year. Plants were

excluded from the sample for a number of reasons among which, plant closings are well identified.

Plants were added to the sample every year to replace the plants lost.

A.2. Imputation of capital stock

Capital stock is imputed using perpetual inventory method. The replacement value of capital

stock provided by IC is the basis of the imputation procedure. Plants in the data set can be classified

in three categories: plants present in both IC 1993 and IC 1998, plants present in IC 1993 which

16Establishments are classified according to the Mexican Classification of Activities and Products, which at a
4-digit level is compatible with the International Uniform Industrial Classification.
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exit the sample before 1998, and plants which enter the sample between 1993 and 1998, present

only in IC 1998. For all plants which were in present in IC 1993 we impute capital stock using the

replacement value of capital stock in IC 1993 as a basis. For plants which were present in both IC

1993 and IC 1998, we compare the imputed value of capital stock in 1998 with the value of capital

stock in IC 1998 to obtain deflators for each of the seven types of capital stock. Finally, for plants

which initiated operations between 1993 and 1998, and were therefore present only in IC 1998, we

impute capital stock by using the replacement value of capital in IC 1998, appropriately deflated,

as basis.

The second ingredient of the imputation procedure is the rate of depreciation of the capital

stock. We use IC 1998 information on capital stock, investment, sales of capital, and depreciation to

calculate depreciation rates for five types of capital (excluding land), for 70 five-digit manufacturing

sectors. For each firm we calculate depreciation rates for the five types of capital, then median

rates for each of the five-digit sector are chosen. In calculating depreciation rates, it is important to

consider the distribution of investments and sales of capital during the year. The precise timing of

the investments taking place during one year is generally not known and assumptions are necessary

(for example, one can assume that all investments take place at the beginning of the year, at the end

of the year or are uniformly distributed during the year). The assumed timing of the investments

determines the denominator of the depreciation rate and, hence, the size of the depreciation rate.

In this paper we assume both investments and sales of capital are uniformly distributed during the

year.

Investments and sales of capital are the third ingredient of the imputation procedure. From AIS

we extracted information on investments for two groups of capital stock types. First group pools

together machinery, transportation equipment, computing and peripheral equipment, and furniture
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and office equipment, the second group contains and buildings and land. The first group is further

divided into domestic and imported capital goods. For each of these three types of investment we

use deflators constructed by Banco de Mexico.

The perpetual inventory method is applied to each type of capital. The total capital stock is

computed by summing the values for the six types and an imputed value of the rented buildings

obtained by multiplying annual rent by 10. Capital stocks at the beginning and at the end of the

year were calculated. In the estimation we use the average capital stock in a given year.

A.3. Estimation of the production function

We estimate industry-specific production functions using a modified version of the approach

introduced by Olley and Pakes (1996) in which the investment function is replaced by intermediate

input demand. In this paper we use demand for electricity which, arguably, provides the best

instrument since few firms produce electricity and electricity cannot be stored.

Consider the production function of firm at time t:

yit = α+ βsl
s
it + βul

u
it + βkkit + ωit + εit (1)

where yit is log value added, slsit is log of skilled labor, l
u
it is log of unskilled labor, kit is log of

plant’s capital stock, ωit is the level of plant specific productivity, and εit is white noise. A firm’s

private knowledge of ωit plays a role in both exit and input choice decisions. Firm’s demand for

electricity is:

eit = eit (ωit, kit)
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Under monotonicity conditions, the demand function can be inverted,

ωit = ωit (eit, kit)

Replacing ωit, (1) becomes:

yit = βsl
s
it + βul

u
it + φ (eit, kit) + εit (2)

where φ (eit, kit) = α+ βkkit + ωit

In the first step we use OLS to estimate β̂s and β̂u in (2) where φ (eit, kit) is represented by a

polynomial expansion in eit and kit. Using the coefficient estimates at the first step, we calculate

an estimate for φ (eit, kit), φ̂ (eit, kit) = yit − β̂sl
s
it − β̂ul

u
it

Let

y∗it+1 = yit+1 − βsl
s
it+1 − βul

u
it+1 = α+ βkkit+1 + ωit+1 + εit+1 (3)

