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Today’s Agenda

I Brief overview of firm distribution and misallocation in developing
countries (Hsieh and Klenow, 2009, 2014) (can talk more about this
in the future).

I Summary of Tybout (2000) about the major challenges facing
developing countries.

I Four papers from Section 3: Trade Liberalization, Efficiency,
Quality, and other Macroeconomic Consequences

I Pavcnik on Chile (2002), Verhoogen on Mexico (2008), Bustos
on Argentina (2011), and Khandelwal and Topalova on India
(2011).

I Next time: developed countries.



Tybout (2000 Journal of Economic Literature)

I “The Manufacturing sector is often the darling of policy makers in
less developed countries (LDCs).”

I Job creation, economic growth, technology transfer, all sort of
positive externalities.

I Developing countries’ government implemented policies to promote
manufacturing exports.

I But oftentimes, it is the domestic policy distortion that hinders the
development of manufacturing sectors.



Tybout (2000)
Benefits of Industrialization?
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Figure 1. Size of the Manufacturing Sector and Level of Development 
Source: Author's calculations based on the World Bank's World Development Indicators 1997. 

LDC manufacturers that trace to struc- 
tural characteristics of their economies 
from those induced by industrial, trade, 
or labor policies. Next, drawing on the 
available evidence, I will take up the is- 
sue of whether small firms have been 
somehow suppressed, and more gener- 
ally, whether the LDC business envi- 
ronment has bred noncompetitive pricing 
behavior and low productivity. Finally, I 
will address the question of how trade 
protection has conditioned pricing, 
efficiency, and productivity growth. 

2. The Business Environment: 
What's Different in LDCs? 

In terms of income levels and busi- 
ness environment, the countries typi- 
cally labeled "developing" are a very 

heterogeneous group. By the World 
Bank's reckoning they currently span the 
per capita income range from $US 80 
(Mozambique) to $US 8,380 (Argen- 
tina). 8 Nonetheless, looking across 
countries, some distinctive features of 
the business environment become in- 
creasingly evident as one moves down 
the per capita income scale. At the risk 
of over-simplifying, I will begin by men- 
tioning the most striking and widely 
acknowledged among them. 

Market size. Although some develop- 
ing economies are quite large, most are 
not. Hence. exceDting countries like 

8 This income range describes all countries that 
are not classified by the World Bank as high in- 
come or transition. Figures are taken from the 
World Bank's World Development Indicators 
1998. 
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Tybout (2000)
Common issues in LDCs

I Small market size

I Limited access to foreign inputs, capital, and technology

I Low rates of education

I Limited infrastructure

I Volatility/ policy uncertainty

I Bad governance



Tybout (2000)
Outcomes

I A lot of small firms (the “missing middle” phenomenon)

I A few large firms dominate policies, block entry, have special access
to governments and banks.

I Small firms grow too slowly.

I Are small firms always more efficient? Not necessarily, but some of
them are.

I Small firms account for a much larger employment share in LDCs.

I High productivity and firm size dispersion in LDCs. A symptom of
inefficient policies?

I How can trade openness help solve some of these problems?



Figure 14:  Distribution of Establishment Size 

0

.05

.1

.15

.2

 

1 4 16 64 256 1024 4096
 

India

0

.05

.1

.15

.2

 

1 4 16 64 256 1024 4096
 

Mexico

0

.05

.1

.15

.2

 

1 4 16 64 256 1024 4096
 

U.S.

S
ha

re
 o

f P
la

nt
s

Employment

 
Sources:  2010-2011 ASI-NSS (India), 1998 Economic Census (Mexico), and 1997 
Manufacturing Census (U.S.).  Plants are weighted by the per-plant value-added share of each 
four digit industry. 



Figure 3: Employment Share by Age in the Cross-Section 
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Notes: 2010-2011 ASI-NSS (India), 2003 Economic Census (Mexico), and 2002 Manufacturing 
Census (U.S.).  For India, employment includes paid, unpaid, and contract workers.  In Mexico 
employment includes paid and unpaid workers at fixed-location establishments.  For the U.S. 
employment covers all manufacturing establishments with at least one employee.



Rodrik (2015): However, premature deindustrialization
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I Source: Rodrik (2015)



Growth Accounting

I
Y

L
= A× F

(
K

L
,

H

L

)
,

I where A stands for total factor productivity of the country, F is the
aggregate production function, turning capital (K ) and labor (L)
into output.

I US 1961-2011 annual growth rates:

gY/L gF gA

2.31% 1.14% 1.17%

I Source: Klenow (2012) and US Bureau of Labor Statistics



Why are developing countries so much poorer than the
developed ones?

I Ratio of the rich (90th percentile) to poor (10th percentile)
countries:

Y

L︸︷︷︸
24

= A︸︷︷︸
3−6

× F

(
K

L
,

H

L

)
︸ ︷︷ ︸

4−8

I Source: Caselli (2005), Erosa, Koreshkova and Restuccia
(2010).

I There are many reasons why A is different so much across countries
(lower technology and know-how, institutions (broadly defined),
geography).

I A recent literature looks at the misallocation of resources across
firms (partly related to institutions).



Basic ideas and detecting and gauging the magnitude of
misallocation

I

Yi = AiF (Ki , Li )

I Real total factor productivity (TFP) = Ai

I Revenue TFP = PiAi

I Micro 101: PiAi is proportional to marginal products (which should
be under firms’ profit maximization), PiAi should be equal across all
firms.

I Intuition: Given market wages (w) and rental costs (r), firms
optimally set (revenue) marginal products of capital and labor,
respectively to w and r .



Hsieh and Klenow (2009)
Productivity Distribution

I Is it true that developing countries tend to have a more dispersed
total factor productivity (TFP) distribution across firms?

MISALLOCATION AND TFP IN CHINA AND INDIA 1419
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FIGURE II
Distribution of TFPR

For India and China, Table III gives the cumulative percent-
age of the variance of TFPR (within industry-years) explained by
dummies for ownership (state ownership categories), age (quar-
tiles), size (quartiles), and region (provinces or states). The results
are pooled for all years, and are cumulative in that “age” includes
dummies for both ownership and age, and so on. Ownership is less
important for India (around 0.6% of the variance) than in China
(over 5%). All four sets of dummies together account for less than
5% of the variance of TFPR in India and 10% of the variance of
TFPR in China.
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Hsieh and Klenow (2009)
The gains from removing policy distortion

I What is the aggregate TFP gain if all policy distortion is removed
so that marginal products of capital and labor, respectively, are
equalized across firms within sectors?

MISALLOCATION AND TFP IN CHINA AND INDIA 1421

TABLE IV
TFP GAINS FROM EQUALIZING TFPR WITHIN INDUSTRIES

China 1998 2001 2005

% 115.1 95.8 86.6

India 1987 1991 1994

% 100.4 102.1 127.5

United States 1977 1987 1997

% 36.1 30.7 42.9

Notes. Entries are 100(Yefficient/Y− 1) where Y/Yefficient = ∏S
s=1[

∑Ms
i=1( Asi

As
TFPRs
TFPRsi

)σ−1]θs/(σ−1) and

TFPRsi ≡ Psi Ysi
Kαs

si (wsi Lsi )1−αs
.

errors are to explain these results, they clearly have to be much
bigger in China and India than the United States.16

Figure III plots the “efficient” vs. actual size distribution of
plants in the latest year. Size here is measured as plant value-
added. In all three countries the hypothetical efficient distribu-
tion is more dispersed than the actual one. In particular, there
should be fewer mid-sized plants and more small and large plants.
Table V shows how the size of initially big vs. small plants would
change if TFPR were equalized in each country. The entries are
unweighted shares of plants. The rows are initial (actual) plant
size quartiles, and the columns are bins of efficient plant size
relative to actual size: 0%–50% (the plant should shrink by a half
or more), 50%–100%, 100%–200%, and 200+% (the plant should
at least double in size). In China and India the most populous col-
umn is 0%–50% for every initial size quartile. Although average
output rises substantially, many plants of all sizes would shrink.
Thus many state-favored behemoths in China and India would be
downsized. Still, initially large plants are less likely to shrink and
more likely to expand in both China and India (a pattern much
less pronounced in the United States). Thus TFPR increases with
size more strongly in China and India than in the United States.
The positive size-TFPR relation in India is consistent with Baner-
jee and Duflo’s (2005) contention that Indian policies constrain its
most efficient producers and coddle its least efficient ones.

16. In India, the variation over time is not due to the smaller, sampled plants
moving in and out of the sample. When we look only at larger census plants the
gains are 89%–123%.
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Figure 4:  Average Employment over the Life-Cycle  
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Notes:  Employment growth imputed from the 1992 and 1997 U.S. Manufacturing Censuses, the 1998 and 2003 Mexican Economic Censuses, 
and the 1994-1995 and 2010-2011 Indian ASI-NSS.  Employment of the youngest age group is normalized to 1 in each country.  We compare 
average employment per surviving plant in a later year to average employment per operating plant in the same cohort in the earlier year.  See 
text for details.



Hsieh and Klenow (2009)
Letting go the State-owned Enterprises in China1432 QUARTERLY JOURNAL OF ECONOMICS

Surviving SOEs

All SOEs

−0.45

−0.425

−0.4

−0.375

−0.35

−0.325

−0.3

1998 1999 2000 2001 2002 2003 20042004 2005

TFPR

Surviving SOEs

All SOEs

−0.4

−0.3

−0.2

−0.1

0

0.1

0.2

0.3

0.4

0.5

1998 1999 2000 2001 2002 2003 20042004 2005

TFPQ

FIGURE IV
TFPR and TFPQ of Chinese State-Owned Firms

so four-digit industries in China. We regress the industry variance
of log TFPR on the industry share of plants owned by the state.
The relationship is positive and significant in both 1998 and 2001,
with a 1% higher state share of plants associated with about 0.7%
higher TFPR dispersion. The relationship is no longer significant
by 2005, and Figure IV shows why. State-owned plants have much
higher relative TFPR in 2005 than in 2001; some of this is due to
exit of the least productive state plants, but the figure shows a siz-
able increase in the relative TFPR of surviving plants as well.21

21. Among state-owned plants in 1998, those privatized by 2005 had 11%
higher TFPR (and 26% higher TFPQ) than state-owned plants exiting by 2005.
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Hsieh and Klenow (2009)
Reducing the licensing costs in IndiaMISALLOCATION AND TFP IN CHINA AND INDIA 1435
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FIGURE V
TFPR and TFPQ Growth in Delicensed Sectors in India

VII. ALTERNATIVE EXPLANATIONS

We now entertain alternative explanations for TFPR disper-
sion besides policy distortions and measurement error. Specif-
ically, we briefly examine varying markups with plant size,
adjustment costs, unobserved investments (such as R&D), and
varying capital elasticities within industries. All of these surely
contribute to TFPR dispersion in all three countries, but our ques-
tion is whether they might explain the wider TFPR dispersion in
China and India than in the United States.
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Pavcnik on Chile (2002)

I Estimate the effects of a decrease in domestic tariffs (increased
import competition) on firm productivity.

