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Abstract

Productivity and Firm Size Distribution:
Evidence from India’s Organized and Unorganized Manufacturing Sectors

by

Shanthi Nataraj

Doctor of Philosophy in Agricultural and Resource Economics

University of California, Berkeley

Professor Ann Harrison, Chair

This dissertation examines the impacts of India’s trade liberalization and a variety of other
policies on productivity and employment among manufacturing firms. One main contribution of
this work is that it considers not only large firms in India’s organized (formal) manufacturing sector,
but also small firms in the unorganized (informal) manufacturing sector. Informal firms are those
that have fewer than 20 employees (10 employees if power is used), and are therefore not required
to register with the government under India’s Factories Act. Most of the literature on India’s trade
and other reforms has focused on formal firms, but the informal sector accounts for approximately
80% of manufacturing employment.

In the first chapter, I describe a unique dataset that I constructed by linking formal and informal
firm-level surveys that were conducted by the Indian government. The resulting dataset provides
three cross-sectional snapshots that are representative of the entire manufacturing industry during
the course of the 1990’s. This chapter discusses the industries in which formal and informal firms
are found, examines various issues related to the size distribution of firms, and compares formal
and informal firms with the same number of employees.

The second chapter examines the impact of India’s trade liberalization on the productivity of
manufacturing firms. Despite a large literature investigating the links between trade and produc-
tivity, there is almost no evidence on how small firms react to trade liberalization. In this chapter,
I show that India’s trade liberalization increased firm productivity in both the formal and infor-
mal sectors; however, the increases occurred through different channels in the two sectors. In the
informal sector, I find that the liberalization of final goods tariffs increased productivity by ap-
proximately 15% during the course of the 1990’s. In contrast, the increase in productivity among
formal firms was driven by the liberalization of tariffs on intermediate inputs rather than final
goods. Furthermore, I examine the effect of the trade liberalization on the productivity and output
distributions, and I find evidence suggesting that at least part of the increase in productivity in the
informal sector was driven by the exit of the smallest, least productive firms.
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The third chapter investigates the phenomenon of the “missing middle” in Indian manufac-
turing - the fact that employment is concentrated in small and large firms, with relatively little
employment in mid-sized firms (firms with 50-500 employees). A number of policies have been
proposed as causes of the missing middle, but there is little quantitative evidence on how changes
in these policies would affect the employment size distribution. I consider the impacts of five
policies - credit availability for small firms, electricity surpluses, trade liberalization, industrial
licensing, and foreign direct investment liberalization - on the employment size distribution. I find
that improving India’s poor electricity supplies would mitigate the missing middle by shifting the
employment size distribution towards firms with 50-1,000 employees. India’s liberalization mea-
sures of the 1990’s had mixed effects on the missing middle: the liberalization of final goods tariffs
exacerbated the missing middle, while the liberalization of intermediate input tariffs mitigated it.
The foreign direct investment liberalization shifted the employment size distribution towards firms
with 20-500 employees, while the industrial licensing reforms shifted the distribution towards firms
with 10-60 employees, and away from firms with 60 or more employees. The results also indicate
that India’s labor regulations played a role in how many of these policies affected the missing
middle.
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Chapter 1

An Overview of Formal and Informal
Manufacturing Firms in India

India’s 1948 Factories Act (Sections 2(m)(i) and 2(m)(ii)) defines a “factory” as a premises where
there are 20 or more workers (10 or more workers, if power is being used). Under this Act, state
governments have the power to require factories to register; registered firms are considered “or-
ganized” while unregistered firms are considered “unorganized.” In 2000, India’s organized man-
ufacturing sector employed approximately 8 million people, while its unorganized manufacturing
sector employed approximately 37 million, or nearly 80% of the manufacturing workforce.1

In the Indian context, firms in the organized sector are often referred to as “formal,” while
those in the unorganized sector are often referred to as “informal.” Although the term “informal”
may refer to a number of different situations, including firms that operate outside of government
regulations and those that lack structure (Guha-Khasnobis, Kanbur and Ostrom, eds 2006), I will
use the term “informal” as a synonym for “unorganized” and the term “formal” as a synonym for
“organized.”

Most of the research on India’s manufacturing industry has focused on firms in the formal sector
(Balakrishnan and Pushpangadan 1998, Krishna and Mitra 1998, Balakrishnan, Pushpangadan and
Babu 2000, Hasan, Mitra and Ramaswamy 2007, Topalova 2007, Aghion, Burgess, Redding and
Zilibotti 2008, Gupta, Hasan and Kumar 2009, Sivadasan 2009, among others), despite the fact that
the informal sector accounts for a much greater share of employment. There are several studies that
focus on India’s informal sector (Das 1998, Unni 1998, Das 2000, Joshi 2003, Mukherjee 2004,
for example), and very few that consider the entire manufacturing industry, including both formal
and informal firms (Rani and Unni 2004, Sharma 2009).

In this work, I take advantage of firm-level surveys from both the formal and informal sectors
to gain a better understanding of the firms that operate in each sector, and to examine how India’s
trade liberalization and other policies have affected productivity, output, and employment in both
sectors.

1Estimates for the unorganized manufacturing sector are based on firm-level data from the 2000-01 round of the
National Sample Survey Organisation’s (NSSO) Unorganized Manufacture Survey, while estimates for the organized
manufacturing sector are based on firm-level data from the Central Statistical Organisation’s (CSO) Annual Survey of
Industries (ASI), 1999-2000.
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1.1 Linked Formal-Informal Firm Dataset
A key contribution of this work is the creation of a unique dataset that links both formal and
informal Indian firms, thus providing three snapshots of the entire manufacturing industry during
the course of the 1990’s. I combine informal sector data from 1989-90, 1994-95, and 2000-01 with
formal sector data from 1989-90, 1994-95, and 1999-2000. I will refer to the 1989-90 surveys as
the 1989 round, the 1994-95 surveys as the 1994 round, and the 1999-2000 and 2000-01 surveys
as the 1999 round.

The aggregate estimates provided here will be slightly different from official estimates for two
main reasons. First, I focus on manufacturing firms and exclude utilities and firms engaged in
repairs. Second, I exclude firms that either reported zero (or missing) output or employment, as
well as firms that were reported as closed.

1.1.1 Data Sources
The formal sector is surveyed by the Central Statistical Organisation (CSO) every year through the
Annual Survey of Industries (ASI). The sampling universe for the ASI is all firms that are regis-
tered under Sections 2m(i) and 2m(ii) of the Factories Act, as well as firms registered under the
Bidi & Cigar Workers Act, and a number of utility and service providers. Large firms (those with
100 or more employees from 1987-1996, and with 200 or more employees or a certain output value
between 1997 and 2002) are surveyed every year; these firms make up the “census” sector. A frac-
tion of the smaller firms, which make up the “sample” sector, are surveyed in any given year. For
sampling purposes, strata are created at the state-by-industry level, and firms are sampled within
each stratum. In states designated as “industrially-backwards,” all firms are surveyed, regardless of
size (CSO Last checked February 15, 2010). The ASI provides multipliers for each firm, indicating
the inverse sampling probability. In my analyses, I estimate aggregate and average numbers for the
population of firms by weighting firm-level observations by inverse sampling multipliers.

Although firms with fewer than 10 employees are not required to register under the Factories
Act, and therefore should not appear in the ASI data, between 15% and 20% of the ASI firms in
each year have fewer than 10 employees. Bedi and Banerjee (2007) point out that “deregistration”
may be difficult for firms, that many closed firms still appear in the list of registered firms, and
that registered firms may have decreased their employment below the 10-employee mark. It is also
possible that small firms may choose to register in the expectation that they may grow in the future,
or as a signal to creditors. For my analyses, I exclude firms that are reported to be closed, but I
retain firms in the ASI dataset that have fewer than 10 employees.

The informal sector is surveyed by the National Sample Survey Organisation (NSSO) through
its Unorganized Manufacture Surveys (UMS). The sampling universe consists of all manufactur-
ing firms that are not registered under Sections 2(m)(i) and 2(m)(ii) of the Factories Act, firms
registered under Section 85 of the Factories Act (those that are not required to register under Sec-
tions 2(m)(i) and 2(m)(ii) of the Factories Act but that are required to do so by state government),
and bidi and cigar firms that are not covered by the ASI. The NSSO surveyed informal firms in
1989-90 as a follow-up round to the all-India Economic Census of 1980; in 1994-95 as a follow-up
round to the 1990 Economic Census; and in 2000-01 as a follow-up to the 1998 Economic Census
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(NSSO 2002).
The economic census classifies small manufacturing and repair firms into three categories:

Own Account Manufacturing Enterprises (OAME, employing only household labor), Directory
Manufacturing Establishments (DME, employing six or more workers), and Non-Directory Man-
ufacturing Establishments (NDME, employing five or fewer workers). In 1989, DMEs were ex-
cluded from the survey I use; however, in the 1994 and 1999 surveys these firms represent fewer
than 5% of the population of informal firms.

A multi-stage, stratified sampling plan is used by the NSSO; although describing the plan in
detail is beyond the scope of this work, the basic process is as follows. Each state is divided into
strata; rural strata are typically districts, while cities are grouped together based on population.
Information from the Economic and Population Censuses is used to select first-stage sampling
units (FSUs); the FSU are villages in rural areas and urban blocks in urban areas. Large villages or
blocks are further sub-divided prior to sampling individual firms, and the sampling procedures also
ensure that an adequate number of NDME and DME are included. Individual firms are selected
within each FSU. There are several exceptions to this basic protocol in certain (usually remote)
areas (NSSO 1998, NSSO 2002).

Each UMS sample consists of approximately 1% of the estimated population of informal firms.
As with the ASI data, I estimate aggregate and average characteristics for the population of firms
by weighting firm-level observations by inverse sampling multipliers.

A few firms in the NSSO survey (approximately 0.5% in each year) report having more than 20
employees. These firms appear to be larger than other informal firms, and it is unclear whether they
are illegally operating in the informal sector, whether they experienced an increase in employment
after being classified as informal, or whether their employment figures simply represent data entry
mistakes. In this chapter, I include these firms in my analyses, although I find that my results are
generally robust to excluding them.

1.1.2 Industrial Classification
Tables 1.1 through 1.3 show the estimated sizes of the formal and informal sectors (in terms of the
number of firms, employment, and output) in each broad manufacturing industry in 1989, 1994,
and 1999, respectively. Similarly, Tables 1.4 through 1.6 show the share of firms, employment,
and output in each industry that are found in the formal versus the informal manufacturing sectors,
while Figures 1.1 and 1.2 illustrate the share of formal and informal employment and output in
each industry.