To address the selection bias problem, firm’s exit decision is specifically modelled. Writing the

realization of the new productivity shock as a sum of a forecasted component and an idiosyncratic

component, ωit+1 = E [ωit+1|ωit] + ηit+1,and denoting g (ωit) = α + E [ωit+1|ωit], equation 3

becomes

y∗it+1 = βkkit+1 + g (ωit) + εit+1

A firm is observed only if the realization of productivity is above a certain threshold. The firms
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exit decision is then represented by:

Xt = 1 if ωt > ωt

Xt = 0 otherwise

Incorporating the exit decision, (3) becomes:

y∗it+1 = yit+1 − βsl
s
it+1 − βul

u
it+1 =

= α+ βkkit+1 +E
h
ωit+1|ωit, ωt+1 > ωt+1

i
+ ηit+1 + εit+1

The second estimation step is then:

y∗it+1 = yit+1 − β̂sl
s
it+1 − β̂ul

u
it+1 = βkkit+1 + g

³
φ̂ (eit, kit)− βkkit, P̂it

´
+ ηit+1 + εit+1 (4)

We use a polynomial expansion for g,

g
³
φ̂ (eit, kit)− βkkit, P̂it

´
=
P
j

P
l

βjl

³
φ̂ (eit, kit)− βkkit

´j
P̂ l
it and non-linear least square to

estimate (4).

Finally, using the coefficient estimates from the two steps of the estimation, we calculate total

factor productivity as

ω̂it = yit − β̂sl
s
it − β̂ul

u
it − β̂kkit
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Figure 1. The destination of entries into the export market (yearly transitions).
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Figure 2. The source of exits from the export market (yearly transitions).
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Figure 3. Conditional probabilities of changing relative position in the export distribution. 
(yearly transitions)
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Figure 4. Plant mobility across the export distribution, by industry (yearly transitions).
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Figure 5. The distributions of changes in total factor productivity by industry and type of export dynamics

A. Food Products B. Textiles

1.2
1.4

1.2
1.4

0 2
0.4
0.6

0.8
1.0
1.2

D
en

si
ty

0 2
0.4
0.6
0.8
1.0
1.2

D
en

si
ty

0.0
0.2

-2.5 -1.5 -0.5 0.5 1.5 2.5
TFP Change

Move Down Stay Move Up

0.0
0.2

-2.5 -1.5 -0.5 0.5 1.5 2.5
TFP Change

Move Down Stay Move Up

C. Chemical D. Machinery

Move Down Stay Move Up Move Down Stay Move Up

0.8
1.0
1.2
1.4
1.6

ns
ity 0.8

1.0
1.2
1.4
1.6

ns
ity

0.0
0.2
0.4
0.6

-2.5 -1.5 -0.5 0.5 1.5 2.5

D
e

TFP Ch

0.0
0.2
0.4
0.6

-2.5 -1.5 -0.5 0.5 1.5 2.5

D
e

TFP ChTFP Change

Move Down Stay Move Up

TFP Change

Move Down Stay Move Up



   Table 1. Estimates of production functions. Fixed effects estimation and semiparametric estimation

Sector

Coeff. S.E. Coeff. S.E Coeff. S.E Coeff. S.E. Coeff. S.E Coeff. S.E

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Food 0.231** 0.020 0.426** 0.027 0.241** 0.022 0.340** 0.048 0.294** 0.033 0.303** 0.031

Textiles 0.123** 0.020 0.603** 0.028 0.184** 0.025 0.352** 0.043 0.487** 0.030 0.307** 0.029

Chemical 0.206** 0.017 0.507** 0.023 0.229** 0.021 0.522** 0.036 0.137** 0.036 0.500** 0.031