I Hypothesize that the increased import competition after
liberalization may have the following consequences:

I Inefficient producers may be forced out of the market (the
extensive margin emphasized by Melitz (2003)).

I Lower output prices cause domestic producers to increase
output, and move down their average cost curve (due to
increasing returns to scale).

I Increase competition causes plants to ”trim their fat” (reduce
X-inefficiencies.)

I May import ”better” inputs.



Chile’s Trade Policy

I Between 1974 and 1979 Chile underwent significant trade
liberalization.

I Tariffs were reduced to 10% across the board by 1979.

I From 1983 to 1984 tariffs increased to 35%.

I By 1985, tariffs were reduced to 20%.

I Pavcnik’s analysis examines 1979 to 1986.



Estimating Plant-Level Productivity
A challenging task

I Production function of a plant (in log):

yit = β0 + βxit + βkkit + ωit + µit

I xit are variable factors of production.

I kit is the plant’s stock of capital.

I ωit is plant-specific productivity, which is known to the plant, but
not to the econometrician.

I µit is a productivity shock unknown to the plant or the
econometrician.



Estimation Biases

I The first and foremost fundamental issue: How to tackle price and
quality differences across firms?

I Simultaneity bias:

I ωit will affect a firm’s choice of inputs (materials, labor, and
capital) as well as output.

I Therefore, β and βk will be biased upward.

I Selection bias:

I All else equal, given a low realization of productivity, firms
with more capital are more likely to continue to operate.

I The expected productivity of an operating firm is decreasing in
its capital stock and βk will be biased downward.



Solutions?

I There are a lot of technical details in the paper, which we will skip.

I The basic idea is to find an exogenous variable to serve as an
instrument (that affects productivity but not output).

I Pavcnik (2002) argue that investment will affect capital stock next
period but not this period, which appears to satisfy the exogeneity
criteria of an instrument.

I In particular, Pavcnik estimates the following equation

yit = β0 + βxit + βkkit + ωit + µit

yit = β0 + βxit + βkkit + θit (kit , iit) + µit ,

I where the productivity term ωit is now replaced by θit (kit−1, iit−1) is
a polynomial of both kit−1 and iit−1

I e.g., δ2k2
it−1 + δ3k3

it−1 + δ4k4
it−1 + γ2i2it−1 + γ3i3it−1 + γ4i4it−1



Estimation Procedures

I She estimates the production function in two stages:

I The first stage is to obtain β (the elasticity on labor and
material).

I The second stage is to obtain βk , with the probability of
survival taken into account.

I With β, βk , and the polynomial formula, firm productivity can
be calculated.



Production Function Estimates
PAVCNIK TRADE LIBERALIZATION 261 

TABLE 2(a) 

Comparison of the semiparametric estimates of production functions 

(1) (2) 

Coef. S.E. Coef. S.E. 

Food Unskilled labour 0.153 0007 0-081 0-012 
processing Skilled labour 0.098 0.009 0.119 0.011 

Materials 0.735 0.008 0.723 0.011 
Capital 0.079 0.034 0.070 0.030 
N 7085 2806 

Textiles Unskilled labour 0.215 0.012 0.183 0.020 
Skilled labour 0.177 0.011 0.166 0.015 
Materials 0.637 0.097 0.626 0.014 
Capital 0.052 0.034 0.056 0 032 
N 4265 1591 

Wood Unskilled labour 0.195 0.015 0.149 0.023 
Skilled labour 0.130 0.014 0.134 0.023 
Materials 0.679 0.010 0.654 0.019 
Capital 0.101 0.051 0.107 0.020 
N 2154 692 

Paper Unskilled labour 0.193 0.024 0 120 0.032 
Skilled labour 0 203 0.018 0.224 0.025 
Materials 0.601 0.014 0.594 0.023 
Capital 0.068 0.018 0.138 0.046 
N 1145 494 

Chemicals Unskilled labour 0.031 0.014 0.018 0.017 
Skilled labour 0.194 0.016 0.188 0.019 
Materials 0.673 0.012 0.666 0.018 
Capital 0.129 0.052 0.138 0.021 
N 2087 1247 

Glass Unskilled labour 0426 0.035 0.400 0.049 
Skilled labour 0.183 0.036 0.132 0.059 
Materials 0 522 0.024 0.489 0.038 
Capital 0.142 0.053 0.113 0.040 
N 666 294 

Basic metals Unskilled labour 0.121 0.041 0.117 0.063 
Skilled labour 0.117 0.043 0.116 0.074 
Materials 0.727 0.032 0.753 0.037 
Capital 0.110 0.051 0.079 0.029 
N 255 158 

Machinery Unskilled labour 0.178 0.015 0.089 0.021 
Skilled labour 0 202 0.012 0.231 0.016 
Materials 0.617 0.009 0.626 0.013 
Capital 0.051 0.013 0.119 0.057 
N 3268 1520 

Note: All standard errors are bootstrapped using 1000 replications. 

and the bar over a variable indicates a mean over all plants in a base year. So, Yr is the 
mean log output of plants in my base year, 1979, and Yr is the predicted mean log output in 
1979. This productivity measure presents a logarithmic deviation of a plant from the mean 
industry practice in a base year. 

To check the importance of productivity gains stemming from the reshuffling of 
resources from the less to more efficient plants I compute aggregate industry productivity 
measures for each year. In a given year the aggregate industry productivity measure Wt is 
a weighted average of the plants' individual unweighted productivities prit with an indi- 
vidual plant's weight sit corresponding to its output's share in total industry output in a 



The Effects of Trade Liberalization (Import Competition)

I Regression specification:

prit = α0+α1 (Time)it+α2 (Trade)it+α3 (Trade × Time)it+α4Zit+νit

I prit is the productivity of plant i in year t.

I Timeit is a vector of year indicators.

I 1979 is the omitted (baseline) category.

I Tradeit is a vector of trade-orientation indicators.

I Non-traded industries is the omitted category.
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Findings and Concerns

I Core result: large productivity improvements for import competing
plants, but not for exporting plants.

I Issues:

I Chiles currency appreciated significantly in 1980 and 1981, and
then depreciated in 1982.

I Because the price of exports rise, this will decrease the demand
of exporting plants (relative to non-traded goods plants).

I Because imported goods are now cheaper, this will also
decrease the demand of import competing plants.

I Lower demand may result in lower productivity.



Verhoogen (2008)
Main Message

I More productive plants produce higher-quality goods than less
productive plants, and they pay higher wages to maintain a
higher-quality workforce.

I Causal?

I Attempt to establish causal impact: Use an exchange rate
devaluation as a shock to export entry.

I Using the late-1994 peso crisis as a source of variation and a variety
of proxies for plant productivity: initially more productive plants
increased the export share of sales, white-collar wages, blue-collar
wages, the relative wage of white-collar workers, and ISO 9000
certication more than initially less productive plants.

I In addition to the trade-quality-upgrade hypothesis, the paper shows
that trade-induced quality upgrading raised within-industry wage
inequality.



Verhoogen (2008)
Background of the Peso Crisis in 1994

I Years prior to the peso crisis, the Mexican peso was pegged with the
USD within a narrow band (0.0004 pesos/day from Oct 92 to Dec
94).

I Persistent trade and current-account deficits led to mounting
pressure on government reserves.

I The new Mexican government under President Ernesto Zedillo
raised he exchange-rate band by more than 15%, triggering a
speculative attack and forcing the peso to float eventually.

I It was widely perceived that the devaluation was unanticipated
(good in nature as an instrument for regression analysis).



Verhoogen (2008)
Peso Exchange Rate
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FIGURE III
Real Exchange Rate, 1984–2002

Notes. Real exchange rate calculated as RER = e × CPI(US)/CPI(Mex), where e
is the peso/US$ nominal exchange rate. Data from IMF International Financial
Statistics.

Dec. 1, 2004, the black market exchange rate (available monthly)
and the official exchange rate coincided almost exactly.9

The devaluation led to a major economic contraction in
Mexico, with GDP dropping by 6.2% (at constant prices) from
1994 to 1995. Nominal wages remained roughly constant through
the crisis and labor costs for Mexican manufacturers fell in real
peso or dollar terms. The average wage for a male full-time worker
with nine years of education fell from approximately US$1.50 per
hour to approximately US$0.90 per hour from 1994 to 1995, rising
back to only US$1.10 per hour by 1999.10

It is worth emphasizing that the peso crisis was a much larger
shock than the North American Free Trade Agreement (NAFTA),
which had taken effect the previous January. By 1993, after eight
years of liberalizing policies, almost all Mexican quotas and other
nontariff barriers had been removed, and approximately 95% of all
imports into Mexico were covered by tariffs of 20% or less. On the
U.S. side, approximately 80% of imports were covered by tariffs
of 5% or less. A majority of commodities were assigned phase-out

9. The black market rates are from Global Financial Data (http://www.
globalfinancialdata.com/). See Figure A3 in Appendix II (online).

10. These figures are from the ENEU household survey. For details, refer to
Appendix II (online).
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Verhoogen (2008)
NAFTA or Weaker Peso?

I Verhoogen (2008) claims that the peso crisis was a much larger
shock than the North American Free Trade Agreement (NAFTA).

I By 1993 (the year before NAFTA was implemented), almost all
Mexican quotas and other non-tariff barriers had been removed;

I Approximately 95% of all imports into Mexico were covered by
tariffs of < 20%.