In 1989, the formal sector included approximately 87,000 firms, while the informal sector
included over 13 million firms. During the 1990’s, both sectors grew; by 1999, the formal sector
included approximately 108,000 firms, while the informal sector included nearly 16 million firms.

The informal sector accounts for the vast majority of employment, while the formal sector
accounts for the majority of output. For the formal sector, the employment estimates include pro-
duction as well as non-production workers and supervisors. For the informal sector, the estimates
include workers who are members of the household (paid and unpaid) as well as hired workers.
The UMS surveys contain some information on full-time versus part-time work in the informal
sector, but do not provide the number of hours worked by part-time employees; similarly, the ASI
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surveys do not specify whether workers are full-time or part-time. Therefore, the employment
figures are estimates of the total number of employees, regardless of how many hours they work.
Employment in the formal sector grew from approximately 7 million people in 1989 to 7.6 million
in 1999, while informal employment grew from approximately 27 million to 35 million people.

There are a variety of ways of measuring output. For the purposes of this analysis, I calculate
the value of output as the value of products sold plus the value of any other receipts received by the
firm, which might include services performed for another enterprise, the value of own construction,
or the value of electricity sold. Using this measure of output, in 1989, the formal sector produced
approximately Rs. 1.6 trillion of output, while the informal sector produced approximately Rs.
254 billion of output. By 1999, the corresponding figures were Rs. 6.1 trillion or the formal sector
and Rs. 1.8 trillion for the informal sector.

The ASI and UMS surveys classify firms according to India’s National Industrial Classification
(NIC) code. The 1989 and 1994 surveys classify firms according to a four-digit code developed in
1987 (NIC-87), while the 1999 survey classifies firms according to a five-digit code developed in
1998 (NIC-98). I have matched the classifications over time by mapping each five-digit NIC-98
code to a three-digit NIC-87 code; the firms in the dataset fall into approximately 170 different
three-digit NIC-87 codes. Tables 1.1 through 1.6 and Figures 1.1 and 1.2 present data that are
aggregated to 18 industries at the two-digit NIC-87 level.

The informal sector accounts for approximately 99% of all firms, 80% of employment, and 20%
of output, but there is significant variation between industries. Consumer-goods oriented industries
such as food processing, leather, and textile products have a greater share of informal employment
and output than capital-goods oriented industries such as metals and electrical machinery. The
highest shares of informal employment and output are found in the wood, wood products, furniture,
and fixtures industry, in which the informal sector accounts for over 98% of employment and over
80% of output in every year. In contrast, the highest shares of formal employment and output are
found in the transport equipment industry, with over 70% of employment and 90% of output in
every year.

1.1.3 Firm Characteristics
The unit of observation in the ASI is generally an establishment (factory); however, firms with
multiple factories in the same state, industry, and sampling frame (census versus sample sector)
may submit a consolidated return for those establishments (CSO Last checked February 15, 2010).
However, fewer than 5% of the observations in the sample pertain to more than one factory. The in-
formal sector surveys do not ask whether the firm owns more than one establishment; however, the
1989 and 1994 surveys ask whether the firm is ancillary to another firm. Only 4-5% of the observa-
tions in the sample report being ancillary. Therefore, I will use the terms “firm,” “establishment,”
and “enterprise” interchangeably in this work.

Table 1.7 summarizes information about firm ownership and organization. Panels (a) and (b)
show that the majority of formal firms (95%) are privately held, largely as individual proprietor-
ships (~20%), partnerships (~40%), private limited companies (~ 17%), public limited companies
(8-9%), or family firms (5-8%). Of the formal firms that are partly or wholly government-owned,
state and local governments are more likely to be owners than the central government. Panel (c)
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shows that in the informal sector, about 98% of firms are individual proprietorships.
Table 1.8 shows formal and informal firms’ power sources. Informal firms are broken down into

OAMEs, NDMEs, and DMEs. As we might expect, over 90% of formal firms use electric power,
while the majority of informal firms do not. There is significant variation in power use among the
different types of informal firms. In 1989, only 5% of OAMEs use electric power, while 20% use
another source of power, and the remainder (nearly 75%) use no power source at all. In contrast,
43% of NDMEs use electric power, 21% use another source of power, and only 35% use no power
source. These percentages remain relatively stable in 1994. Somewhat surprisingly, DMEs (which
are also included in the survey in 1994) report lower rates of electric power usage than NDMEs
(29% against 32%), but higher use rates for other power sources (45% against 27%).

Table 1.9 explores informal firm characteristics in greater detail. As discussed above, DMEs
are not covered by the survey I use in 1989; OAMEs make up an estimated 90% of the population
of firms in the 1989 survey, while NDMEs make up the remaining 10%. In 1994 and 1999, when
DMEs are included, OAMEs account for 85% of the estimated population of firms, NDMEs for
10%, and DMEs for the remaining 5%.

Nearly 95% of OAMEs operate perennially, and approximately 80% are located within the
household’s residence. Another 12-17% have a permanent location outside the household, while
approximately 5% have no fixed premises. The firm appears to be an important source of income
for OAME households, with a mean contribution of 54% of the household’s income. As discussed
above, about 3-5% of OAMEs report being ancillary to some other firm.

Similarly, over 95% of NDMEs operate perennially. As we might expect, NDMEs are less
likely to be co-located with a household (55-70% report having a permanent, offsite location, while
30-40% are located in the household), and a greater share of household income (nearly 75%) is
derived from the firm. Like OAMEs, only 4% of NDMEs report being ancillary to another firm.

Somewhat surprisingly, only 82-83% of DMEs report perennial operation, while another 16-
17% report operating seasonally. Over 70% have a permanent, offsite location, and nearly 80%
of household income derives from the firm. Approximately 7% of DMEs report being ancillary to
another firm.

While there are some differences between the informal firm characteristics reported in the three
surveys, there do not appear to be any major changes in the type or location of operation during the
1990’s. The fraction of firms in each category (OAME, NDME, DME) also remains fairly stable.

1.2 Firm Size Distribution
There is an extensive literature on the size distribution of firms, much of it dedicated to testing
“Gibrat’s Law,” which implies that the firm size distribution is log-normal (Sutton (1997) provides
an excellent summary of this literature). Most of the work on firm size distributions has focused on
developed countries, and the existing work on developing countries, including India, suggests that
many of them may have a “missing middle” - a concentration of employment among tiny firms and
very large firms, with few mid-sized firms (Tybout 2000, Mazumdar and Sarkar 2008). In Chapter
3, I explore potential causes of India’s missing middle. Here, I begin by documenting what the
firm size distribution in India looks like, in terms of employment, capital, and output.
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Figure 1.3 presents kernel density plots of employment in the formal and informal sectors in
1989, 1994, and 1999. Panel (a) shows that during the 1990’s, the distribution of formal em-
ployment has shifted to the left, so that a greater share of firms have fewer than 10 employees;
Kolmogorov-Smirnov tests of the equality of distributions reject (p<0.001) that the distributions
are the same across any two years. In the informal sector (Panel (b)), the 1994 and 1999 surveys
indicate the presence of relatively more firms with 5-15 employees, but this likely just reflects the
inclusion of DMEs in these two surveys.

Figure 1.4 shows the distributions of capital in the formal and informal sectors. Capital values
are in nominal terms and, as we might expect, the distributions shift to the right over time in both
sectors. The capital size distribution is right-shifted in the formal sector relative to the informal
sector, though this comparison should be cautiously interpreted, as capital is measured somewhat
differently in the two sectors. In the formal sector, capital represents the depreciated book value of
land and equipment. In the informal sector, capital is the estimated market value of the firm’s land
and equipment.

Similarly, Figure 1.5 measures output in each sector. In both sectors, output is the value of all
products manufactured as well as any other receipts the firm received. Again, as we might expect,
the nominal distributions of output shift to the right over time in both sectors, and formal sector
output is right-shifted compared to informal sector output.

1.2.1 The Size-Wage Premium
One stylized fact that emerges from the literature on firms is that larger firms pay higher wages
(the so-called “size-wage premium”). There are a number of potential explanations for this phe-
nomenon, including worker sorting, monitoring costs, and capital-labor ratios; Oi and Idson (1999)
provide an excellent summary of much of the work on firm size and wages.

To what extent does the firm size-wage premium exist in the Indian manufacturing sector? It is
generally assumed that the formal sector wage is higher than the informal sector wage (Marjit 2003,
for example). I explore this hypothesis by focusing on linked formal-informal data from 1994, the
earliest year in which the full spectrum of informal firms (including DMEs) are included in the
UMS survey. First, I calculate the total per-employee labor cost by dividing the total labor bill
(which includes wages as well as any benefits paid to workers) by the number of employees. Only
firms that report positive labor costs are included, so the findings do not represent informal firms
that only hire unpaid household workers.

Table 1.10 shows that the mean per-employee labor cost in the formal sector is nearly Rs.
28,000/year, while the mean per-employee labor cost in the informal sector is approximately Rs.
5,600/year. These figures should be cautiously interpreted for two reasons. First, the surveys do
not specify how many hours each employee works. If the average informal sector employee works
fewer hours than the average formal sector employee, then the difference between the two costs
will be biased upwards. Second, a number of workers in the informal sector are unpaid household
members, so they may be compensated in some non-monetary way.

I also attempt to estimate the wage differential between the two sectors by calculating the mean
wage paid to production workers in the formal sector, and to hired workers in the informal sector.
The mean wage for production workers in the formal sector is estimated by dividing the total wage
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bill for production workers by the number of production workers; similarly, the mean wage for
hired workers in the informal sector is calculated by dividing total wages paid to hired workers by
the number of hired workers. This necessarily excludes any informal firms that do not use hired
workers, and is therefore not representative of the bulk of firms in the informal sector (see Section
1.1.3). Table 1.10 again confirms that the mean wage for production workers in the formal sector
(Rs. 13,157) is higher than the mean wage for hired workers in the informal sector (Rs. 6,968).
The formal sector premium is much lower than when total labor costs were considered, which may
reflect several factors, including the likelihood that formal sector benefits are higher than informal
sector benefits, and the possibility that informal firms that hire workers pay relatively high wages
compared to those that do not.

To explore the size-wage premium in more detail, Figure 1.6 shows locally weighted regres-
sions of total per-employee labor cost on firm size (employment). Two general findings emerge
from this figure. First, larger firms have higher per-employee labor costs. Second, formal firms
have higher per-employee labor costs than informal firms with the same number of employees. Un-
fortunately, since the informal and formal firm surveys do not include information about worker
quality or education, I cannot determine how much of the size-wage premium, or the formal-
informal-wage premium, is due to worker characteristics, and how much is due to other factors,
such as monitoring costs, that differ across firms of different sizes. In Section 1.3, though, I will
show that formal and informal firms with the same number of employees appear to have signifi-
cantly different operations.