Machinery 0.253** 0.015 0.685** 0.018 0.154** 0.017 0.475** 0.026 0.289** 0.025 0.402** 0.022

Note: **Significant at 95 percent level. *Significant at 90 percent level. Bootstrap standard errors are presented
        for semiparametric estimation

Fixed Effects Semiparametric Estimation

Capital Unskilled Labor Skilled Labor Capital Unskilled Labor Skilled Labor 



Sector

Food Exp. plants 138 (19%) 158 (22%) 181 (26%) 209 (30%) 226 (33%) 213 (32%) 225 (33%) 214 (32%) 76 (55%)
Exp. Sales 2.4 (3%) 2.6 (3%) 4.26 (6%) 4.91 (6%) 5.49 (6%) 6.70 (7%) 6.86 (7%) 6.40 (6%) 4.0 (172%)
Dom. sales 72.6 (97%) 76.3 (97%) 72.9 (94%) 76.2 (94%) 81.0 (94%) 86.8 (93%) 93.4 (93%) 98.7 (94%) 26.1 (36%)

Textiles Exp. plants 175 (27%) 164 (25%) 256 (41%) 288 (49%) 302 (54%) 276 (50%) 283 (51%) 274 (50%) 99 (57%)
Exp. Sales 1.1 (8%) 1.1 (8%) 2.3 (17%) 2.9 (18%) 3.4 (20%) 3.3 (19%) 3.2 (18%) 3.1 (18%) 2.0 (181%)
Dom. sales 12.7 (92%) 13.0 (92%) 11.0 (83%) 13.0 (82%) 13.7 (80%) 13.9 (81%) 14.1 (82%) 14.5 (82%) 1.8 (14%)

Chemical Exp. plants 320 (38%) 326 (39%) 374 (45%) 408 (50%) 432 (54%) 424 (53%) 429 (54%) 444 (56%) 124 (39%)
Exp. Sales 6.2 (13%) 7.7 (15%) 10.7 (21%) 10.5 (19%) 10.9 (17%) 11.2 (17%) 12.0 (18%) 12.5 (18%) 6.3 (102%)
Dom. sales 41.4 (87%) 44.1 (85%) 40.2 (79%) 45.1 (81%) 51.7 (83%) 55.1 (83%) 55.0 (82%) 58.4 (82%) 16.9 (41%)

Machinery Exp. plants 398 (40%) 410 (42%) 488 (51%) 522 (57%) 553 (62%) 555 (62%) 561 (63%) 558 (63%) 160 (40%)
Exp. Sales 28.0 (33%) 33.9 (37%) 44.9 (58%) 57.8 (59%) 63.2 (55%) 68.4 (55%) 75.0 (56%) 92.4 (58%) 64.4 (230%)
Dom. sales 57.0 (67%) 56.4 (63%) 32.3 (42%) 40.4 (41%) 52.3 (45%) 56.7 (45%) 59.2 (44%) 67.7 (42%) 10.6 (19%)

Total Exp. plants 1031 (32%) 1058 (33%) 1299 (42%) 1427 (47%) 1513 (52%) 1468 (50%) 1498 (51%) 1490 (51%) 459 (45%)
Exp. Sales 37.6 (17%) 45.2 (19%) 62.1 (28%) 76.1 (30%) 83.0 (29%) 89.5 (30%) 97.0 (30%) 114.4 (32%) 76.7 (204%)
Dom. sales 183.8 (83%) 189.9 (81%) 156.4 (72%) 174.6 (70%) 198.7 (71%) 212.5 (70%) 221.7 (70%) 239.3 (68%) 55.5 (30%)

Note: Sales are measured in billion 1993 pesos

Change (% )

Table 2. Number of exporting plants, domestic sales,  and export sales by industry, 1993-2000