Verhoogen (2008)
How would exchange rate matter?

I e.g. The Volkswagen plant in Puebla, Mexico, the sole world
producer of the New Beetle and the sole North American producer
of the Jetta.

I Until July 2003, the plant also produced the Original Beetle, almost
all of which were sold in Mexico.

I There are clear quality differences between the Original Beetle and
the newer models – the New Beetle, Jetta, and Golf

I Huge price differences: in 2003, the New Beetle was selling for
USD$17,750, the Jetta for US$15,000, and the Original Beetle for
US$7,500.

I Volkswagen’s (and other firms’) share of exports in total sales rose
sharply due to

I Collapse of the domestic market because of the economic crisis;
I A much weaker peso lowers export prices (from the perspective

of foreign buyers).



Verhoogen (2008)
Volkswagen’s Export Product Mix
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Notes: Output measured in physical units. Omitted model from upper curve is
the Original Beetle. Data from bulletins of the Asociación Mexicana de la Industria
Automotriz (Mexican Automobile Industry Association).

schedules of five or more years. Tariff changes under NAFTA for
the majority of commodities were thus typically on the order of
a few percent per year or less. A common view among observers
in Mexico is that NAFTA’s main role was as a commitment to the
general program of liberalization begun in the mid-1980s, rather
than as a marked change in trade costs.

How did the manufacturing sector respond to the peso crisis?
Consider the example of the Volkswagen plant in Puebla, Mexico.
The Puebla plant is the sole world producer of the New Beetle
and the sole North American producer of the Jetta. Until July
2003, the plant also produced the Original Beetle, almost all of
which were sold in Mexico. There are clear quality differences be-
tween the Original Beetle and the newer models, the New Beetle,
Jetta, and Golf (a model from which the New Beetle borrows many
components).11 These differences are reflected in prices: in July
2003, the New Beetle was selling for US$17,750, the Jetta for
US$15,000, and the Original Beetle for US$7,500. Figure IV il-
lustrates the effect of the peso crisis on the plant’s product mix.

11. For example, the New Beetle and the Jetta have automatic window-raising
mechanisms; the windows of the Original Beetle have to be cranked up by hand.
The seats of the New Beetle and Jetta consist of polyurethane foam; the seats of
the Original Beetle are made partly of lower-quality foam and partly of coconut
fibers, a cheaper substitute.
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Increasing Export Activities

498 QUARTERLY JOURNAL OF ECONOMICS

0

2

4

6

8

10

12

14

16

18

1993 1995 1997 1999 2001

E
xp

or
t 

%
 o

f s
al

es

25

30

35

40

45

50

%
 o

f p
la

nt
s 

ex
po

rt
in

g

Export % of sales

% of plants exporting

FIGURE V
Shift toward Exporting, 1993–2001

Notes: Data from EIA 1993–2001 panel. Export percentage of sales calculated
as (total exports for all plants)/(total sales for all plants). Plants with exports
greater than zero classified as exporting. Further details on data set in Section IV
of the text and Appendix II (online).

over the period 1993–2001;13 the shift toward exporting is evi-
dent.14 More than 80% of Mexican exports over the period went
to the United States; the increase in exports thus largely repre-
sents an increase in sales on the U.S. market. Generalizing from
the Volkswagen example, it appears likely that the increase in
exports to the United States was accompanied by an increase in
the average quality of goods produced and an upgrading of the
workforce in exporting plants.

III. THEORY

To provide a framework for the empirical analysis, this
section outlines a model that formalizes the quality-upgrading
process as it played out at Volkswagen and, as anecdotal evidence
suggests, across broad segments of the Mexican manufacturing
sector. The model is partial-equilibrium, implicitly focused on a
single industry that is small relative to the economy as a whole.

13. The data set is described in more detail in Section IV and in Appendix II
(online).

14. It is a puzzle that the export share did not decline as the peso reappreci-
ated after the peso crisis, but given this, we would not expect the quality-upgrading
process to have reversed itself in the 1997–2001 period.
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The theoretical predictions are quite similar to Melitz
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FIGURE VI
Average Quality

λmin
n enter the export market; the solid curve represents actual

average quality as a function of λ, taking into account entry pat-
terns. In practice it is rare to have data by production line within
plants. In the Mexican data, we observe plant-level averages,
analogous to the solid curve. As equations (5a)–(5e) indicate, the
model predicts cross-sectional patterns similar to the solid curve
for observed white-collar wages, blue-collar wages, and capital
intensity.

III.D. Discussion of Effects of Exchange-Rate Devaluation

In the context of this model, we can think of the devaluation
and the ensuing recession as having two effects: an increase in
the real exchange rate, δn, and a decline in the number of domes-
tic consumers, Ns. Under plausible conditions, the shock has the
effects illustrated by Figure VII.24 Quality on the domestic pro-
duction line, q∗

s (λ) does not depend on either δn or Ns and hence is
unaffected by the exchange-rate shock. Quality on the export line,
q∗

n(λ), increases to q∗
n(λ)′, because the peso devaluation reduces

Southern plants’ cost of producing quality relative to Northern
demand. The dotted average quality line, q∗(λ), shifts up to q∗(λ)′

with the crisis, both because the q∗
n(λ) curve shifts up and because

24. Refer to the working paper (Verhoogen 2007) for a discussion of the
conditions.
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Verhoogen (2008)
Empirical Specification

I

4yijr = α + λ̃ijrβ + ψj + ξr + uijr

I where i , j , and r index plants, industries, and states, respectively.

I 4yijr is one of the outcome variables: changes in export share,
capital intensity, white-collar wages, blue-collar wages;

I α is a constant;
I λ̃ijr is a proxy for entrepreneurial ability;
I ψj is an industry fixed effect;
I ξr is a state fixed effect;
I uijr is a mean-zero error term.

I Verhoogen estimates this specification for four periods: 1986 to
1989, 1989 to 1993, 1993 to 1997, and 1997 to 2001.

I The hypothesis is that



I Data: Annual Panel Survey Data for Large Firms (Source: INEGI,
Mexican Govt’ Stat Agency)
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TABLE II
BASELINE ESTIMATES, EIA 1993–2001 PANEL

A. Cross-sectional regressions, 1993

Export share log(white- log(blue-collar log(wage log(K/L White-collar
of sales collar wage) wage) ratio) ratio) emp. share

(1) (2) (3) (4) (5) (6)

log domestic sales, 1993 −0.001 0.209∗∗∗ 0.133∗∗∗ 0.075∗∗∗ 0.343∗∗∗ 0.010∗∗∗

[0.003] [0.008] [0.006] [0.008] [0.017] [0.002]
R2 0.220 0.391 0.358 0.185 0.370 0.343

B. Differential changes, 1993–1997 and 1997–2001

� (export share � log(white- � log(blue- � log(wage � log(K/L � (white-coll.
of sales) collar wage) collar wage) ratio) ratio) emp. share)

(1) (2) (3) (4) (5) (6)

OLS regressions
1993–1997 log domestic sales, 1993 0.020∗∗∗ 0.072∗∗∗ 0.036∗∗∗ 0.036∗∗∗ 0.083∗∗∗ −0.002

[0.002] [0.008] [0.006] [0.009] [0.011] [0.002]
R2 0.173 0.15 0.129 0.09 0.134 0.111

1997–2001 log domestic sales, 1997 0.007∗∗∗ 0.016∗∗ 0.008 0.008 0.026∗∗∗ −0.001
[0.002] [0.007] [0.005] [0.007] [0.009] [0.001]

R2 0.123 0.088 0.092 0.075 0.107 0.102

Difference (1993–1997 vs. 1997–2001) 0.014∗∗∗ 0.056∗∗∗ 0.028∗∗∗ 0.028∗∗ 0.057∗∗∗ −0.002
[0.003] [0.010] [0.007] [0.011] [0.014] [0.002]

IV regressions
1994–1997 log domestic sales, 1994 0.014∗∗∗ 0.058∗∗∗ 0.033∗∗∗ 0.026∗∗∗ 0.058∗∗∗ 0.000

[0.002] [0.007] [0.005] [0.008] [0.009] [0.002]
R2 0.161 0.148 0.118 0.093 0.119 0.092

1998–2001 log domestic sales, 1998 0.004∗∗ 0.005 0.004 0.001 0.016∗∗ −0.001
[0.002] [0.006] [0.004] [0.007] [0.008] [0.001]

R2 0.111 0.082 0.097 0.077 0.102 0.099

Difference (1993–1997 vs. 1997–2001) 0.010∗∗∗ 0.053∗∗∗ 0.029∗∗∗ 0.024∗∗ 0.042∗∗∗ 0.001
[0.003] [0.009] [0.007] [0.010] [0.012] 0.002

Notes. Table reports coefficients on log domestic sales for 30 separate regressions. (Covariate at left; dependent variables at top, with changes in Panel B over period at left.) All
regressions include 205 industry (six-digit) and 32 state dummies. IV regressions instrument log domestic sales in 1994 and 1998 with values from previous year. N = 3, 263 for all
regressions. Variable definitions in Appendix I. Further details on data set in Section IV of the text and Appendix II (online). Robust standard errors in brackets. Standard errors on
differences allow for cross-equation correlation. ∗∗∗ indicates significance at 1% level, ∗∗ at 5% level, ∗ at 10% level.
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More Results - Skill Upgrading
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TABLE IV
ESTIMATES FROM EIA-ENESTyC PANEL

A. Cross-sectional regressions, 1993

ISO 9000 White-collar Blue-collar Has formal Turnover Accident Absentee
certification avg. schooling avg. schooling training rate rate rate

(1) (2) (3) (4) (5) (6) (7)

Log domestic sales, 1993 0.023∗∗ 0.286∗∗∗ 0.156∗∗∗ 0.049∗∗∗ −20.239∗∗∗ −0.802∗∗∗ −0.250∗∗∗

[0.011] [0.067] [0.058] [0.017] [2.995] [0.216] [0.044]
N 844 590 590 843 751 828 515
R2 0.154 0.258 0.240 0.117 0.168 0.∗206 0.245

B. Differential Responses, 1993–1997 and 1997–2001

� ISO 9000 � white-collar � blue-collar � has formal � turnover � accident � absentee
certification avg. schooling avg. schooling training rate rate rate