1.2.2 Loans and Interest Rates
Recent work on the size distribution of firms suggests that one barrier to firm growth may be credit
constraints (Cabral and Mata 2003, Angelini and Generale 2008). The formal and informal firm
surveys include questions regarding firms’ outstanding loans and interest payments, which allow
me to explore credit-related issues in the Indian manufacturing industry. For the informal sector,
the survey asks about loans from traditional sources as well as non-traditional sources, including
friends and relatives. Table 1.10 shows that even when such non-traditional sources are included,
only 6.5% of informal firms report positive outstanding loans, compared to 72.3% of formal firms.
It is unclear whether the low fraction of informal firms with outstanding loans is due to lack of
demand for loans on the part of the informal firms or lack of supply on the part of lenders.

Interestingly, although the average value of outstanding loans is much larger in the formal
sector than in the informal sector (Rs. 9.4 million in the formal sector versus approximately Rs.
50,000 in the informal sector), the mean interest rate paid by formal firms is higher (26.8% in
the formal sector versus 16.8% in the informal sector). I impute the interest rate by dividing the
amount of interest paid during the past year by the amount of outstanding loans. Average interest
rates are calculated based on the subset of firms that report positive values for both outstanding
loans and interest payments, so this effect is very likely due at least in part to a selection effect.

Figures 1.7 and 1.8 present locally weighted regressions of the fraction of firms with out-
standing loans, the value of outstanding loans, and interest rates on firm size (employment). The
regressions of outstanding loans and interest rates only include those firms with positive loans and
interest rates, respectively. Panel (a) of Figure 1.7 shows that the fraction of firms that take out
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loans is increasing with firm size in both sectors. Only 60% of formal firms with fewer than 10
employees take out loans, while nearly all formal firms with more than 1,000 employees do so.
Furthermore, small, formal firms are more likely to take out loans than informal firms with the
same number of employees. Informal firms that report having more than 100 employees do appear
to be more likely to take out loans than formal firms of the same size, but this segment of informal
firms represents a tiny proportion of the population of informal firms (less than one-hundredth of
one percent). Panel (b) shows that average loan size is also increasing with firm size.

Figure 1.8 suggests that firm size is not highly correlated with interest rates in the informal
sector. In the formal sector, larger firms pay higher interest rates, and formal firms pay higher
interest rates than informal firms with the same number of employees. These counterintuitive
findings may again be explained by considering the selection effect; since so few informal firms,
and relatively few small, formal firms take out loans, the interest rates paid by these firms are
unlikely to represent the interest rates that the average small firm would pay if it were given a
loan. Furthermore, since I estimate interest rates by dividing interest payments by outstanding
loans, the relatively low rates may also reflect nonpayment of interest rather than low rates. A
third possibility is that small firms may receive subsidized credit; the policy of extending credit to
small-scale industries (SSI) is explored in more detail in Chapter 3.

1.2.3 Firm Age
The literature on firm size distribution suggests that firms grow as they age, but that the growth rate
decreases with increasing size and age (Evans 1987, for example). How does the Indian firm size
distribution change as firms age? To explore this issue, I focus on the employment size distribution,
and divide firms into various size-age cells. Tables 1.11 and 1.12 show the estimated number and
percent, respectively, of formal and informal firms in each size-age cell. Size cells were chosen
to correspond to commonly used ranges, and age cells were chosen to approximately balance the
number of firms in each cell. As before, I focus on the linked formal-informal dataset from 1994.

In the formal sector, approximately 60% of zero- to six-year-old firms (16,052 out of 26,359)
have between 10 and 50 employees, which is consistent with the requirement that firms join the
formal sector when they have 10 or more employees. The fraction of large firms is increasing with
firm age. If we consider zero- to six-year-old firms, 10.3% (2,710 out of 26,359) have 100 or more
employees. If we consider firms that are at least 21 years old, 18.5% (5,224 out of 28,251) have
100 or more employees.

Interestingly, the fraction of formal firms that have fewer than 10 employees is also increasing
with firm age, which suggests that at least some of the formal firms with fewer than 10 employees
may have started with more than 10 employees and subsequently reduced employment. Bedi and
Banerjee (2007) have noted that once a firm is registered, it may be difficult for the firm to be
removed from the state’s registration list. These firms may also anticipate growing in the future,
and may remain formal in order to avoid re-registering when they return to a size of more than 10
employees.

In the informal sector, the vast majority of firms in all age categories have between zero and
four employees. The fraction of firms with five or more employees decreases with age (from 11.4%
of zero- to six-year-old firms to 7% of firms 21 years or older), as does the fraction of firms with 10
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or more employees (from 2.6% of zero- to six-year-old firms to 0.8% of firms 21 years or older).
One explanation that is consistent with this pattern is that firms may begin in the informal sector,
and those that grow to have several employees register and become part of the formal sector.

Figure 1.9 shows kernel density plots of formal and informal employment size distributions by
age category. Panel (a) confirms the finding from Tables 1.11 and 1.12 that a larger fraction of
formal firms 21 years and older have more than 100 employees. In contrast, Panel (b) shows that
in the informal sector, it appears that older firms may be more likely to be smaller.

1.3 Comparing Formal and Informal Firms
As discussed in Section 1.1.1, although firms with fewer than 10 employees are not required to
register, there are a number of formal firms with fewer than 10 employees. In 1994, an estimated
18% of formal firms had fewer than 10 employees (18,151 out of 102,359). Given the observed
relationships between firm age and firm size, it is likely that at least some of these firms originally
registered when they had 10 or more employees, and later reduced employment. However, approx-
imately 10% of the formal firms with fewer than 10 employees are less than three years old, which
suggests that there may be other reasons that they chose to become formal.

I investigate this issue by comparing informal and formal firms with the same number of em-
ployees, using the linked formal-informal dataset from 1994. The results in Section 1.2 indicate
that formal firms pay higher wages, have higher per-employee labor costs, are more likely to take
out loans, and pay higher interest rates than informal firms with the same number of employees. In
Tables 1.13 and 1.14, I compare a number of firm characteristics by firm size, for firms with 1-20
employees.

Table 1.13 shows that there are many more informal firms than formal firms in every size
category. There are very few formal firms with fewer than three employees, and the estimated
number of formal firms peaks at 10 employees. In the informal sector, the modal number of
employees is two, and the number of firms declines with firm size above two employees.

Although there appears to be an overall positive correlation between formal firm size and firm
age (see Section 1.2.3), within this subsample of formal firms, average firm age is generally de-
creasing with firm size. The average age (nearly 31 years old) of formal firms with one employee
appears to be an outlier; since there are so few formal firms with only one employee, there may
be significant statistical noise associated with the characteristics of these firms. Informal firm age
appears to increase from one to four employees, then to decrease with larger firm sizes, though
the decline is not monotonic. If we consider firms with six or fewer employees, informal firms are
generally older than formal firms, while this pattern is usually reversed among larger firms.

As discussed in Section 1.1.3, most formal firms use electric power, while most informal firms
do not. Table 1.13 confirms that this pattern holds even when we compare formal and informal
firms with the same number of employees. The fraction of formal firms that use power rises from
nearly 70% for one-employee firms to over 90% for firms with four or more employees. The
fraction of informal firms that use power ranges from approximately 5% to 25%. Informal firms
with more than five employees are more likely than smaller firms to use electric power, but the
relationship between firm size and the use of electric power is not monotonic in this sector.

Table 1.13 also quantifies the comparison of outstanding loans for formal and informal firms
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that was illustrated by Figure 1.7. The fraction of formal firms that take out loans ranges from
approximately 40% to 80%, and generally increases with firm size. The fraction of informal firms
that take out loans also increases with firm size, but only ranges from 3% to 50%. Similarly, when
we consider firms that do take out loans, the value of outstanding loans in the formal sector is an
order of magnitude higher than the value of outstanding loans in the informal sector, for firms of
the same size. In general, the value of outstanding loans increases with firm size in both sectors.
Again, formal firms with one employee are an outlier, with a much higher average value of loans
than larger firms.

Table 1.14 shows similar comparisons of the amount of capital, the capital-employee ratio,
the value of products, the value of other receipts, and the value of total output in the formal and
informal sectors. In general, average values for capital, products, other receipts, and output are
rising with firm employment in both sectors, and formal firms have values that are much higher
than informal firms of the same size. As with outstanding loans, formal firms with one employee
are an outlier in these patterns.

The capital-employee ratio is also higher in the formal sector than the informal sector, though
the ratio does not necessarily rise with firm employment. In the formal sector, the capital-employee
ratio first falls as employment increases from one to six employees, then appears to rise again,
though not monotonically. In the informal sector, there is no clear relationship between capital-
employee ratios and firm employment, though the peak capital-employee ratios are generally con-
centrated around the 6-9 employee range.

1.4 Conclusion
This chapter has sought to gain a better understanding of the entire manufacturing industry in India
by looking at various characteristics of both formal and informal manufacturing firms. In doing
so, three key points appear to be worth considering.

First, the informal sector is an important component of the Indian manufacturing industry, ac-
counting for 99% of firms, 80% of employment, and 20% of output by the end of the 1990’s. Most
previous work has focused on the formal sector, but the size and importance of the informal sector
indicate that gaining an understanding of informal firms is crucial in studying the manufacturing
industry as a whole.

Second, formal and informal firms are differentiated among a number of different dimensions,
not simply size. The fact that the modal number of employees among formal firms is 10 is con-
sistent with the requirement that firms register when they have 10 employees. However, the fact
that nearly 20% of registered firms have fewer than 10 employees, along with the fact that formal
firms with fewer than 20 employees appear to be very different from informal firms with the same
number of employees, indicate that firms are sorting into the formal and informal sectors based on
more than just employment size.

Finally, during the 1990’s, the shares of employment and output in the informal sector have
remained stable or risen. A number of politicians and commentators (Hensman 2001, Jhabvala
and Sinha 2002, Vajpayee 2003, among others) have argued that globalization may have been
responsible for increasing the share of manufacturing activity carried out by small firms. For
example, at a 2003 summit, former Indian Prime Minister A.B. Vajpayee remarked, “It was also
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assumed that, over a period of time, the traditional sector comprising cottage industries, small
trade, etc., also would get absorbed in the formal sector of the economy. This assumption has
not stood the test of time. Today neither the government sector nor the organized industry can
generate significant number of employment opportunities....We should also recognize that the size
and the scope of the informal sector have vastly expanded - not shrunk - because of the forces of
liberalization and globalisation....” (Vajpayee 2003).

Despite such claims, though, there is little quantitative evidence on the links between India’s in-
dustrial and trade liberalizations and informality, or on whether the Indian reforms affected small,
informal firms at all. In the next two chapters, I explore the extent to which India’s trade liberal-
ization and other policies have affected productivity, output, and employment among both formal
and informal firms.