1993 1994 1995 1996 1997 1998 1999 2000 1993-2000



Sector
Food Exit (% all plants) 1.4 1.3 1.4 2.0 0.6 0.0 0.0

Start Export (% domestic) 6.7 6.5 7.1 7.2 3.6 6.7 3.6
Stop Export (% exporting) 13.3 7.1 3.4 6.4 12.1 8.9 12.0
Increase exports >25% 40.2 64.1 42.8 33.5 35.0 26.3 22.7
Decrease exports >25% 21.4 14.5 27.7 25.7 27.9 31.4 37.9

Textile Exit (% all plants) 2.6 4.2 4.8 6.1 0.5 0.5 0.0
Start Export (% domestic) 6.6 23.0 17.5 20.1 7.9 10.9 10.8
Stop Export (% exporting) 24.4 8.0 10.3 13.5 15.0 8.3 13.4
Increase exports >25% 32.3 68.5 56.4 41.4 35.5 24.9 25.7
Decrease exports >25% 33.8 14.8 17.6 20.5 29.7 35.2 33.5

Chemical Exit (% all plants) 1.1 2.3 1.8 1.6 0.6 0.4 0.0
Start Export (% domestic) 11.3 15.9 14.8 14.9 10.7 13.6 13.7
Stop Export (% exporting) 15.9 8.7 8.0 8.1 11.1 10.6 8.4
Increase exports >25% 48.1 59.2 37.2 38.6 36.8 30.2 28.8
Decrease exports >25% 21.2 15.6 22.4 23.3 22.5 30.2 26.0

Machinery Exit (% all plants) 0.9 2.7 4.4 2.7 1.2 0.7 0.0
Start Export (% domestic) 11.5 19.2 15.0 16.6 10.1 12.8 14.6
Stop Export (% exporting) 13.7 6.3 5.9 5.8 6.4 6.5 9.1
Increase exports >25% 50.0 64.7 59.1 56.5 13.0 22.7 26.1
Decrease exports >25% 37.5 11.8 13.6 13.0 30.4 27.3 21.7

Table 3. Heterogenity of plant responses to trade liberalization

1993-1994 1994-1995 1995-1996 1996-1997 1997-1998 1998-1999 1999-2000



Deciles of export 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
distribution

Food 0.01 0.04 0.09 0.22 0.33 0.49 0.62 0.91 1.88 5.30
Textiles 0.00 0.02 0.04 0.10 0.17 0.30 0.50 1.11 1.85 5.78
Chemical 0.00 0.01 0.02 0.04 0.08 0.16 0.34 0.68 1.35 7.33
Machinery 0.00 0.00 0.01 0.02 0.03 0.05 0.10 0.19 0.51 9.05

Food 0.1 0.9 3.6 5.3 4.4 14.9 27.5 16.5 12.8 15.7
Textiles 0.2 0.7 1.4 2.6 4.1 6.7 7.2 13.0 38.1 24.6
Chemical 0.1 0.4 1.7 1.6 3.5 4.7 5.4 15.2 14.4 47.7
Machinery 0.3 1.7 1.6 2.5 7.0 7.0 12.1 15.4 25.4 51.4

Food 0.1 0.4 0.9 2.2 3.3 4.6 6.3 9.2 19.1 53.8
Textiles 0.0 0.2 0.4 1.0 1.7 3.0 4.9 11.4 18.0 59.4
Chemical 0.0 0.1 0.2 0.4 0.8 1.6 3.4 6.8 13.5 73.3
Machinery 0.0 0.0 0.1 0.2 0.3 0.5 1.0 1.9 5.1 90.9

A. The ratio of plant export sales to industry-average export sales

B. Export Intensity (Export sales as a percentage of total sales)

C. Export Share (Percent of industry-total export sales)

Table 4. Heterogeneity of exporting activity in 1993



Industry Contribution
Type Entry/Exit Exp. Cont. Entry/Exit Exp. Cont. Entry/Exit Exp. Cont. Entry/Exit Exp. Cont. Entry/Exit Exp. Cont.