(1) (2) (3) (4) (5) (6) (7)

1993–1997 Log domestic sales, 1993 0.079∗∗∗ −0.105 0.204∗∗∗ 0.008 1.067 0.219 −0.025
[0.018] [0.104] [0.078] [0.020] [4.224] [0.247] [0.093]

R2 0.171 0.164 0.194 0.1 0.184 0.141 0.243

1997–2001 Log domestic sales, 1997 0.036∗∗∗ 0.058 −0.023 −0.024 −4.294 0.045 −0.140
[0.015] [0.088] [0.075] [0.017] [4.655] [0.222] [0.093]

R2 0.127 0.151 0.173 0.082 0.161 0.134 0.138

Difference (1993–1997 vs. 1997–2001) 0.042∗ −0.163 0.228∗∗ 0.032 5.361 0.174 0.115
[0.024] [0.136] [0.109] [0.026] [6.286] [0.332] [0.131]

N 844 484 484 836 513 713 354

Notes. Table reports coefficients on log domestic sales for 21 separate regressions. (Covariate at left; dependent variables at top, with changes in Panel B over period at left.) All
regressions include dummies for 50 industries (four-digit) and 32 states. Data on ISO 9000, training, turnover rate, accident rate, absentee rate from 1994, 1998, 2000; on schooling
from 1991, 1998, 2000. Since requiring plants to have complete data on all variables would have reduced the panel prohibitively, I allow the sample size to change across columns.
Variable definitions in Appendix I. Further details on data set in Section IV of the text and Appendix II (online). Robust standard errors in brackets. Standard errors on differences
allow for cross-equation correlation. ∗∗∗ indicates significance at 1% level, ∗∗ at 5% level, ∗ at 10% level.
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Bustos (2011)
Main Message

I Study the impact of a regional free trade agreement, MERCOSUR,
on technology upgrading by Argentinean firms.

I Introduce technology choice in Melitz (2003), who treats technology
as exogenous.

I Trade integration ⇒ higher revenue ⇒ induce exporters to upgrade
technology, which requires fixed costs.

I Empirical findings: firms in industries facing higher reductions in
Brazil’s tariffs increase investment in technology faster.

I The effect of tariffs is strongest in the upper-middle range of the
firm-size distribution.



Bustos (2011)
Theoretical Predictions

I The price index falls due to increased import competition;

I The exit productivity cutoff increases;

I The productivity cutoff for exporting decreases;

I The productivity cutoff for adopting the advanced technology (there
are two tech options in the model) decreases;

I Expected profits increase;

I The fraction of surviving firms that export and the fraction of
surviving of firms that upgrade technology both increase.
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Note that the assumption that both countries are identical and trade costs are sym-
metric implies that the price index ​(P)​ and the expenditure level ​(E)​ in foreign mar-
kets are the same as at home. Exporting and technology choices are represented in 
Figure 1, where the four possible profits are depicted as a function of firm productiv-
ity.12 The equilibrium depicted is obtained when  ​φ​x​​ < φ​h​, where ​φ​x​ is defined as the 
level of productivity above which a firm using technology l finds exporting profitable
[​π​ l​ d​(​φ​x​) = ​π​ l​ x​(​φ​x​)] and ​φ​h​ is defined as the level of productivity above which an 
exporter finds adoption of technology h profitable [​π​ h​ x

 ​(​φ​h​) = ​π​ l​ x​(​φ​h​)]. In online 
Appendix A, I show that in this equilibrium firms sort into four different groups: 
the least productive firms ​(φ < ​φ​*​)​ exit, the low productivity firms ​(​φ​*​ < φ < ​φ​x​  )​ 
serve only the domestic market and use technology l, the medium productivity firms ​
(​φ​x​ < φ < ​φ​h​)​ still use technology l but also export, and the most productive firms ​
(​φ​h​ < φ)​ both export and use technology h.13

Note that in Figure 1 using technology h and serving only the domestic market is 
always dominated by some other choice. Note also that there is a range of productiv-
ity levels where exporting is profitable but adopting technology h is not, so that the 
marginal exporter uses technology l. I focus in this case ​(​φ​x​ < ​φ​h​)​ in what follows 
and provide the necessary parameter restrictions for this ordering of cutoffs to apply. 
The opposite case ​(​φ​x​ > ​φ​h​)​ is one where the equilibrium features no exporters 
using the low technology, which is inconsistent with the empirical findings I report 
in the next section.

To solve for the industry equilibrium it is useful to state the conditions for exit, 
entry in the export market, and technology adoption as a function of the exit cutoff, 
which I do next.

12 More precisely a transformation of firm productivity: ​φ​σ−1​.
13 Available from http://www.aeaweb.org/articles.php?doi=10.1257/aer.101.1.XX.
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Figure 1. Exporting and Technology Choices



Bustos (2011)
Background of MERCOSUR (1991-1995)

I Similar to Verhoogen (2008) in spirit, Bustos argues that the depth
and pace of the reforms implemented in Argentina in 1991 were
largely unexpected.

I Similar to Mexico studied by Verhoogen (2008), there was a newly
elected president, who promised populist policies during the
campaign but implemented a set of market-oriented reforms winning
the election.

I MERCOSUR, which involved Argentina and Brazil, was based on
the view that after the fall of the Berlin Wall the world would be
organized in regional blocs (.e.g, the NAFTA between the U.S.,
Canada, and Mexico).

I Argentina started reducing import tariffs even before MERCOSUR
was launched.



Bustos (2011)
Background of MERCOSUR (1991-1995) (cont’)

I By Oct 1991, the average nominal tariff was 12 percent, ranging
from 0 percent to 35 %.

I MERCOSUR was established by Argentina, Brazil, Paraguay, and
Uruguay in March 1991.

I The agreement established generalized, linear, and automatic
reductions in tariffs, and the adoption of a common tariff with third
countries.

I They were to be implemented gradually according to a semiannual
timetable starting with a 54 percent reduction in Dec 1991 and
finishing at 100 percent in Dec 1994.

I A customs union among member countries was formed in 1995,
with an average tariff level of 12% (ranging between 0 and 20%)
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As m.f.n. tariffs in Argentina were already low before MERCOSUR was launched, 
the baseline for the reduction in Argentina’s tariffs for imports from Brazil was only 
13 percentage points on average (Table 1). Still, there was significant variation in 
tariffs across four-digit ISIC industries, from 0 to 22 percentage points. Surprisingly, 
imports from Brazil grew exactly at the same rate as imports from the rest of the 
world during this period (60 percent).

As Argentina’s unilateral trade liberalization occurred before the period under 
study, between 1992 and 1996 Argentina’s average import tariffs with respect to the 
rest of the world increased slightly (1 percentage point). Still, there were changes in 
tariffs in both directions, from −10 percentage points to 14 percentage points across 
four-digit ISIC industries. The modifications on import tariffs during this period are 
related to the convergence to the CET that partly reflected the structure of protection 
in Brazil.22

In addition, Table 1 reports average m.f.n. input tariffs for Argentina as these are 
used for robustness checks in the empirical analysis of the impact of Brazil’s tariffs 
on entry in the export market and technology upgrading. The input tariff for each 
industry is computed as a weighted average of the tariffs of all inputs used, where 
the weights are based on the cost share of each input obtained from the input-output 
matrix of Argentina, as described in online Appendix D. The baseline m.f.n. rates 
for Argentina’s input tariff reductions with respect to Brazil were smaller than the 
output tariffs reported above, with an average level of 11 percentage points in 1992. 
Similarly, the changes in Argentina’s input tariffs with respect to the world were 
smaller than the output tariffs, ranging from −3 to 6 percentage points.

Finally, an important point to note is that the start of MERCOSUR tariff reduc-
tions with respect to m.f.n. rates, December 1991, just precedes the period under 
study, 1992–1996. Still, exports seem to have reacted to tariff declines with a lag. 
The data on aggregate Argentinian industrial exports to Brazil show that these 
started growing in 1993. Thus, it is likely that the relevant overall tariff reductions 
in the period 1992–1996 are the full 100 percent reduction over m.f.n. rates between 
December 1991 and 1994 and not the 32 percent remaining reduction that occurred 

22 Berlinski et al. (2006) and Won Chang and L. Alan Winters (2002) provide a more detailed discussion of 
Argentina and Brazil’s trade policy measures in the 1990s.

Table 1—Brazil and Argentina’s m.f.n. Tariffs

Average
Standard 
deviation Minimum Maximum Industries

Brazil’s m.f.n. tariffs in 1991 0.29 0.17 0.00 0.84 101
Brazil’s m.f.n. tariffs in 1992 0.24 0.13 0.00 0.63 104

Argentina’s m.f.n. tariffs in 1992
  Outputs 0.13 0.06 0.00 0.22 102
  Inputs 0.11 0.03 0.01 0.17 101

Change in Argentina’s tariffs w.r.t. the world 1992–1996
  Outputs 0.01 0.05 −0.10 0.14 104
  Inputs 0.01 0.02 −0.03 0.06 101

Note: Industries refer to 4-digit ISIC industries with available tariff data.



Bustos (2008)
Empirical Specification

I

EXPijst = 1 if βττ
x
jt + αst + µi + εijst > 0

I j indexes four-digit ISIC industries; s indexes two-digit ISIC
industries;

I t indexes time (1992 or 1996);
I i index firms;
I EXPijst is a dummy variable that takes the value of 1 if the

firm exported in year t.
I τ xjt are Brazil’s tariffs that vary across four-digit industries.

I Bustos estimates the first-difference version of this specification (i.e.,
looking at changes of both dep. and indep. var from 1992 to 1996)

I Notice each firm, therefre, appears only once in the sample.



I Data: Balanced panel survey data (i.e., no entry and exit),
19921996, 1,639 industrial firms (Source: the Argentinean
government statistical agency).

I Seems small, but covers 90% of output and industrial value added.
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In this case, first differencing eliminates time-invariant plant and sector heterogeneity:

(11)	 ΔEX​P​ijs​ = ​β​​τ   ​x​​ Δ​τ​ j​ x​ + Δ​α​s​ + Δ​ε​ijs​ .