Figure 1.1: Employment by Industry
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(b) 1994
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Panels (a), (b), and (c) show the estimated percent of employment in the formal and informal sec-
tors in 1989, 1994, and 1999, respectively, by 2-digit National Industrial Classification (NIC-87)
code. Source: Author’s calculations based on unit-level data from the Annual Survey of Industries
(ASI) and Unorganised Manufacture Survey (UMS).
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Figure 1.2: Output by Industry
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Panels (a), (b), and (c) show the estimated percent of output in the formal and informal sectors in
1989, 1994, and 1999, respectively, by 2-digit National Industrial Classification (NIC-87) code.
Source: Author’s calculations based on unit-level data from the Annual Survey of Industries (ASI)
and Unorganised Manufacture Survey (UMS).
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Figure 1.3: Distribution of Employment

(a) Formal Employment Distribution
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(b) Informal Employment Distribution
Panels (a) and (b) show the distribution of employment in the formal and informal sectors, respec-
tively, in 1989, 1994, and 1999. All formal sector densities employ an Epanechnikov kernel and
Silverman’s optimal bandwidth. All informal sector densities employ an Epanechnikov kernel and
a bandwidth of 0.4. Source: Author’s calculations based on unit-level data from the Annual Survey
of Industries (ASI) and Unorganised Manufacture Survey (UMS).
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Figure 1.4: Distribution of Capital

(a) Formal Capital Distribution
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(b) Informal Capital Distribution
Panels (a) and (b) show the distribution of capital in the formal and informal sectors, respectively,
in 1989, 1994, and 1999. All densities employ an Epanechnikov kernel and Silverman’s optimal
bandwidth. Capital values are in nominal rupees. Source: Author’s calculations based on unit-level
data from the Annual Survey of Industries (ASI) and Unorganised Manufacture Survey (UMS).
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Figure 1.5: Distribution of Output

(a) Formal Output Distribution
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(b) Informal Output Distribution
Panels (a) and (b) show the distribution of output in the formal and informal sectors, respectively,
in 1989, 1994, and 1999. All densities employ an Epanechnikov kernel and Silverman’s optimal
bandwidth. Output values are in nominal rupees. Source: Author’s calculations based on unit-level
data from the Annual Survey of Industries (ASI) and Unorganised Manufacture Survey (UMS).
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Figure 1.6: Labor Costs by Firm Size
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Locally weighted regressions of labor costs per employee on firm size, estimated using running-
line least-squares smoothing with a bandwidth of 0.8. Labor costs are only calculated for firms
that report positive labor costs (e.g., firms, typically in the informal sector, that only use unpaid
household labor are not included). The top and bottom 5% of firm-level, per-employee labor costs
are dropped in order to minimize the influence of outliers. Source: Author’s calculations based on
unit-level data from the Annual Survey of Industries (ASI) and Unorganised Manufacture Survey
(UMS).
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Figure 1.7: Outstanding Loans by Firm Size

(a) Percent of Firms with Outstanding Loans by Firm Size
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Panels (a) and (b) show locally weighted regressions of the fraction of firms that have outstand-
ing loans, and the amount of outstanding loans, respectively, on firm size. All locally weighted
regressions employ running-line least-squares smoothing with a bandwidth of 0.8. In Panel (b),
only firms with positive values of outstanding loans are included. Source: Author’s calculations
based on unit-level data from the Annual Survey of Industries (ASI) and Unorganised Manufacture
Survey (UMS).
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Figure 1.8: Interest Rate by Firm Size
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Locally weighted regressions of interest rate on firm size, estimated using running-line least-
squares smoothing with a bandwidth of 0.8. Interest rates are only calculated for firms with positive
values of outstanding loans and interest payments. The top and bottom 5% of firm-level interest
rates are dropped in order to minimize the influence of outliers. Source: Author’s calculations
based on unit-level data from the Annual Survey of Industries (ASI) and Unorganised Manufac-
ture Survey (UMS).
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Figure 1.9: Distribution of Employment by Firm Age

(a) Formal Employment Distribution by Firm Age
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(b) Informal Employment Distribution by Firm Age
Panels (a) and (b) show the distribution of employment in the formal and informal sectors, respec-
tively, by firm age. All formal sector densities employ an Epanechnikov kernel and Silverman’s
optimal bandwidth. All informal sector densities employ an Epanechnikov kernel and a bandwidth
of 0.4. Source: Author’s calculations based on unit-level data from the Annual Survey of Industries
(ASI) and Unorganised Manufacture Survey (UMS).
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Table 1.7: Firm Ownership and Organization

% Firms
1989 1994

Individual Proprietorship 18.9 21.4
Joint Family 8.4 5.5
Partnership 43.3 40.0
Public Limited Company 7.8 9.3
Private Limited Company 16.6 18.9
Government Departmental Enterprises 1.4 1.6
Public Corporation by Special Act of Parliament or State Legislature 0.7 0.7
Co-Operative Society 2.4 2.1
Others 0.4 0.5
Total 100.0 100.0

(a) Formal Sector Organization

% Firms
1989 1994

Wholly Central Government 0.7 0.6
Wholly State and/or Local Government 1.6 1.4
Central Government and State and/or Local Government Jointly 0.7 0.7
Joint Sector Public 0.9 0.5
Joint Sector Private 1.4 0.3
Wholly Private Ownership 94.6 96.6
Total 100.0 100.0

(b) Formal Sector Ownership

% Firms
1989 1994 1999

Proprietary 98.5 97.8 98.4
Partnership with Members of the Household 0.9 1 0.9
Partnership with Multiple Households 0.5 0.6 0.6
Co-operative Society 0.0 0.0 0.0
Others 0.0 0.0 0.0
Total 100.0 100.0 100.0

(c) Informal Sector Organization
Estimated percentages of formal and informal firms with different ownership and organization
structures. Source: Author’s calculations based on unit-level data from the Annual Survey of
Industries (ASI) and Unorganised Manufacture Survey (UMS).
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Table 1.8: Share of Firms Using Various Power Sources
1989 1994

% Using Electric Power 91.7 93.1
% Using Other Power 3.3 2.5
% Using No Power 4.9 4.4
Total 100.0 100.0

(a) Formal Sector
1989 1994

OAME NDME DME OAME NDME DME
% Using Electric Power 5.4 43.4 – 5.1 31.7 28.6
% Using Other Power 20.6 21.3 – 25.2 26.8 45.3
% Using No Power 74.0 35.2 – 69.7 41.5 26.1
Total 100.0 100.0 100.0 100.0 100.0 100.0

(b) Informal Sector
Estimated percentages of formal and informal firms using electric power, another power source,
or no power source. OAME = Own Account Manufacturing Enterprise (informal enterprise that
does not employ hired workers on a regular basis). NDME = Non-Directory Manufacturing Es-
tablishment (informal enterprise that employs five or fewer workers). DME = Directory Manu-
facturing Establishment (informal enterprise that employs six or more workers). Source: Author’s
calculations based on unit-level data from the Annual Survey of Industries (ASI) and Unorganised
Manufacture Survey (UMS).
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Table 1.10: Labor Costs, Wages, Loans and Interest Rates

Formal Informal
Mean Per-Employee Labor Cost (Rs.) 27,999 5,609
Mean Per-Worker Wages (Rs.) 13,157 6,968
Firms with Outstanding Loans (%) 72.3 6.5
Mean Outstanding Loan (Rs.) 9,423,206 49,691
Mean Interest Rate (%) 26.8 16.8

Estimates of mean labor costs, wages, outstanding loans, and interest rates for formal and informal
firms, 1994. Labor costs are calculated by dividing total reported labor cost by total number of
employees; only firms that report positive labor costs are included. Wages are calculated by di-
viding total amount spent on production workers by number of production workers (formal sector)
and wages paid to hired workers by number of hired workers (informal sector); only firms that re-
port hiring production workers/hired workers are included. To calculate average outstanding loans,
only firms with positive values of outstanding loans are included. Interest rates are calculated by
dividing interest paid over the past year by outstanding loan amount; only firms that report positive
values of outstanding loans and interest payments are included. The top and bottom 5% of wages
and interest rates were dropped to mitigate the influence of outlying values. Source: Author’s
calculations based on unit-level data from the Annual Survey of Industries (ASI) and Unorganised
Manufacture Survey (UMS).
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Chapter 2

The Impact of Trade Liberalization on
Productivity and Firm Size

One major potential benefit of trade liberalization is a resulting increase in the productivity of do-
mestic firms. A number of studies (Harrison 1994, Tybout and Westbrook 1995, Pavcnik 2002,
Trefler 2004, Amiti and Konings 2007, Fernandes 2007, Topalova 2007, among others) have ex-
ploited trade liberalization episodes to examine whether a fall in tariffs has a measurable impact
on firm productivity; however, there is almost no empirical evidence on how a fall in tariffs affects
the smallest firms. Understanding whether trade liberalization affects firm productivity is impor-
tant because increases in total factor productivity are linked to growth (see, for example, Bosworth
and Collins (2003)). Understanding whether trade liberalization affects small firms in particular is
important because these firms account for a large share of employment, especially in developing
countries (Tybout 2000), and because recent trade models, most notably Melitz (2003), suggest
that entry and exit among these small firms can significantly contribute to aggregate productivity
changes.

In this chapter, I estimate the impact of India’s unilateral trade liberalization on productivity
in the entire Indian manufacturing industry, including small, informal firms that account for ap-
proximately 80% of Indian manufacturing employment. During the 1990s, India’s tariffs were
harmonized as part of a reforms package required by the IMF, thus providing rich variation in
tariffs across industries and over time while minimizing the potential that certain industries were
selected for tariff cuts based on political factors. I have constructed a unique dataset that combines
surveys of small, informal firms with surveys of larger, formal firms to provide three cross-sectional
snapshots that are representative of the entire manufacturing industry over the course of the trade
reforms. I match these firm-level surveys with highly disaggregated data on tariffs for approx-
imately 5,000 product lines. Using a difference-in-differences strategy, I identify the impact of
tariff cuts on firm productivity by comparing industries that received relatively high tariff cuts to
industries that received relatively low tariff cuts.

My main result confirms that it is important to include small, informal firms when analyzing the
impact of a trade reform on productivity. In particular, I find that a 50 percentage point fall in final
goods tariffs (the average reduction between 1989 and 1999) increases average productivity by
15%, and that this increase is driven by the informal sector: Average informal sector productivity
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increases by 16%, while average formal sector productivity falls by 5%. However, the fall in
final goods tariffs for one industry generates a concurrent fall in tariffs on intermediate inputs for
other industries. I find that a 50 percentage point fall in input tariffs increases average formal
sector productivity by over 30%, which more than offsets the 5% reduction in productivity due
to the fall in final goods tariffs. The fall in input tariffs is also associated with higher informal
sector productivity, though the result is not statistically significant. The net effect of India’s trade
liberalization is therefore to increase average productivity in both the formal and informal sectors;
however, the increases occur through different channels.