Food Positive 12.1 87.9 8.1 30.2 8.1 35.4 8.2 22.6 9.4 34.0
Negative 10.2 89.8 9.3 33.7 5.6 30.7 6.9 25.8 5.6 32.9

Textiles Positive 14.7 85.3 11.0 65.2 10.9 64.7 13.3 32.3 12.3 55.0
Negative 10.6 89.4 13.9 50.8 13.0 54.9 13.9 30.4 14.9 50.0

Chemical Positive 8.3 91.7 12.6 55.9 8.7 68.0 12.0 38.3 8.0 55.7
Negative 5.3 94.7 10.5 55.4 8.0 65.5 12.6 35.8 9.1 54.3

Machinery Positive 9.3 90.7 6.9 74.6 7.9 84.2 11.1 45.0 14.7 78.9
Negative 1.9 98.1 10.7 61.1 8.5 79.2 14.0 39.2 5.2 65.8

Table 5. Percentage of positive and negative contributions to gross changes in exports, employment, output and productivity
explined by entries into and exits from the export market

Exports Employment Output Unweighted Prod. Weighted Prod.



Variable

Food
const. ‐0.203 ** ‐0.818 ** ‐0.526 ** ‐0.383 ** ‐0.234 ** ‐0.132 ** ‐0.024 0.052 * 0.145 ** 0.374 **
  (Move down omitted)
Stay 0.200 ** 0.327 ** 0.248 ** 0.229 ** 0.158 ** 0.152 ** 0.123 ** 0.116 ** 0.121 ** 0.048
Move up 0.330 ** 0.369 ** 0.304 ** 0.311 ** 0.257 ** 0.244 ** 0.221 ** 0.266 ** 0.307 ** 0.325 **
F‐Test (Stay = Move up) 14.13 ** 0.3 1.29 5.5 * 9.34 ** 8.38 ** 10.29 ** 28.43 ** 18.74 ** 22.89 **

Textiles
const. ‐0.131 ** ‐0.598 ** ‐0.425 ** ‐0.304 ** ‐0.208 ** ‐0.103 ** ‐0.015 0.069 ** 0.201 ** 0.357 **
  (Move down omitted)
Stay 0.147 ** 0.161 ** 0.171 ** 0.147 ** 0.139 ** 0.104 ** 0.084 ** 0.085 ** 0.059 * 0.100
Move up 0.193 ** 0.143 ** 0.234 ** 0.203 ** 0.190 ** 0.178 ** 0.157 ** 0.166 ** 0.147 ** 0.265 **
F‐Test (Stay = Move up) 1.80 0.09 4.34 * 4 * 3.5 * 12.55 ** 8.19 ** 9.05 ** 6.16 * 6.48 *

Chemical
const. ‐0.083 ** ‐0.539 ** ‐0.335 ** ‐0.221 ** ‐0.147 ** ‐0.062 ** 0.010 0.090 ** 0.165 ** 0.322 **
  (Move down omitted)
Stay 0.072 ** 0.102 * 0.082 ** 0.088 ** 0.098 ** 0.073 ** 0.063 ** 0.052 ** 0.085 ** 0.059
Move up 0.183 ** 0.159 ** 0.155 ** 0.147 ** 0.159 ** 0.139 ** 0.172 ** 0.169 ** 0.180 ** 0.263 **
F‐Test (Stay = Move up) 32.73 ** 2.01 9.06 ** 7.4 ** 14.26 ** 13.64 ** 27.63 ** 41.37 ** 15.97 ** 35.37 **

Machinery
const. ‐0.080 ** ‐0.557 ** ‐0.329 ** ‐0.215 ** ‐0.131 ** ‐0.058 ** 0.016 0.094 ** 0.189 ** 0.340 **
  (Move down omitted)
Stay 0.092 ** 0.189 ** 0.118 ** 0.097 ** 0.086 ** 0.069 ** 0.059 ** 0.046 * 0.038 * 0.042
Move up 0.188 ** 0.225 ** 0.183 ** 0.153 ** 0.150 ** 0.148 ** 0.141 ** 0.162 ** 0.176 ** 0.224 **
F‐Test (Stay = Move up) 35.10 ** 1.20 7.87 ** 12.33 ** 18.64 ** 25.49 ** 33.16 ** 43.31 ** 46.99 ** 31.75 **

Note: **Significant at 99 percent level. *Significant at 90 percent level.