Estimation of equation (11) by OLS is reported in the first column of panel A of Table 
3, where the reported standard errors are clustered at the four-digit ISIC industry 
level. The coefficient in the change in Brazil’s tariffs (​β​​τ​   x​​) is negative (−0.421) and 
significant (t = −5.01). The estimated coefficient implies that the average reduc-
tion in Brazil’s tariffs (24 percentage points) increases the probability of entry in 
the export market by 10 percentage points. Columns 2 to 8 assess the robustness of 
the baseline results to inclusion of controls, as described by the following equation:

(12)	 ΔEX​P​ijs​  = ​ β​​τ​   x​​ Δ​τ​ j​ x​  + ​ β​​τ  ​ m​​Δ​τ​ j​ m​  + ​ β​z ​​z​ij1992​  + ​ β​c​ ​c​j​  +  Δ​α​s​  +  Δ​ε​ijs​

Table 3—Entry in the Export Market

(1) (2) (3) (4) (5) (6) (7) (8)
Panel A: Full sample. Dependent variable: change in export status 1996–1992

Δ Brazil’s tariffs −0.421 −0.416 −0.407 −0.340 −0.466 −0.325 −0.362 −0.533
[0.084]*** [0.080]*** [0.081]*** [0.106]*** [0.097]*** [0.091]*** [0.093]*** [0.141]***

Δ Argentina’s tariffs w.r.t. world
  Outputs 0.207 0.176 −0.003

[0.423] [0.409] [0.340]
  Inputs 1.126 1.543

[0.886] [0.693]**

Δ Arg.’s tariffs w.r.t. Brazil
  Outputs −0.507 −0.780 −0.269

[0.331] [0.300]** [0.344]
  Inputs 1.215 0.702

[0.599]** [0.524]
Industry-level controls yes yes
Firm-level controls yes yes yes yes yes yes yes
2-digit ISIC industry  
  dummies

yes yes yes yes yes yes yes yes

Observations 1,380 1,380 1,380 1,348 1,348 1,374 1,342 1,342
R2 0.03 0.04 0.04 0.04 0.05 0.04 0.04 0.05

Panel B: Full sample. Dependent variable: export status in 1996

Δ Brazil’s tariffs −0.291 −0.285 −0.278 −0.203 −0.323 −0.262 −0.281 −0.490
[0.071]*** [0.077]*** [0.074]*** [0.084]** [0.101]*** [0.101]** [0.111]** [0.144]***

Export status in 1992 0.642 0.543 0.543 0.544 0.546 0.542 0.545 0.544
[0.023]*** [0.028]*** [0.028]*** [0.028]*** [0.028]*** [0.028]*** [0.029]*** [0.028]***

R2 0.46 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Panel C: Sample of nonexporters in 1992. Dependent variable: export status in 1996

Δ Brazil’s tariffs −0.411 −0.446 −0.457 −0.294 −0.447 −0.330 −0.357 −0.604
[0.108]*** [0.124]*** [0.122]*** [0.123]** [0.138]*** [0.150]** [0.175]** [0.202]***

Observations 797 797 797 781 781 797 781 781
R2 0.04 0.16 0.16 0.16 0.17 0.16 0.16 0.17

Notes: Standard errors are clustered at the 4-digit ISIC industry level. Δ denotes a change in a variable during the 
period 1992–1996. Firm-level controls include employment measured in efficiency units, sales per worker, and skill 
intensity, all measured in the initial year (1992). Industry-level controls include demand elasticity, skill intensity, 
and capital intensity of the 4-digit ISIC industry in the United States. In panel B remaining controls and number 
of observations are the same as in the corresponding column in panel A. In panel C controls are the same as in the 
corresponding column in panel A.
  *** Significant at the 1 percent level.
    ** Significant at the 5 percent level.
      * Significant at the 10 percent level.
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firms that were not exporters in 1992, with similar results as in the full sample  
(​β​ ​τ​    x​​ 3

 ​ = −0.774, t = −3.20).
The effect of the reduction in tariffs on the rest of the quartiles is less precisely 

estimated. The coefficients are negative but not always statistically significant. Taken 
altogether the results suggest that some firms in the first, second, and fourth quartiles 
were induced to enter the export market by the reduction in Brazil’s tariffs. This is 
not inconsistent with the model, as size is not a perfect measure of productivity, and 
the exporting cutoffs might differ across industries.

The point estimates of ​β​ ​τ​    x​​ 3
 ​ in the baseline specifications (columns 1, 4, and 7) imply 

that the 24 percentage point reduction in Brazil’s tariffs increases the probability to 
enter the export market by 19 to 13 percentage points for firms in the third quartile 
of the size distribution. The finding that the reduction in Brazil’s tariffs had a smaller 
impact on entry for firms in the top quartile of the size distribution suggests that most 
of them were above the threshold before (or regardless of) liberalization. Similarly, 
the lower induced entry for firms in the first and second quartiles suggests that most 
of them were still below the threshold after liberalization. Thus, trade liberalization 
induced more entry in the export market for firms in the upper-middle range of the 
size distribution.

To assess the robustness of the baseline estimates of ​β​ ​τ​ x​​ r
 ​ discussed above (col-

umns 1, 4, and 7 of Table 4) I perform a similar series of checks as in the estimation 
of average industry-level effects of the reduction in Brazil’s tariffs in Table 3. The 

Table 4—Entry in the Export Market by Quartile of the Firm Size Distribution

Dependent variable 
indicated in columns

Full sample Sample of nonexporters in 1992

Change in export status 1996–1992 Export status in 1996 Export status in 1996

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

Δ Brazil’s tariffs
  × first size quartile −0.331 −0.388 −0.442 −0.125 −0.159 −0.293 −0.358 −0.372 −0.436

[0.185]* [0.188]** [0.198]** [0.170] [0.179] [0.190] [0.182]* [0.202]* [0.226]*
  × second size quartile −0.327 −0.367 −0.412 −0.146 −0.170 −0.306 −0.261 −0.258 −0.318

[0.146]** [0.195]* [0.219]* [0.175] [0.212] [0.228] [0.230] [0.260] [0.278]
  × third size quartile −0.722 −0.784 −0.832 −0.541 −0.576 −0.702 −0.774 −0.720 −0.782

[0.166]*** [0.151]*** [0.203]*** [0.155]*** [0.152]*** [0.199]*** [0.242]*** [0.239]*** [0.287]***

  × fourth size quartile −0.356 −0.429 −0.483 −0.286 −0.339 −0.474 −0.276 −0.323 −0.377
[0.175]** [0.179]** [0.204]** [0.119]** [0.146]** [0.162]*** [0.342] [0.390] [0.379]

Controls
  Export status in 1992 0.553 0.558 0.557

[0.027]*** [0.027]*** [0.028]***

  Δ Arg.’s tariffs 
    w.r.t. world yes yes yes
    w.r.t. Brazil yes yes yes
  Industry-level controls yes yes yes yes yes yes
  Firm-level controls yes yes yes yes yes yes yes yes yes
  2-digit ISIC industry  
    dummies

yes yes yes yes yes yes yes yes yes

Observations 1,380 1,348 1,342 1,380 1,348 1,342 797 781 781
R2 0.03 0.05 0.04 0.50 0.50 0.50 0.15 0.16 0.16

Notes: Standard errors are clustered at the 4-digit ISIC industry level. Δ denotes a change in a variable during the 
period 1992–1996. Controls for changes in Argentina’s tariffs with respect to the world and Brazil include both out-
put and input tariffs. Industry-level controls include demand elasticity, skill intensity, and capital intensity of the 
4-digit ISIC industry in the United States. Firm-level controls include dummies for the second, third, and fourth 
quartile of the firm-size distribution in the initial year (1992).
  *** Significant at the 1 percent level.
    ** Significant at the 5 percent level.
      * Significant at the 10 percent level.



Spending on technology includes computers, software, technology
transfers, patents, and innovation activities performed within the
firm like research and development
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where the change in ST in the liberalization period is

 	  Δlog S​T​ijs​  = ​  1 _ 
4

 ​ ​ ∑ 
t=1993

​ 
1996

 ​ logS​T​ijst​​  −  logS​T​ijs1992​ .

Estimation of equation (16) by OLS is reported in Table 5. The coefficient on the 
change in Brazil’s tariffs is negative and significant in all specifications. The esti-
mated coefficient in the baseline specification in column 1, where only the change 
in Brazil’s tariffs is included as a regressor, is −1.079 (t = 3.08) and implies that 
the average reduction in Brazil’s tariffs (24 percentage points) induces an increase 
in technology spending of 0.24 log points. The estimated coefficient is not affected 
by the inclusion of firm-level controls (column 2) nor by the change in Argentina’s 
output and input tariffs with respect to the world (columns 3 to 5). Instead, the inclu-
sion of the change in Argentina’s output tariffs with respect to Brazil (column 6) 
increases the coefficient to −1.437 (t = −3.21), possibly because these are corre-
lated with Brazil’s tariffs but had an effect of the opposite sign in technology adop-
tion, although it is not statistically significant. Finally, the inclusion of the change 
in Argentina’s input tariffs with respect to Brazil (column 7) does not affect the 
estimated coefficient.