I then investigate two potential mechanisms through which the fall in final goods tariffs may
have increased average productivity. I focus on two mechanisms that have been extensively in-
corporated into the recent theoretical trade literature: entry and exit among the smallest, least
productive firms, and the reallocation of market share between firms of different productivity lev-
els. It is important to understand whether these two mechanisms make significant contributions to
the aggregate changes in productivity because they shed light on which firms gain and which firms
lose from a trade liberalization.

Looking for direct evidence of entry and exit among the smallest firms, or even for evidence
of reallocation of market share among mid-sized firms, is an empirically daunting task because
panel data that track small and medium enterprises over time are often unavailable, particularly in
developing countries. This produces a trade-off between following a panel of firms, and including
small firms. In this study, I suggest a way to look for the entry/exit and reallocation mechanisms
using pooled, cross-sectional data that includes the smallest firms. In particular, I draw on two
recent trade models (Demidova and Rodriguez-Clare (2009), which is based on the seminal work
of Melitz (2003), hereafter DR-M, and Melitz and Ottaviano (2008), hereafter MO); these models
offer predictions on how a unilateral fall in final goods tariffs will affect firms of different pro-
ductivity levels and sizes via the entry/exit and reallocation mechanisms. I then look for evidence
of changes in the productivity and firm size (output) distributions that are consistent with these
predictions.

To measure changes in the productivity and firm size (output) distributions empirically, I em-
ploy a quantile regression technique that allows me to simulate and compare the densities of pro-
ductivity and firm size that prevailed prior to the reforms, to those that would have prevailed if
final goods tariffs had been distributed as they were after the reforms, all else equal. I find that the
increase in average informal sector productivity is caused by increases across most quantiles of the
distribution, and that firm size increases across most quantiles as well. The increase in productivity
is particularly pronounced in the left tail of the distribution, which is consistent with DR-M’s pre-
diction that the least productive firms (most of which are found in the informal sector) will exit. In
the formal sector, I find that the decrease in average productivity is driven by a decrease among the
lowest quantiles of the distribution. Furthermore, average firm size falls among the lower quantiles
of the distribution, but this effect is attenuated among the upper quantiles. This result is consis-
tent with the reallocation mechanism suggested by DR-M. DR-M predict that all surviving firms
will decrease their domestic output, but that existing exporters (which tend to be the largest firms)
will concurrently increase their export output. Therefore, large firms will contract relatively little
compared to mid-sized firms. Given the limitations of my dataset, I cannot confirm this mecha-
nism explicitly. However, my findings are consistent with the reallocation of market share away
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from mid-sized, domestic firms towards large, export-oriented firms. While neither the formal nor
the informal sector, considered independently, conforms to the predictions of either the DR-M or
MO models, the combination of changes in the productivity and firm size distributions in the two
sectors supports the exit and reallocation mechanisms predicted by DR-M.

Although we expect small and large firms to react differently to trade, the stark contrast between
the reactions of the informal and formal sectors to the fall in final goods tariffs deserves further
examination. I investigate several potential reasons for this contrast, as well as for the drop in
productivity in the formal sector. I find that the fall in final goods tariffs is associated with net entry
of formal firms into India’s comparative-advantage industries, but net entry of informal firms into
non-comparative-advantage industries. I also document that new entrants tend to be less productive
than incumbent firms, and that the drop in formal sector productivity is greater in comparative-
advantage industries. These findings suggest that the entry of new, formal firms into comparative-
advantage industries may explain part of the decline in formal sector productivity.

This study contributes to the empirical literature on trade and firm productivity. Theory sug-
gests that trade liberalization may either increase or decrease productivity.1 Empirically, a number
of studies have exploited tariff liberalization episodes to measure the impact of trade on produc-
tivity (Tybout, de Melo and Corbo (1991) and Pavcnik (2002) for Chile, Harrison (1994) for Cote
d’Ivoire, Tybout and Westbrook (1995) for Mexico, Trefler (2004) for Canada, and Amiti and
Konings (2007) for Indonesia, among others). The evidence, though somewhat mixed, generally
supports the view that trade liberalization is associated with increased firm productivity. How-
ever, nearly all of these studies exclude small firms. A notable exception is the work by Tybout
et al. (1991), which uses manufacturing census data to test whether Chile’s trade reforms increase
productivity between 1967 and 1979. The authors find little evidence of an overall productiv-
ity improvement after the reforms; however, they do find some evidence that industries that face
relatively high tariff cuts exhibit relatively large increases in productivity.

Within India, nearly all of the previous work on trade and productivity has focused on large,
formal firms. Early studies reach conflicting conclusions: Krishna and Mitra (1998) find that pro-
ductivity growth accelerates after the beginning of the trade reforms in 1991, while Balakrishnan
et al. (2000) do not, even though both use data on large firms in a similar set of industries. More
recently, Sivadasan (2009) uses data on formal firms with more than five employees, and finds
that average productivity increases among industries that experience a large drop in final goods
tariffs (more than 33%) between 1990 and 1992, relative to those that do not. The paper most
closely related to my own work is a study by Topalova (2007), who finds that tariff cuts increase
productivity among large firms.2 My difference-in-differences strategy is similar to hers, and I

1For example, individual firms may improve their productivity following a trade reform due to increased managerial
effort (Corden 1974), exploitation of economies of scale (Helpman and Krugman 1985), or better access to imported
intermediate inputs (Grossman and Helpman 1991). In contrast, Rodrik (1991) argues that trade liberalization may
reduce firms’ incentives to innovate, while Young (1991) and Stokey (1991) show that trade can slow growth or reduce
investment in human capital among developing countries. More recent literature shows that even without changes in
individual firm productivity, trade can increase or decrease aggregate industrial productivity by changing entry and
exit patterns and by reallocating market share between firms of different productivity levels (see Section 2.1 for a
description of how two such models - DR-M and MO - yield contrasting predictions).

2In related work, Goldberg, Khandelwal, Pavcnik and Topalova (forthcoming) show that the concurrent decrease
in input tariffs leads to an increase in the variety of products made by large Indian firms.
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employ tariff data at a similar level of disaggregation. The key difference is that her study focuses
on approximately 4,000 large firms, and she finds that within-firm productivity improvements are
largely responsible for the increase in productivity among those firms. In contrast, my firm-level
data are representative of the entire manufacturing industry, which consists of nearly 100,000 for-
mal firms as well as millions of informal firms, and I find evidence consistent with exit among the
least productive firms.

This study is also related to work that examines whether the entry/exit and reallocation mech-
anisms suggested by recent trade models are important components of aggregate productivity
changes. The empirical evidence, particularly in developing countries, is mixed. With respect
to the exit mechanism, Pavcnik (2002) notes that trade liberalization has little effect on the pro-
ductivity of exiting firms in Chile, and Fernandes (2007) finds that the productivity differential be-
tween entering and exiting firms plays little role in the increase in aggregate productivity following
Colombia’s trade reforms; however, Eslava, Haltiwanger, Kugler and Kugler (2009) also study the
Colombian trade liberalization and find that exit of the least productive firms is an important factor
in aggregate productivity gains. Muendler (2004) documents both within-firm productivity gains
and gains from the exit of relatively unproductive firms following Brazil’s trade liberalization, but
finds that the latter occur more slowly.

With respect to the reallocation mechanism, Tybout and Westbrook (1995) do not find that
this mechanism contributes significantly to the change in productivity following Mexico’s trade
reforms, while Pavcnik (2002) finds that such reallocation accounts for two-thirds of the produc-
tivity gains in the years following Chile’s trade reforms. In Colombia, Fernandes (2007) finds that
within-firm productivity gains are more important than reallocation, but that reallocation becomes
important in many industries during periods of tariff liberalization. Like most other studies of trade
liberalization episodes, all of these papers exclude small firms. I add to this body of work by using
a novel method to look for evidence of entry/exit and reallocation using pooled, cross-sectional
data that includes the smallest firms.

The rest of this chapter is organized as follows. Section 2.1 shows how predictions from the
models discussed above (DR-M and MO) can be used to look for evidence of the entry/exit and
reallocation mechanisms in the wake of a trade reform. Section 2.2 presents an overview of India’s
trade liberalization and discusses the tariff data that I use, while Section 2.3 provides an overview
of the combined formal and informal firm dataset. Section 2.4 presents the empirical strategy and
results, and Section 2.5 concludes.

2.1 Theoretical Motivation
In this section, I provide a brief overview of the DR-M and MO models. In particular, I focus
on how a unilateral trade liberalization leads to entry and exit among small firms, as well as a
reallocation of output among larger firms, in each model. I then discuss how these two mechanisms
provide testable implications for the distributions of productivity and firm size (output) following
a trade liberalization.
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2.1.1 Free Entry Equilibrium with Costly Trade
2.1.1.1 Productivity

In both models, there are two countries - Home and Foreign. I will focus on Home, and on the case
in which Home lowers its final goods tariffs unilaterally. To facilitate comparison between the two
models, I have modified the notation of each slightly.3

In order to enter, firms must pay a fixed entry cost fe. Upon entry, each firm receives a produc-
tivity draw φ from a known distribution. Both DR-M and MO assume that productivity draws φ
follow a Pareto distribution with lower bound b and shape parameter β:

DRandMO : G(φ) = 1− [b/φ]β, φ > b (2.1)

2.1.1.2 Demand and Production

In DR-M, Home consumers have constant elasticity of substitution (CES) preferences over domes-
tic and foreign varieties indexed by ν and ν ′, which lead to the following demands:

DR : q(ν) = RP σ−1[p(ν)]−σ, qm(ν ′) = RP σ−1[τHpm(ν ′)]−σ (2.2)

whereR is aggregate expenditure at Home, P is the aggregate price level at Home, p and pm are the
prices of domestic and imported varieties, respectively, σ is the elasticity of substitution between
varieties, and τH is the Home tariff on imports.

In contrast, MO employ a linear demand structure, which yields the following demand for
variety ν:

MO : q(ν) =
α− p(ν)− ηQ

γ
(2.3)

where γ represents the elasticity of substitution between the differentiated varieties, α and η govern
the substitution between the differentiated products and an outside good, and Q is total consump-
tion of the differentiated varieties.