90th40th 50th 60th 70th 80th

Table 6. Quantile regression estimation results. Dependent variable: Year to year change in TFP

(6) (7) (8) (9) (10)(1) (2) (3) (4) (5)

OLS Quantile Regression Results by Percentile
10th 20th 30th



Variable

Food
const. ‐0.020 ‐0.742 ** ‐0.338 ** ‐0.191 ** ‐0.109 * ‐0.016 0.123 * 0.277 ** 0.355 ** 0.511 **
  (Bottom 30% omitted)
Middle 40% 0.143 * 0.195 0.087 0.115 0.118 * 0.113 * 0.064 0.050 0.209 * 0.238
Top 30% 0.221 ** 0.403 ** 0.256 * 0.202 * 0.207 ** 0.172 * 0.115 0.050 0.056 0.124
F‐Test (Mid 40% = Top 30%) 1.730 3.630 * 3.210 * 2.100 2.950 * 1.320 0.850 0.000 4.210 * 0.680

Textiles
const. 0.018 ‐0.637 ** ‐0.330 ** ‐0.192 ** ‐0.057 0.000 0.085 0.138 * 0.274 ** 0.427 *
  (Bottom 30% omitted)
Middle 40% ‐0.007 0.089 0.108 0.056 0.013 0.064 0.054 0.086 0.067 0.123
Top 30% 0.137 0.340 * 0.181 * 0.153 * 0.097 0.123 * 0.099 0.131 * 0.156 0.305
F‐Test (Mid 40% = Top 30%) 5.200 * 5.750 * 1.310 4.490 * 3.840 * 1.980 1.070 0.970 1.430 1.630

Chemical
const. ‐0.010 ‐0.633 ** ‐0.255 ** ‐0.139 ** ‐0.058 * 0.014 0.095 * 0.205 ** 0.287 ** 0.405 **
  (Bottom 30% omitted)
Middle 40% 0.093 * 0.240 ** 0.047 0.052 0.052 0.032 0.065 0.042 0.065 0.161 *
Top 30% 0.203 ** 0.413 ** 0.156 * 0.151 ** 0.138 ** 0.124 ** 0.136 * 0.085 * 0.096 0.262 *
F‐Test (Mid 40% = Top 30%) 7.400 ** 5.830 * 5.820 * 5.560 * 8.860 ** 6.860 ** 1.820 1.650 0.380 1.760

Machinery
const. 0.003 ‐0.499 ** ‐0.293 ** ‐0.156 ** ‐0.086 ** ‐0.016 0.120 ** 0.205 ** 0.284 ** 0.468 **
  (Bottom 30% omitted)
Middle 40% 0.091 * 0.186 ** 0.147 ** 0.094 ** 0.093 ** 0.077 * 0.013 0.027 0.069 0.095
Top 30% 0.196 ** 0.295 ** 0.224 ** 0.182 ** 0.177 ** 0.159 ** 0.119 ** 0.123 * 0.162 ** 0.158
F‐Test (Mid 40% = Top 30%) 10.490 ** 3.210 * 2.720 * 11.660 ** 12.660 ** 6.680 ** 9.910 ** 6.210 * 5.650 * 0.670

Note: **Significant at 99 percent level. *Significant at 90 percent level.

(7) (8) (9) (10)(1) (2) (3) (4) (5) (6)

Table 7. Quantile regression estimation results. Dependent variable: Year to year change in TFP. By Destination

50th 60th 70th 80th 90th
OLS Percentile

10th 20th 30th 40th