A further question is whether the reduction in Brazil’s tariffs also increases the 
technology intensity of production, in the sense of increasing the ratio of spending 
on technology to labor. This is stronger evidence that firms are actually changing 
their production technology, instead of just expanding production by increasing the 

Table 5—Technology Adoption

Dependent variable: change in 
log (spending on technology) (1) (2) (3) (4) (5) (6) (7) (8)

Δ Brazil’s tariffs −1.079 −1.077 −1.051 −1.079 −0.939 −1.437 −1.435 −1.449
[0.350]*** [0.345]*** [0.325]*** [0.340]*** [0.383]** [0.447]*** [0.483]*** [0.643]**

Δ Argentina’s tariffs w.r.t. world
  Outputs 0.556 0.599 0.629

[1.116] [1.147] [1.186]
  Inputs −0.762 −0.897

[3.211] [3.040]
Δ Argentina’s tariffs w.r.t. Brazil
  Outputs 2.051 2.254 2.538

[1.322] [1.367] [1.881]
  Inputs −0.361 −0.739

[2.785] [3.034]
Industry-level controls yes yes
Firm-level controls yes yes yes yes yes yes yes
2-digit ISIC industry dummies  yes yes yes yes yes yes yes yes
Observations 894 894 894 872 872 892 870 870
R2 0.03 0.05 0.05 0.05 0.06 0.05 0.05 0.06

Notes: Standard errors are clustered at the 4-digit ISIC industry level. Δ denotes a change in a variable during the 
period 1992–1996. Firm-level controls include employment measured in efficiency units, sales per worker, and skill 
intensity, all measured in the initial year (1992). Industry-level controls include demand elasticity, skill intensity, 
and capital intensity of the 4-digit ISIC industry in the United States.
  *** Significant at the 1 percent level.
    ** Significant at the 5 percent level.
      * Significant at the 10 percent level.
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in the range ​φ​ 1​ h​ < φ < ​φ​ 0​ h​ in Figure 2. To test this prediction, I estimate the effect 
of the change in Brazil’s tariffs on each quartile of the initial firm size distribu-
tion43 through the following equation:

(17)	ΔlogS​T​ijs​  =  ​ ∑ 
r  =1

​ 
4

  ​ ​β​ ​τ   ​x​​ r
 ​​(Δ​τ  ​ j​ x​   ×  ​ Q​ ij​ r

 ​)​​ +  ​ ∑ 
r =2

​ 
4

  ​  ​δ​r​​Q​ ij​ r
 ​​​  +  β​​τ​ m​​Δ​τ​ j​ m​  +  Δ​α​s​ + Δ​ε​ij​ ,

where r indexes each of the four quartiles of the size distribution, and ​Q​ ij​ r
 ​ are dummy 

variables taking the value of 1 when firm i belongs to quartile r. Estimation results 
are presented in Table 7 for both spending on technology and the innovation index. 
The reduction in tariffs induces a statistically significant increase in spending on 
technology only in the third quartile of the size distribution, where the estimated 
coefficient is −2.106 (t = 3.46) (column 1). The point estimate is double the size of 
the estimated average effect for all firms reported in Table 5 and more than double 
the estimated coefficient for the other three quartiles of the size distribution. The 
results on the innovation index parallel the findings with the ST measure: the reduc-
tion in tariffs induces a statistically significant increase in innovation only in the 
third quartile of the size distribution, where the point estimate of ​β​ ​τ​x​​ r

 ​ is −0.359 
(t = 2.70), as reported in column 4.

43 As noted above, I use initial firm size in terms of (log) employment in efficiency units relative to the four-digit 
industry average as a proxy for initial productivity. Alternatively I used (log) domestic sales relative to the four-digit 
industry mean as a proxy for initial productivity, with similar but less precise results than the ones reported below.

Table 6—Product and Process Innovation

Dependent variable 
indicated in columns

Product and process innovation Product innovation Production process innovation

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

Δ Brazil’s tariffs −0.236 −0.299 −0.400 −0.293 −0.346 −0.438 −0.183 −0.261 −0.357
[0.104]** [0.090]*** [0.117]*** [0.116]** [0.098]*** [0.116]*** [0.100]* [0.093]*** [0.127]***

Δ Arg,’s tariffs w.r.t. world
  Outputs −0.191 −0.184 −0.213

[0.271] [0.284] [0.295]
  Inputs 0.241 0.086 0.360

[0.618] [0.740] [0.574]
Δ Arg.’s tariffs w.r.t. Brazil
  Outputs 0.530 0.626 0.341

[0.308]* [0.335]* [0.326]
  Inputs −0.263 −0.584 0.187

[0.554] [0.578] [0.586]
Industry-level controls yes yes yes yes yes yes
Firm-level controls yes yes yes yes yes yes yes yes yes
2-digit ISIC industry  
  dummies

yes yes yes yes yes yes yes yes yes

Observations 1,301 1,269 1,263 1,312 1,280 1,274 1,319 1,287 1,281
R2 0.24 0.25 0.26 0.22 0.24 0.24 0.22 0.23 0.23

Notes: Standard errors are clustered at the 4-digit ISIC industry level. Δ denotes a change in a variable during the 
period 1992–1996. Firm-level controls include employment measured in efficiency units, sales per worker, and skill 
intensity, all measured in the initial year (1992). Industry-level controls include demand elasticity, skill intensity, 
and capital intensity of the 4-digit ISIC industry in the United States.
  *** Significant at the 1 percent level.
    ** Significant at the 5 percent level.
      * Significant at the 10 percent level.
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without two-digit ISIC industry dummies and report both OLS and IV estimates. 
The IV estimates use Brazil’s tariffs in 1991 to instrument for Brazil’s tariffs in 1992 
in an attempt to correct for measurement error in Brazil’s tariffs. As industry-level 
tariffs are computed as averages of product-level tariffs, zero or small trade in some 
products in a given year can produce inaccurate measures of industry-level tariffs. 
Panel A reports OLS estimates. The point estimate of the effect of Brazil’s tariffs 
on exports is negative and statistically significant in all columns except in column 3 
where controls for changes in Argentina’s tariffs with respect to Brazil and two-digit 
ISIC industry dummies are included in the regression. Panel B reports IV estimates, 
where both the magnitude of the coefficient increases and standard errors fall, sug-
gesting that measurement error in tariffs might produce attenuation bias in the OLS 
results. Finally, panel C reports the first stage of the IV estimates.

Overall, the industry-level data estimates suggest that the reduction in Brazil’s tar-
iffs had a sizable impact on export sales: the 24 percentage point reduction in tariffs 
increased export sales by 0.68 to 0.84 log points, according to the OLS and IV baseline 
estimates reported in column 1, where two-digit ISIC industry dummies are included.

Domestic Sales.—The model predicts that domestic sales decline with tariff 
declines. The mapping of this prediction to the data is not straightforward, as the 
model considers a fully symmetric case where changes in tariffs are the same for both 
countries.46 Thus, the model does not differentiate between Brazil’s and Argentina’s 

46 The reason for considering the symmetric case is to obtain a closed-form solution for the model in general 
equilibrium, that is, allowing for the free entry of firms. This is important, as it highlights that trade liberalization 

Table 9—Product and Process Innovation by Initial Export Status

Dependent variable 
indicated in columns

Product and process innovation Product innovation Production process innovation

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

Panel A. Sample of nonexporters in 1992
Δ Brazil’s tariffs −0.179 −0.279 −0.368 −0.220 −0.315 −0.403 −0.145 −0.252 −0.334

[0.117] [0.098]*** [0.126]*** [0.126]* [0.109]*** [0.126]*** [0.115] [0.097]** [0.138]**

Panel B. Sample of exporters in 1992
Δ Brazil’s tariffs −0.324 −0.331 −0.413 −0.403 −0.393 −0.455 −0.247 −0.277 −0.363

[0.130]** [0.140]** [0.184]** [0.159]** [0.151]** [0.204]** [0.122]** [0.145]* [0.181]**

Controls
  Δ Arg.’s tariffs 
    w.r.t. world yes yes yes
    w.r.t. Brazil yes yes yes
  Firm-level controls yes yes yes yes yes yes yes yes yes
  Industry-level controls yes yes yes yes yes yes
  2-digit ISIC industry  
    dummies

yes yes yes yes yes yes yes yes yes

Notes: Standard errors are clustered at the 4-digit ISIC industry level. Number of observations in panel A is 741, in 
column 1, 725 in columns 2 and 3, 747 in column 4, 731 in columns 5 and 6, 753 in column 7, and 737 in columns 
8 and 9. Δ denotes a change in a variable during the period 1992–1996. Controls for changes in Argentina’s tariffs 
with respect to the world and Brazil include both output and input tariffs. Firm-level controls include employment 
measured in efficiency units, sales per worker, and skill intensity, all measured in the initial year (1992). Industry-
level controls include demand elasticity, skill intensity, and capital intensity of the 4-digit ISIC industry in the 
United States.
  *** Significant at the 1 percent level.
    ** Significant at the 5 percent level.
      * Significant at the 10 percent level.



Khandelwal and Topalova (2011)

I Explore the 1991 IMF-imposed trade liberalization in India.

I Before 1991, India’s trade regime was among the most restrictive.

I By end of 1980s, only 12% of manufactured products could be
imported under general licenses.

I Balanced-of-Payment crisis (rising current account deficits) in
1990-91.

I Turned to the IMF for conditional loans, which required macro
stabilization policies and structural reforms.

I From 1990 to 1996, the average tariffs dropped from 87% to 43%.
Standard deviation of tariffs dropped by 30%.



3 Different Tariff Measures

1. Output tariffs: simple or weighted averages of official tariff rates, at
the industry level.

2. Input tariffs:

input tariffjt =
∑
s

αjs × output tariffst

3. Effective rate of protection (ERP) proposed by Max Corden (1966):

erpjt =
output tariffjt − input tariffjt

1− αjs

αjs =share of input s in the value of output j .



Output Tariffs, Input Tariffs, and Effective Rates of
Protection

India remained committed to further trade liberalization,
and since 1997 there have been further adjustments to
import tariffs. However, at the time the government
announced the export-import policy in the Ninth Five-Year
Plan (1997–2002), the sweeping reforms outlined in the
previous plan had been undertaken, and pressure for further
reforms from external sources had abated. In particular, if
policy decisions on tariff changes across industries were
indeed based on expected future productivity or on industry
lobbying, isolating the impact of the tariff changes would
be difficult. Simply comparing productivity in liberalized
industries to productivity in nonliberalized industries would
possibly give a spurious correlation between total factor
productivity (TFP) growth and trade policies.

To check the validity of the empirical strategy, we exam-
ine the correlation between output tariffs and effective rates
of protection with past industry-level performance during
two periods: the period before and immediately after the
crisis (1989–1996), when India’s trade policy was signifi-

cantly affected by externally imposed benchmarks, and the
period 1997–2002, when external pressure was virtually
absent. Indeed, we provide evidence that in contrast to the
immediate postreform period, subsequent tariff reductions
under the Ninth-Year Plan appear to have been selectively
manipulated to protect less efficient industries.