The demand functions highlight two key differences between DR-M and MO. The first is the
structure of demand. In DR-M, the CES preference structure means that each firm’s price is a
constant markup over its marginal cost. In MO, the linear demand structure means that markups
depend on the productivity of the marginal firm; a more competitive environment, indicated by a
more productive marginal firm, leads to lower markups. The second key difference is the use of
an outside, numeraire good in MO. In DR-M, consumers only substitute between differentiated
varieties of the same good. In MO, consumers substitute between differentiated varieties as well
as an outside good, which is produced in a competitive market under constant returns to scale with
unit cost. This sets wages, so changes in Home tariffs do not affect the differentiated goods industry
through the factor market. Rather, a fall in tariffs changes the minimum productivity required for

3In MO, productivity draws are given by 1/c where c is the firm’s marginal cost of production. All of MO’s key
results are presented in terms of cost draws, rather than productivity draws. For easier comparison with DR-M, I have
rewritten all relevant expressions in terms of productivity draws φ ≡ 1/c. In addition, to simplify the analysis, I
remove the consumption and export subsidies that play a role in the DR-M model.
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survival, which therefore affects the prices and quantities charged by all other firms because of the
linear demand structure.

In both models, firms produce their output using only labor. They behave as monopolistic
competitors, and choose domestic and export output separately. In DR-M, Home is a “small”
country; Home firms cannot affect aggregate price or expenditure levels in Foreign. Furthermore,
exporters face a fixed exporting cost wfexp (where w is the wage) in DR-M, while exporters face a
per-unit exporting cost τF in MO.

2.1.1.3 Equilibrium

In each model, firms enter until the expected profit from entering equals the entry cost. This free
entry condition defines the domestic productivity cutoff φ∗; firms with productivity draws below
φ∗ exit without producing. Similarly, in each model, an exporting condition defines the exporting
productivity cutoff φ∗x; firms with productivity draws between φ∗ and φ∗x sell to the domestic market
(“domestic” firms), while those with draws above φ∗x export and sell domestically (“exporters”).
Each firm’s domestic output qD and export output qX can be written as functions of these cutoff
productivities:

DR : qD =
f [σ − 1]

[φ∗]σ−1
φσ qX =

fexp[σ − 1]

[φ∗x]
σ−1

φσ (2.4)

MO : qD =
LH
2γ

[
1

φ∗
− 1

φ
] qX =

LF
2γ
τF [

1

φ∗x
− 1

φ
] (2.5)

In Equation 2.4, f is the fixed cost of production, while in Equation 2.5, LH and LF are the sizes
of the Home and Foreign markets. Note that Equations 2.4 and 2.5 imply a positive and monotonic
relationship between output and productivity (∂qD/∂φ > 0, ∂qX/∂φ > 0) in both models.

I now turn to average productivity and firm size (output). Let average productivity be a simple,
unweighted function of the productivity of surviving firms; then the average productivity in both
models is:4

DRandMO : φ =

´∞
φ∗
φdG(φ)

1−G(φ∗)
=

βφ∗

β − 1
(2.6)

Average productivity rises with an increase in the domestic productivity cutoff φ∗. Similarly, we
can derive expressions for average domestic and export output as functions of the domestic and
exporting productivity cutoffs:

DR : qD =
f [σ − 1]β

β − σ
φ∗ qX =

fexp[σ − 1]β

β − σ
φ∗x (2.7)

4Each model defines average productivity in a slightly different way. To facilitate comparison, I follow MO’s
method of calculating average productivity.
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MO : qD =
LH

2γ

1

[β + 1]

1

φ∗
qX =

LF

2γ

1

[β + 1]
τF

1

φ∗x
(2.8)

In DR-M, average domestic firm size (output) increases with a rise in the domestic productivity
cutoff φ∗, whereas the opposite occurs in MO. Equations 2.4 and 2.5 imply that in both models, an
individual firm’s domestic output falls when φ∗ rises. However, when φ∗ rises, the least productive
(smallest) firms can no longer survive. The latter effect outweighs the former in DR-M, but not
in MO, resulting in the differing predictions. Similarly, in DR-M, average export output increases
with a rise in the exporting productivity cutoff φ∗x; in MO, the opposite occurs.

2.1.2 Effects of a Unilateral Fall in Final Goods Tariffs
Both DR-M and MO explicitly consider the effects of a fall in final goods tariffs at Home on the
domestic and exporting productivity cutoffs at Home. In DR-M, the fall in Home final goods tariffs
causes the domestic productivity cutoff φ∗ to rise and the exporting productivity cutoff φ∗x to fall.
This occurs because consumers shift spending away from domestic varieties and towards imports.
The reduction in spending on domestic varieties forces the least productive domestic firms to exit,
raising φ∗. At the same time, φ∗x falls, which allows more Home firms to begin exporting. In
contrast, MO show that the fall in final goods tariffs causes φ∗ to fall and φ∗x to rise. This occurs
because fewer firms choose to enter at Home when there is less protection. Less entry yields less
competition at Home, which allows less productive firms to survive. Conversely, there is more
entry in Foreign, so φ∗x rises.

I use these predicted changes in the domestic and exporting productivity cutoffs to derive
testable predictions for average productivity and firm size (output), as well as for the firm size
and productivity distributions. Examining the effects of a fall in tariffs at various points of the
productivity and size distributions can shed light on whether the entry/exit and reallocation mecha-
nisms suggested by the two models are important in the Indian case. I test the following predictions
for the effects of a unilateral fall in tariffs:

Average productivity. DR-M predict that φ∗ rises, while MO predict that φ∗ falls. Therefore,
from Equation 2.6, average productivity rises in DR-M and falls in MO.

Left tail of the productivity distribution. In DR-M, since the least productive firms exit, the
left tail of the productivity distribution should shift to the right. We should therefore see a sharp
increase in productivity among the lowest percentiles of the distribution of surviving firms, with
the increase tapering off among higher percentiles. In MO, since less productive firms can survive,
the left tail of the productivity distribution should shift to the left. We should therefore see a sharp
decrease in productivity among the lowest percentiles of the distribution, with the decrease tapering
off among higher percentiles.

Right tail of the productivity distribution. In both models, the productivity of the largest
firms remains unchanged. Therefore, we would expect to see little or no change among the upper
percentiles of the productivity distribution.

Average firm size (output). In DR-M, φ∗ rises and φ∗x falls; meanwhile, in MO, φ∗ falls and
φ∗x rises. Therefore, from Equations 2.7 and 2.8, average domestic output increases, while average
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export output decreases, in both models. The impact of a fall in tariffs on average firm size is
therefore ambiguous.

Left tail of the firm size (output) distribution. There is a positive, monotonic relationship
between firm size (output) and productivity in both models. The smallest firm in DR-M has pro-
ductivity level φ∗ and size:

DR : qD(φ = φ∗) = f [σ − 1]φ∗ (2.9)

A fall in final goods tariffs raises φ∗, which increases the size of the smallest firm and moves the
left tail of the size distribution to the right. In MO, the smallest firm, which has productivity φ∗,
always has zero output (see Equation 2.5). Therefore, the left tail of the size distribution does not
shift.

Right tail of the firm size (output) distribution. In DR-M, Equation 2.4 shows that when φ∗

rises and φ∗x falls, the domestic output of existing firms falls, while the export output of existing
exporters rises. In MO, Equation 2.5 shows that when φ∗ falls and φ∗x rises, the domestic output of
existing firms rises, while the export output of existing exporters falls. Since the largest firms are
exporters, the right tail of the firm size distribution may therefore either shift left or right in both
models.5

Change in size (output) of large firms relative to mid-sized firms. In both models, the largest
firms are exporters, and are therefore relatively less exposed to the domestic market than are mid-
sized and small firms. Therefore, the effect of a fall in tariffs on firm size will be attenuated for
large, export-oriented firms relative to mid-sized, domestic firms. In DR-M, the change in firm
size will be less negative among the upper percentiles of the distribution, relative to the middle
percentiles; in MO, the change in firm size will be less positive among the upper percentiles of the
distribution, relative to the middle percentiles.

Table 2.1 summarizes these predictions. In the following sections, I describe how I will look
for evidence of these effects in the Indian case.

2.2 A Brief Overview of the Indian Trade Reforms
Prior to 1991, import substitution was the cornerstone of India’s trade regime. Just before the 1991
reforms, the average final goods tariff on manufactured products was approximately 95%. Aksoy
(1992) notes that tariffs constituted over a third of tax revenues in 1987, and that “[h]istorically, to
contain balance of payments crises, tariff rates were increased instead of adjusting the exchange
rate. However, these rates were not reduced when the exchange rate was eventually adjusted. Thus
with every foreign exchange crisis, the average tariff collection rate has ratcheted upward to a
higher plateau.” India also had restrictive non-tariff barriers, which required firms to apply for
licenses in order to import most items, and banned many imports altogether.

Throughout the 1980’s, India’s budget deficit continued to grow, as did its balance of payments
deficit. In 1991, a combination of economic and political shocks - namely, a rise in oil prices,

5In the original Melitz (2003) framework, Home and Foreign as symmetric, so the increase in export sales necessar-
ily outweighs the decrease in domestic sales for the largest firms, and the size of the largest firms increases. However,
this need not be the case in the DR-M framework, since Home and Foreign are asymmetric.
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a decrease in remittances from Indians living abroad, and an unstable political climate - forced
additional change by creating a balance of payments crisis. The IMF granted India a Stand-By
Agreement on the condition that it undertake several reforms (Topalova 2007). In July 1991, In-
dia’s government announced a series of major policy changes, including foreign direct investment
(FDI) liberalization, exchange rate liberalization, the removal of the requirement for operating li-
censes in most industries, the removal of import licensing requirements for capital and intermediate
goods, and a reduction and harmonization of tariffs across industries.

Between 1989 and 1999, the average final goods tariff rate on manufactured products fell from
95% to 35%. I calculate final goods tariff rates for each industry based on two sources: first, the
Government of India’s Customs Tariff Working Schedules, and second, the Trade Analysis and
Information System (TRAINS) database maintained by the United Nations Conference on Trade
and Development (UNCTAD). Both sources provide rates for approximately 5,000 product lines.
Using the concordance of Debroy and Santhanam (1993), I match the product lines with 3-digit
National Industrial Classification (NIC-87) codes, and calculate average final goods tariff rates
within each of approximately 170 industries. Table 2.2 shows average final goods tariffs for broad
manufacturing industry groups in 1989, 1994, and 1999. Panel (a) of Figure 2.1 illustrates that final
goods tariffs varied significantly across industries in 1989, and were both lowered and harmonized
during the 1990s.

India’s trade liberalization provides an excellent case study because of the manner in which
the reforms took place. Tariffs were lowered and harmonized across all industries; therefore, the
industries with the highest pre-reform tariffs faced the highest tariff cuts (Panel (b) of Figure 2.1).
This pattern provides rich variation in tariffs across industries and over time, allowing me to control
for macroeconomic shocks that affected all industries in the same way, as well as for time-invariant,
industry-specific characteristics. It also lowers the chance that industries were selected into tariff
cuts based on political factors.

It is still possible, though, that pre-reform tariff levels are correlated with industry characteris-
tics. I explore this possibility by looking at the correlations between changes in final goods tariffs
(1989-1999) and pre-reform industry characteristics in 1989. I consider the two main outcomes
of interest (total factor productivity, or TFP, measured as discussed in Section 2.3.1, and firm size,
measured in terms of output) as well as other characteristics that might influence political decisions
about tariff protection: the capital-employee ratio, wages, export orientation (the share of exports
in output, based on data from the World Bank’s Trade and Production Database), industry size
(the number of firms), and industry concentration (for which I use the formal sector’s four-firm
concentration ratio as a proxy).

Tables 2.3 and 2.4 present correlations between tariff changes from 1989-1999 and the levels of
each of these pre-reform characteristics in 1989, for the informal and formal sectors, respectively.
None of the informal sector characteristics are related to tariff changes, but there is some evidence
that industries with higher average firm sizes and capital-employee ratios in the formal sector
may have received larger tariff cuts. However, Table 2.5 shows that pre-reform trends in formal
sector characteristics (measured as the change from 1986-1989) are not correlated with subsequent
tariff changes. These findings suggest that the use of industry fixed effects should account for
the potential selection of industries with relatively large, capital-intensive firms into the tariff cuts.
In all of the analyses that follow, I include both year and industry fixed effects, thus comparing
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changes in industries that received relatively large tariff cuts to those that received relatively small
tariff cuts.6

Recent work by Amiti and Konings (2007) suggests that failing to control for input tariffs may
lead to biased estimates of the impact of final goods tariffs on firm productivity. To address this
possibility, I calculate input tariffs using India’s input-output transactions table (IOTT), following
the method suggested by Amiti and Konings (2007). For example, if the footwear industry derives
80% of its inputs from the leather industry and 20% from the textile industry, then the input tariff
for the footwear industry is 0.8 times the final goods tariff for the leather industry plus 0.2 times
the final goods tariff for the textile industry. This measure of input tariffs is not perfect; the IOTT
provides data at a relatively aggregated level (it has 66 manufacturing industries, compared to 171
manufacturing industries for final goods tariffs). In addition, I cannot identify which individual
firms import raw materials, and are therefore most likely to be affected by the fall in input tariffs.

One potential concern is that final goods and input tariffs may be highly correlated, thus leading
to multicollinearity problems in estimation. Panel (c) of Figure 2.1 shows the relationship between
the change in final goods tariffs and the change in input tariffs for a given industry. Though the
two measures are related, there are a number of industries that received relatively large reductions
in final goods tariffs but relatively small reductions in input tariffs, and vice versa. Moreover, the
overall correlation coefficient between tariffs and input tariffs (across years and industries) is 0.65.
Within years, the correlation coefficient is even lower (0.48, 0.38, and 0.55 in 1989, 1994, and
1999 respectively), which suggests that multicollinearity is not likely to be a significant problem.

2.3 Data Sources
As discussed in Chapter 1, I have constructed a linked formal-informal firm database that provides
three snapshots of the entire manufacturing industry during the period of the trade reforms. For
the analyses in this chapter, I classify firms as formal if they appear in the organized sector sur-
vey (ASI), regardless of their employment size. Formal firms with fewer than 10 employees may
include firms that used to have 10 or more employees and subsequently shrank, firms that plan to
grow, or firms that have closed. I exclude firms that are reported to be closed, but I retain other
organized (formal) firms that have fewer than 10 employees. Similarly, a few firms in the unorga-
nized sector survey (approximately 0.5% in each year) report having more than 20 employees. In
the analyses below, I exclude these firms; however, I have confirmed that including them does not
change the informal sector results.

A further refinement I make to the dataset described in Chapter 1 is in defining manufacturing
firms as those that produce physical products. A number of firms in both sectors (though pre-
dominantly in the informal sector) do not report revenue from selling products; the source of their
revenue is uncertain, but likely comes from providing services. I restrict my analysis to firms that
use raw materials to produce physical products in order to improve the comparability of the formal

6The lack of a relationship between tariffs and pre-reform industry characteristics is somewhat surprising. How-
ever, Topalova (2007) finds similar results; she suggests that the lack of a relationship may be explained by Gang and
Pandey’s (1996) argument that India’s tariff policy was largely set during the 1950’s by its Second Five-Year Plan, and
that industrial protection patterns have not significantly changed since then.
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and informal datasets and to focus on manufacturing firms.7 I then combine the firm-level data
with tariff data (discussed in Section 2.2) at the 3-digit NIC-87 industry level using the concor-
dance table developed by Debroy and Santhanam (1993).

Table 2.6 provides summary statistics for key variables in the sample. Labor is measured as
the number of employees. Capital stock values are deflated using the perpetual inventory method
of Harrison (1994), as modified by Sivadasan (2009).8 Output is the total value of manufactured
products, deflated using industry-level price deflators.9 To deflate raw material inputs, I use India’s
IOTT to calculate the average deflator for each industry, using the technique described for input
tariffs (Section 2.2).

2.3.1 Measuring Total Factor Productivity
I use firm-level data on output, employment, capital, and materials to construct a measure of total
factor productivity (TFP) using a chain-linked, index number method suggested by Aw, Chen and
Roberts (2001). These authors show that the log of TFP (hereafter simply referred to as TFP) for
firm i in industry j in year t can be calculated as follows:

TFPijt = (qijt − qjt)︸ ︷︷ ︸
deviation from avg. q

+
t∑

r=2

(qjr − qjr−1)︸ ︷︷ ︸
yearly change in q

−
[ K∑

k=1

1
2
(Sk

ijt + Sk
jt)(kijt − kjt)︸ ︷︷ ︸

deviation from avg. k

+
t∑

r=2

K∑
k=1

1
2
(Sk

jr + Sk
jr−1)(kjr − kjr−1)︸ ︷︷ ︸

yearly change in k

]
(2.10)

where
qijt=log of output
Skijt=cost share of input k
kijt=log of input k
A firm’s TFP is the deviation of its output from average output in that year, along with how av-
erage output in that year differs from the base year, minus the deviation of the firm’s inputs from
average inputs in that year, along with how average inputs in that year differ from the base year. I
allow average output, cost shares, and inputs to differ across industries. Bars over variables indi-
cate average values within a particular industry and year. VanBiesebroeck (2007) has shown that
the index number method provides a robust measurement of productivity levels when firms use

7I have performed the baseline analysis using all firms, and the results are similar in sign, significance, and magni-
tude; results are not shown here, but are available upon request.

8I start with the initial value of capital stock in 1989, and assume a 10% depreciation rate. The value of real capital
stock in industry j and year t is Kjt = 0.9Kjt−1 + Ijt where Kjt−1 is real capital stock in the previous year and Ijt

is investment in year t. Data on nominal investment and capital stocks are calculated based on industry-level formal
sector data only, since informal sector data are not available every year. Each firm’s nominal capital stock is deflated
by Kjt/Kj,1989.

9As a robustness check, in Section 2.4.4 I use the method suggested by Hsieh and Klenow (2009) to account for
differential firm pricing by assuming particular values for the elasticity of substitution between goods.

44



different technologies, which is likely to be the case given that my data include both informal and
formal firms.

Output, material, and capital are deflated as discussed above. Cost shares are based on material
costs, labor costs (the wage bill, deflated using the consumer price index), and capital costs (the
real capital stock multiplied by the estimated rental rate of capital).10

Panels (a)-(d) of Figure 2.2 illustrate some features of the formal and informal sectors by
showing kernel density plots of employment, capital, output, and TFP in 1989. The densities
are weighted using the sampling multipliers, so the distributions are representative of the popula-
tion of firms. The modal value of employment is two in the informal sector and just above 10 in
the formal sector. There does not appear to be any lumpiness around the 10- or 20-employee mark
in the informal sector (even when the data are plotted using smaller bandwidths or histograms),
suggesting that the 10- or 20-employee constraint is not binding for most informal firms. There
is little overlap between the capital and output distributions of the formal and informal sectors. In
contrast, I find considerable overlap between the two sectors’ TFP distributions, though the bulk
of the least productive firms are informal.

2.4 Empirical Strategy and Results

2.4.1 Effect of a Fall in Tariffs on Average Productivity and Firm Size
I begin by estimating the effects of the trade reforms on average productivity and firm size (mea-
sured in terms of output). I employ a difference-in-differences approach that exploits the variation
in tariffs across industries and over time. I model the outcomes of interest (TFP and firm size) for
firm i in industry j at time t as:

yijt = β1τjt + β2τ
I
jt +Xijt + αj + αt + εijt (2.11)

where
yijt=log of TFP or firm size (output)
τjt=final goods tariff, as a negative fraction (e.g., a 100% ad valorem tariff corresponds to -1)
τ Ijt=input tariff, as a negative fraction
Xijt=firm characteristics
αj=industry fixed effects
αt=year fixed effects

I control for macroeconomic changes that affected all industries at the same time and in the
same manner by including year fixed effects, and for time-invariant industry characteristics by
including industry fixed effects. For ease of interpretation, I include final goods and input tariff
values as negative numbers, so the coefficients on these two variables can be interpreted as the
effect of a fall in tariffs on the outcome of interest. Since I am interested in estimating the effects

10For the wage bill in own-account enterprises in the informal sector (those that do not hire non-family labor), I
impute per-employee cost based on the average cost per employee among informal firms that do hire labor. For capital
rental rates, I use data from the informal sector surveys, which provide information on the value of rented capital and
rental payments. I calculate the average rental rate, based on firms that rent capital, in each industry and year, and I
apply the average rental rate to all firms in that industry/year.
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of trade on the population of firms, I use the multipliers to re-weight firm-level observations in all
of my analyses.

Table 2.7 presents results. All specifications include year and industry fixed effects, and stan-
dard errors are clustered at the state-industry level.11 Column (1) includes only final goods tariffs
(not input tariffs) and shows a highly significant, positive relationship between the fall in final
goods tariffs and average productivity. Since final goods tariffs and input tariffs are included as
negative fractions (e.g., a 100% ad valorem tariff is equivalent to τjt = −1), the average fall in final
goods tariffs between 1989 and 1999 of 50 percentage points corresponds to a change of 0.5 in τjt.
The magnitude of the coefficient (0.39) suggests that this fall in final goods tariffs is associated
with a nearly 20% increase in average productivity. In Column (2), I control for input tariffs as
well, and find that the effect of final goods tariffs is attenuated (to 0.31, or 15.5% given the average
fall in final goods tariffs) but remains significant at the 1% level. Input tariffs also increase average
productivity, though the effect is not statistically significant.