III. Related Literature, Empirical Strategy, and Data

Most theoretical models of trade predict that liberaliza-
tion will increase productivity. This increase can occur
through several possible channels. First, competition from
trade reforms could result in a reallocation of resources
from less productive to more productive firms (Melitz,
2003; Melitz & Ottaviano, 2008). Trade reforms are likely
to increase within-firm productivity as well. Increased com-
petition may force firms to improve their efficiency by mov-
ing down their average cost curves (Helpman & Krugman,
1985), force firms to focus on their core competency pro-
ducts (Bernard, Redding, & Schott, 2006), reduce manage-
rial slack and generate x-efficiency gains (Hicks, 1935), or
raise innovation incentives among domestic producers in
order to deter entry from foreign competitors (Aghion et al.,
2005).5

In addition to the pro-competitive effects of trade, theore-
tical models predict productivity gains resulting from better
access to superior inputs and technology that increase tech-
nical efficiency.6 This channel may be particularly salient
for developing countries that have emerged from import
substitution policies under which firms faced significant
technological constraints because of inadequate access to
imported inputs.

TABLE 1.—INDIA’S OUTPUT TARIFFS, EFFECTIVE RATES OF PROTECTION, AND INPUT TARIFFS

Output Tariff S.D. Tariff ERP S.D. ERP Input Tariff S.D. Input Tariff

Year (1) (2) (3) (4) (5) (6)

1989 0.97 0.41 0.93 0.43 0.36 0.09
1990 0.87 0.40 0.86 0.42 0.31 0.08
1991 0.89 0.39 0.89 0.41 0.31 0.08
1992 0.63 0.36 0.60 0.17 0.22 0.06
1993 0.82 0.42 0.77 0.22 0.30 0.08
1994 0.62 0.43 0.59 0.19 0.21 0.06
1995 0.47 0.30 0.44 0.16 0.17 0.05
1996 0.43 0.29 0.42 0.19 0.14 0.04
1997 0.35 0.25 0.34 0.15 0.11 0.03
1998 0.35 0.24 0.35 0.14 0.11 0.03
1999 0.34 0.16 0.34 0.14 0.12 0.03
2000 0.34 0.19 0.33 0.12 0.12 0.03
2001 0.35 0.20 0.33 0.12 0.12 0.03
1989–1996 0.70 0.42 0.68 0.35 0.25 0.10

Table reports the mean and standard deviation of tariffs across industries. Columns 1–2 report statistics for tariffs. Columns 3–4 report statistics for the effective rate of protection; see equation (3). Columns 5–6
report statistics for input tariffs; see equation (4). Input tariffs are constructed using the 1993–1994 Input-Output Transactions Matrix for India. Authors’ calculations from data.

FIGURE 1.—1987 INDUSTRY TARIFFS AND SUBSEQUENT DECLINES

Source: Topalova (2007).

5 We note that the core competency channel, however, is unlikely to
explain the findings in the context of India. See GKPT (2010a) for more
details.

6 See Ethier (1982), Grossman and Helpman (1991) and Rivera-Batiz
and Romer (1991).
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The Effects of Trade Liberalization (Import Competition)

I Unit of observation: firm i in industry j , year t

I Main specification:

yijt = α + βl lijt + βppijt + βmmijt + βkkijt + ωijt + εijt

I lijt stands for labor, pijt = power and electricity expenditure, mijt =
materials; kijt = capital



Main Results

of policy: trade policy was determined in the Second Five-
Year Plan and never changed, even as the circumstances
and natures of the industries evolved. Their evidence, com-
bined with table 2, suggests that the differential tariff
changes across industries between 1991 and 1997 were as
exogenous to the state of the industries as a researcher
might hope for in a real-world setting.

Finally, we investigate whether policymakers adjusted
tariffs in response to industry productivity levels. If this
were the case, one should expect current productivity levels
to predict future measures of trade protection. Therefore, we
calculate industry-level productivity as the sales-weighted
average of firm TFP. We then regress industry-level output
tariffs, input tariffs, and ERP in period t þ 1 on industry-
level productivity in period t, controlling for industry and
year fixed effects and weighting each industry by the number
of companies in the industry for the particular year. The
results are presented in table 3. The correlation between
future trade protection and current productivity is indistin-
guishable from 0 for the 1989–1996 period for all three mea-
sures used in the study. The pattern, however, is quite differ-
ent for the 1997–2001 period. Here, the coefficient on
current productivity is negative and significant at the 5%
level, suggesting that trade policy may have been adjusted to
reflect industries’ relative performance.20 This test implies
that to identify correctly the effect of trade policies on pro-
ductivity, one should restrict attention to the period immedi-
ately before and after the major trade reforms (1989–1996).
In each specification, we use lag tariffs because the trade
reform was implemented toward the end of 1991 (initiated
in August 1991) and because productivity is unlikely to have
adjusted instantaneously.

IV. Results

A. Trade Policy Measures and Productivity

Output tariffs. The results from estimating equation (2)
for the period 1989 to 1996 with output tariffs as a measure
of protection are presented in panel A of table 4. The
regression in column 2 includes four-digit NIC industry
fixed. Column 3 includes firm-level fixed effects, and in
column 4 we repeat the analysis on the balanced panel of
companies. In column 5, we control for lagged productivity
to address the potential problem of serial correlation in
equation (2) (see Fernandes, 2007). However, including the
lagged dependent variable in a fixed-effects model renders
the estimates inconsistent, and so columns 6 and 7 adopt a
GMM procedure that instruments the lagged dependent
variable with one and two lags, respectively (see Arellano
& Bond, 1991). The related specification tests are also pre-
sented. Finally, column 8 presents estimates from the direct
approach of estimating the productivity impacts of trade
reforms in which the measures of trade policy are included

TABLE 3.—TRADE POLICY ENDOGENEITY: CURRENT PRODUCTIVITY AND SUBSEQUENT

TRADE POLICY

1989–2001 1989–1996 1997–2001
Period (1) (2) (3)

A: Output Tariffs
Productivity �0.133** �0.033 �0.177***

[0.054] [0.070] [0.067]
Observations 1,413 913 500

B: Input Tariffs
Productivity �0.032** �0.025 �0.047**

[0.016] [0.024] [0.019]
Observations 1,359 878 481

C: Effective Rates of Protection
Productivity �0.211** �0.068 �0.235**

[0.097] [0.138] [0.093]
Observations 1,347 870 477

The table regresses industry-level output tariffs (panel A), input tariffs (panel B), and effective rates of
protection (panel C) in period t on industry-level productivity in period t þ 1. Industry-level productivity
is calculated as a real sales-weighted average of firm-level TFP. All regressions include industry and year
fixed effects and are weighted by the number of firms in each industry for each particular year. Standard
errors are clustered at the industry level. Significant at *10%, **5%, ***1%.

TABLE 2.—DECLINES IN TRADE PROTECTION AND PRE-REFORM INDUSTRIAL CHARACTERISTICS

Log Real
Wage

Share of
Nonproduction

Workers

Capital
Labor
Ratio

Log
Output

Factory
Size

Log
Employment

Growth in
Output,

1982–1987

Growth in
Employment,
1982–1987

Observations
in Each

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

A: Output Tariffs
0.049 0.300 0.000 0.002 0.000 �0.028 0.000 0.001 135
[0.069] [0.425] [0.033] [0.035] [0.000] [0.024] [0.000] [0.001]
B: Input Tariffs
0.096** 0.553 0.011 �0.007 0.000 �0.033 0.000 0.000 129
[0.045] [0.347] [0.019] [0.010] [0.000] [0.020] [0.000] [0.000]
C: Effective Rates of Protection
0.039 0.348 �0.006 0.018 0.000 �0.031 0.000 0.001 129
[0.130] [0.864] [0.059] [0.060] [0.000] [0.046] [0.001] [0.001]

The data used in this table are from the 1987 ASI, which covers all mining and manufacturing industries. Each cell represents a separate regression on either output tariffs (panel A), input tariffs (panel B), or effec-
tive rates of protection (panel C) on the variable in the column heading. The number of observations is reported in column 9 (note that the number of observations for regressions in column 6 is 1 less than that
reported column 9). All regressions include indicators for industry use type: capital goods, consumer durables, consumer nondurables, and intermediate. The regressions are weighted by the square root of the number
of factories. Robust standard errors are reported in parantheses. Significant at *10%, **5%, ***1%.

20 In an alternative specification available on request, we also condition
on the current tariff, thus de facto performing a Granger causality test.
These results indicate that conditional on current tariffs, current produc-
tivity adds no information to the explanation of movements of future tar-
iffs in the 1989–1996 period. However, from 1997 to 2001, there is a
strong, statistically significant relationship between current productivity
and future tariffs.
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Robustness Checks

studying firm entry and exit (see the previous discussion).
Nevertheless, column 4 provides some evidence against
the selection channel by reestimating equation (2) on a con-
stant set of firms. Notice that the coefficient on tariffs is vir-
tually unchanged. This suggests that while the exit of less
efficient companies might contribute to improvements in
productivity, it does not drive the results within this sample.
Sivadasan (2009) also finds little evidence of the across-
firm reallocation mechanism using the representative ASI
database.22

Controlling for lagged productivity or using the Arellano-
Bond estimator (columns 5–7) yields estimates that are
similar in magnitude and statistically significant. Finally,
the impact of trade policy on productivity when estimated
using the direct approach is substantially larger in magni-
tude. Note, however, that the estimates in the direct and
indirect approach are not easily comparable, as the direct
approach assumes the same production function across all
industries and does not control for firm fixed effects.

Effective Rates of Protection. Focusing on nominal out-
put tariffs may give a misleading picture of the impact of

the comprehensive trade liberalization in India if the com-
petitive pressure on the output side was undermined by the
availability of cheaper inputs. To capture the net competi-
tion effect of trade reform, panel B of table 4 presents the
results from estimating equation (2) using effective rates of
protection as a measure of trade liberalization.23 Lower
effective rates of protection increase firm productivity: a
10% reduction in ERP leads to a 0.25% increase in TFP.
The estimated effects are similar in magnitude and robust
across all specifications. The estimations using this alterna-
tive measure of trade protection also suggest that the pro-
ductivity effect comes from changes within the firm.

Input Tariffs. While the effective rates of protection
reveal the net competition effect of trade liberalization, it is
interesting to separate the impact of lowering output tariffs
versus lowering tariffs of intermediate inputs. We therefore
reestimate equation (2) including both output and industry
input tariffs and present the results in table 5. The inclusion
of the input tariff slightly reduces the estimated impact of
output tariffs, though the differences are not statistically
significant. Reductions in both output and input tariffs lead
to higher productivity levels, but the coefficient on input
tariffs is larger than the coefficient on output tariffs across
all specifications. Using the estimates in column 3, which

TABLE 5.—OUTPUT AND INPUT TARIFFS ON TOTAL FACTOR PRODUCTIVITY

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

Lagged Dependent
Variable AB1 AB2

Direct
Approach

Lagged output tariff �0.011 �0.066*** �0.032* �0.046** �0.020 �0.036** �0.059*** �0.157***
[0.022] [0.018] [0.017] [0.018] [0.014] [0.014] [0.016] [0.040]

Lagged input tariff 0.060 �0.508*** �0.480*** �0.276** �0.464*** �0.257** �0.278** �0.292
[0.075] [0.107] [0.098] [0.108] [0.090] [0.107] [0.117] [0.201]

Lagged TFP 0.307*** 0.455*** 0.384***
[0.045] [0.068] [0.073]

Private group firm �0.022* �0.026**
[0.012] [0.011]

Government owned �0.121*** �0.135***
[0.030] [0.032]

Foreign 0.034* �0.008
[0.020] [0.019]

Medium �0.026* �0.031**
[0.014] [0.015]

Small �0.056*** �0.089***
[0.017] [0.018]

Industry FEs Yes Yes
Firm Fes Yes Yes Yes Yes Yes
Year FEs Yes Yes Yes Yes Yes Yes Yes Yes
Balanced panel Yes
AR1 �5.087 �5.048
AR2 �0.729 0.413
Observations 14,648 14,648 14,648 7,958 11,399 8,539 6,279 11,928

Table reports regressions of firm productivity on lagged output and input tariffs. All regressions include firm age and age squared, and the ‘‘private stand alone’’ and large are the omitted firm characteristics. In col-
umns 6–7, the Arellano-Bond estimator is presented using one and two lags, respectively. Column 8 uses the direct method for estimating the productivity impact of tariffs, as explained in the main text. Robust stan-
dard errors are in parentheses. Standard errors are clustered at the firm level in columns 1–5. Standard errors in column 8 are bootstrapped using the block-bootstrapping method described in Efron and Tibshirani
(1994), which takes into account the serial correlation in the data by keeping all observations that belong to the same firm together. Significance: *10%, **5%, ***1%.

22 To further check the selection story, we decompose aggregate pro-
ductivity by the intensive and extensive margins using the methodology
in Olley and Pakes (1996) and Pavcnik (2002). This exercise confirms
that virtually all aggregate productivity gains occurred because of
improvements in average firm productivity rather than because of reallo-
cation. The high barriers to exit in the Indian economy are one potential
explanation for this finding.

23 Note that unlike output tariffs, ERP suffers from potentially impor-
tant measurement error as they were calculated using the input-output
matrix from 1993. Thus, we are abstracting from the variation in ERP due
to changes in an industry input mix.
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Differential Effects across Industries
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TABLE 6.—TRADE LIBERALIZATION AND INDUSTRY CHARACTERISTICS

Basic,
Intermediate and

Capital Goods

Consumer
Durables and

Consumer
Nondurables

Highly
Regulated
Pre-1991

Less
Regulated
Pre-1991

Export
Oriented

Non–Export
Oriented

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

A: Output Tariffs
Lagged tariff �0.092*** �0.089*** �0.004 �0.005 0.016 �0.009 �0.058*** �0.071*** 0.096 �0.152 �0.066*** �0.060***

[0.020] [0.017] [0.040] [0.027] [0.075] [0.038] [0.018] [0.015] [0.147] [0.144] [0.017] [0.015]
Observations 7,050 3,135 4,796 1,949 1,024 451 12,689 5,431 891 367 10,632 4,603

B: Output and Input Tariffs
Lagged tariff �0.082*** �0.104*** 0.026 0.050 �0.020 �0.011 �0.028 �0.055*** 0.097 �0.146 �0.054*** �0.066***

[0.020] [0.019] [0.049] [0.037] [0.160] [0.062] [0.018] [0.017] [0.147] [0.140] [0.017] [0.017]
Lagged input tariff �0.202 0.303** �0.511*** �0.608*** �0.593* �0.370 �0.499*** �0.233** �1.109** �0.356 �0.331*** �0.026

[0.155] [0.145] [0.183] [0.175] [0.328] [0.318] [0.116] [0.113] [0.561] [0.582] [0.118] [0.114]
Observations 7,011 3,114 4,681 1,894 957 418 12,602 5,388 852 346 10,517 4,548

Table reports regressions of firm productivity on lagged output and input tariffs by industry characteristics. All regressions include firm age, age squared, and firm and year fixed effects. Even-numbered columns present the Arellano-Bond estimator with two lags. Robust stan-
dard errors in parentheses. Standard errors are clustered at the firm level in odd-numbered columns. Significance: *10%, **5%, ***1%.
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Differential Effects across Firms

and consumer nondurables and consumer durables, which
remained relatively protected from foreign competition. If
NTBs were an important part of trade protection in India,
one would expect the roughly similar tariff reductions
across the broad industry groups to have a differential
impact on productivity. Table 6 confirms that this is indeed
the case. The table presents the results from estimating
equation (2) for the two sets of industries separately, with
firm fixed effects in columns 1 and 3 and the Arellano-Bond
estimator in columns 2 and 4.26 Panel A in table 6 presents
the result with output tariff as a measure of trade protection,
and panel B includes both output and input tariffs.27 The
impact of the reduction in output tariffs and effective rates
of protection is much larger for basic, intermediate, and
capital goods industries, and there is no evidence that these
tariff reductions resulted in substantial increases in produc-
tivity in the consumer goods category. The impact of input
tariffs is not precisely estimated for the basic, intermediate,
and capital goods industries.

Domestic industrial policy may have also affected the
way firms responded to foreign competition. In particular,
we examine whether the productivity impact of trade
reforms was related to the extent to which an industry was
subject to licensing at the onset of the trade liberalization
reforms.28 Following Aghion et al. (2005) and using various
publications of the Government of India’s Handbook of
Industrial Statistics, we construct an industry-level license
variable that denotes the share of products within a four-
digit industry that were subject to licensing. Aghion et al.
(2005) find that delicensing was associated with significant

entry into an industry. We define highly regulated industries
as of 1989 as those for which 100% of products are subject
to licensing and split the sample according to this criteria.
Not surprisingly, the competitive pressure of trade reforms
did not spur productivity gains in firms in the most regu-
lated industries, as they were unable to change their produc-
tion technology, input mix, or manufacturing scale. The
results are presented in columns 5 to 8 of table 6. Since the
regulation status of an industry in 1989 was potentially cor-
related with other factors that might have affected firms’
response to tariff reductions, it is difficult to attach a causal
interpretation to results. Nevertheless, it is consistent with
cross-country evidence presented by Bolaky and Freund
(2004) that the growth effect of trade depends on a coun-
try’s business regulation.

One might also expect the impact of reductions in trade
protection to be larger for industries that actually compete
with foreign imports. In columns 9 to 12 of table 6, we rees-
timate equation (2) for export-oriented and nonexport-
oriented industries (which include import-competing and
nontraded industries).29 As expected, the disciplining effect
of trade liberalization is much larger for the nonexport-
oriented industries.

C. Trade Reform and Firm Characteristics

The results establish that certain industry characteristics
such as regulatory burden, exposure to NTBs, and exporting
status play a role in the transmission of the trade liberaliza-
tion shock. In this section, we examine the impact of the
liberalization across firms of different sizes and ownership
status. Firms are classified as either domestic or foreign and
placed into one of the three firm size categories. The results
are presented in table 7. For each subgroup of firms, we esti-
mate equation (2), allowing for firm and year fixed effects in
the odd-numbered columns and using the Arellano-Bond
estimator for the even-numbered columns.

TABLE 7.—TRADE LIBERALIZATION AND FIRM CHARACTERISTICS

Domestic Foreign Large Medium Small

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

A: Output Tariffs
Lagged tariff �0.062*** �0.068*** 0.041 �0.039 �0.096*** �0.045** �0.033 �0.093*** �0.065* �0.031

[0.018] [0.016] [0.037] [0.034] [0.033] [0.018] [0.021] [0.021] [0.036] [0.047]
Observations 13,618 5,718 1,190 637 2,673 1,538 7,474 3,572 4,661 1,245

B: Output and Input Tariffs
Lagged tariff �0.041** �0.061*** 0.047 �0.028 �0.078** �0.016 �0.012 �0.087*** �0.034 �0.053

[0.019] [0.018] [0.041] [0.039] [0.034] [0.019] [0.022] [0.025] [0.036] [0.049]
Lagged input tariff �0.508*** �0.301** �0.058 �0.134 �0.289* �0.452*** �0.449*** �0.345* �0.802*** 0.119

[0.102] [0.123] [0.351] [0.227] [0.158] [0.112] [0.134] [0.195] [0.245] [0.242]
Observations 13,485 5,657 1,163 622 2,649 1,523 7,394 3,531 4,605 1,225

Table reports regressions of firm productivity on lagged output and input tariffs by firm characteristics. All regressions include firm age, age squared, and firm and year fixed effects. Even-numbered columns pre-
sent the Arellano-Bond estimator with two lags. Firm sizes are classified as follows: small if average sales over the sample are less than the median, medium if sales are larger than median but less than the first per-
centile, and large if sales in the first percentile. Robust standard errors are in parentheses. Standard errors are clustered at the firm level in odd-numbered columns. Significance: *10%, **5%, ***1%.

26 For brevity, we present the results from the Arellano-Bond estimator
with two lags in the remaining specifications since the related specifica-
tion test is rejected for some subsamples when using only one lag.

27 For brevity, the remaining tables do not report the ERP estimates, but
the qualitative message from the ERP regressions is similar to the output
tariff regressions.

28 The licensing of industries, outlined in the Industries (Development
and Regulation) Act of 1951, was one of the most important tools of the
Indian government to control private enterprise in India. According to the
act, a license was required in order to establish a new factory, expand
capacity by more than 25% of existing levels, or manufacture a new pro-
duct (Aghion et al., 2005).

29 Nouroz (2001) provides a classification of industries in India by
export orientation.
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