Columns (3) through (8) of Panel A show that the positive relationship between the fall in final
goods tariffs and productivity is driven by the informal sector. Once input tariffs are taken into ac-
count, a 50 percentage point fall in final goods tariffs decreases average formal sector productivity
by approximately 5%, but increases average informal sector productivity by 16%. The firm-level
controls included in Columns (5) and (8) indicate that new firms (firms that have operated for fewer
than three years) are less productive in both the formal and informal sectors, that informal firms
that do not use electric power are less productive than other informal firms, and that urban firms
are more productive than rural firms.

Table 2.8 shows similar results for firm size (output). When controlling for input tariffs, a 50
percentage point fall in final goods tariffs increases average firm size by approximately 25%. Aver-
age formal firm size decreases by approximately 16%, while average informal firm size increases
by approximately 26%. These initial results lend support to the DR-M framework, which predicts
that a fall in final goods tariffs will increase both average firm size and productivity.

Although average productivity and firm size (output) in the formal sector fall when final goods
tariffs are reduced, both effects are offset by a concurrent fall in input tariffs. The coefficients on
input tariffs suggest that a 50 percentage point fall in input tariffs increases average productivity
by 32% and average firm size (output) by 55% in the formal sector. The fall in input tariffs is
also positively correlated with informal sector productivity, but the results are not statistically
significant. The net effect of the trade liberalization, therefore, is to increase productivity in both
the formal and informal sectors, though the increases occur through different channels in the two
sectors.

2.4.2 Effect of a Fall in Tariffs on the Productivity and Firm Size Distribu-
tions

I now explore whether changes in the productivity and firm size (output) distributions are consis-
tent with the entry/exit and reallocation mechanisms suggested by the DR-M and MO models. In

11The standard errors are similar, and significance levels do not change, when I use the multi-way clustering method
developed by Cameron, Gelbach and Miller (2006) to account for within-industry clustering across states, as well as
within-state clustering across industries.
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this section, I focus on final goods tariffs rather than input tariffs for two reasons. First, as dis-
cussed above, my measure of input tariffs is available at a more aggregate level than my measure
of final goods tariffs, and is based on input-output tables for relatively broad manufacturing indus-
tries. Second, the two trade models that guide the empirical work on productivity and firm size
distributions focus on final goods tariffs. Of course, the results in Section 2.4.1 indicate that it is
important to control for input tariffs when estimating the effects of final goods tariffs on firm size
and productivity. Therefore, in the analyses below, I control for input tariffs as well as final goods
tariffs, but input tariff results are not presented.

I use a quantile regression (QR) framework to estimate the effects of final goods tariffs on vari-
ous percentiles of the productivity and firm size (output) distributions. Let z′ijt = (τjt, τ

I
jt, α

′
j, α

′
t)
′,

and Equation 2.11 can be modified to allow the effects of the covariates to vary across percentiles:

yijt = z′ijtβθ + εθijt
(2.12)

Let Fijt(yijt|zijt) be the distribution of yijt conditional on zijt. Then the θth conditional quantile
of yijt (the location of the θth percentile of yijt, conditional on the covariate vector zijt) is:

Qθ(yijt|zijt) ≡ inf{y|Fijt(y|z) ≥ θ} = z′ijtβ(θ) (2.13)

where we assume that Qθ(εθijt
|zijt) = 0. As shown by Koenker and Bassett (1978), the estimator

for β(θ) is found by minimizing:

n−1

n∑
i=1

ρθ(yijt − z′ijtβθ), ρθ(u) =

{
θu u > 0

(θ − 1)u u ≤ 0
(2.14)

The estimated effect of a marginal change in the kth covariate zkijt on the θth percentile of the
outcome of interest is given by:

∂Qθ(yijt|zijt)
∂zkijt

= β̂kθ (2.15)

I conduct quantile regressions for TFP and firm size in the formal and informal sectors individ-
ually, at every 5th percentile of the distributions.12 As in the baseline analysis, I use the multipliers
to re-weight firm-level observations in the quantile regression framework.

Figures 2.3 and 2.4 show the QR results for final goods tariffs graphically. The solid line plots
the QR coefficient βθ for final goods tariffs at every 5th percentile, while the two dotted lines
show the 90% confidence intervals from a block bootstrap estimate of the standard errors.13 As
before, the coefficients on final goods and input tariffs are negative fractions, so coefficients can be
interpreted as the effect of a fall in tariffs.

12I also conducted quantile regressions for the overall manufacturing industry, including both formal and informal
firms. Results are not shown because given the overwhelming size of the informal sector relative to the formal sector,
the overall results are largely the same as the informal sector results.

13I re-sample over state-industry clusters in order to correct for possible serial correlation. In order to reduce
computational time, I follow Abrevaya (2001) and sample (with replacement) m out of n clusters, where m = 0.1n.
Standard errors are based on 100 bootstrap estimates, and are corrected by

√
m/n.

47



Panel (a) of Figure 2.3 shows that the fall in final goods tariffs increases productivity across
most quantiles in the informal sector, with a particularly large increase at the 5th percentile. This
finding is consistent with the exit of the least productive firms, most of which are found in the
informal sector (see Panel (d) of Figure 2.2). I would not have found this result if I had only
considered formal firms; Panel (b) of Figure 2.3 shows that the fall in final goods tariffs actually
decreases the bottom quantiles of productivity in the formal sector, while having no effect on
productivity among the top quantiles.

Figure 2.4 indicates that firm size (output) increases across all quantiles in the informal sector.
In the formal sector, firm size falls in the lower quantiles, but the fall is attenuated among the
higher quantiles. This finding is consistent with the reallocation mechanism suggested by DR-M.
DR-M predict that firms will decrease their domestic output, but that existing exporters (which
tend to be the largest firms) will concurrently increase their export output. Therefore, large firms
contract relatively little compared to mid-sized firms. Given the limitations of my dataset, I cannot
confirm this mechanism explicitly; however, the decrease in firm size among formal firms, which
is attenuated among the upper quantiles of the distribution, is consistent with this reallocation of
market share away from mid-sized, domestic firms towards large, export-oriented firms.

How do the changes in the formal and informal sectors affect the overall productivity and firm
size (output) distributions? To address this issue, I use a simulation technique that allows me
to compare the densities of productivity and firm size in 1989, to the densities that would have
prevailed in 1989 had final goods tariffs been distributed as in 1999, with all other covariates dis-
tributed as in 1989. Machado and Mata (2005) show that it is possible to simulate such counterfac-
tual densities using regression quantiles. I implement a slightly modified version of their approach
as follows.14 First, I take m=1,000 draws of θ from a uniform distribution U ∼ [0, 1], and estimate
β̂θ for each draw. I then draw a representative sample of 1,000 observations of the covariates zijt
from the 1989 data (with probability proportional to each observation’s sampling multiplier). Then
{ŷijt = z′ijtβ̂(θ)}ml=1 is a sample of 1,000 observations from the estimated marginal density of the
outcome yijt, if all of the covariates were distributed as in 1989. Next, I draw 1,000 observations
of τjt from the 1999 data and 1,000 observations of all covariates expect τjt from the 1989 data. I
use this counterfactual sample of covariates zcijt to obtain a sample of 1,000 observations from the

estimated counterfactual density of outcome yijt, {ŷcijt = (zcijt)
′β̂(θ)}ml=1 if all covariates except

final goods tariffs were distributed as in 1989, and final goods tariffs were distributed as in 1999.
Panel (a) of Figure 2.5 shows the simulated productivity densities. When final goods tariff fall,

the TFP density in the informal sector shifts right, while the density in the formal sector shifts
left. Kolmogorov-Smirnov tests for the equality of distributions strongly reject that the 1989 and
counterfactual 1999 densities are the same, for both the informal and formal sectors. Since there
is considerable overlap between the productivity in the two sectors, and since the informal sector
is very large relative to the formal sector, the right shift in the informal sector productivity density
offsets the left shift in the formal sector productivity density to a great extent. Panel (b) illustrates
this offsetting effect more clearly by showing the changes in density (1999 density minus 1989
density) for each sector.

Panels (a) and (b) of Figure 2.6 show the counterfactual firm size (output) densities and the

14I am indebted to José Machado for his advice on using this technique.
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changes in densities (1999 minus 1989). In this case, there is little overlap between the two sectors’
firm sizes, so the rightward shift of the informal sector complements the leftward shift of the formal
sector. The overall effect is to increase the mass of mid-sized firms, at the expense of relatively
small and large firms. At the top end of the formal sector density, there is virtually no effect, which
is consistent with the results shown in Figure 2.4.

Table 2.9 summarizes the results for the formal and informal sectors, and compares them to the
predictions of the DR-M and MO models. When considered individually, neither the informal nor
the formal sector fits the predictions of either model. However, when we consider the overall effects
of the two sectors, the results are consistent with DR-M. As discussed earlier, average productivity
and firm size (output) both increase. Informal firms constitute the bulk of the least productive firms
(see Panel (d) of Figure 2.2); therefore, the relatively large increase in productivity at the left tail of
the informal sector productivity distribution, which tapers off towards the right, is consistent with
the mechanism of exit by the least productive firms. At the right tail of the productivity distribution
(the most productive formal firms), there is no change. The left tail of the firm size distribution
(represented by the smallest informal firms) shifts right, while the right tail (represented by largest
formal firms) shifts left. Finally, within the formal sector, the decrease in size is less pronounced
at the right tail of the size distribution, which is what we would expect if the largest formal firms
are relatively more export-oriented.

2.4.3 Effect of a Fall in Tariffs on Survival and Net Entry
Why are the results for the formal and informal sectors so different? On the one hand, we would
expect exit to be more prevalent in the informal rather than the formal sector, since informal firms
are generally less productive; thus we would expect to see increases in productivity and firm size
(output) in this sector. In the formal sector, which is at the right tail of the size distribution, it is
reasonable that the contraction in output among existing firms would outweigh any exit effects,
thus resulting in a fall in size among formal firms. On the other hand, it is surprising that there is
such a stark contrast between the two sectors, even when we compare the upper quantiles of the
informal sector distribution with the lower quantiles of the formal sector distribution. In addition,
the fall in productivity among the lowest quantiles of the formal sector distribution is puzzling.

To explore this puzzle, I first investigate whether formal firms face barriers to exit; some of
the least productive formal firms, which should exit, might remain in operation with low levels of
productivity. India’s labor regulations are often cited for creating barriers to exit and size adjust-
ment for formal firms. Besley and Burgess (2004) classify state amendments to India’s Industrial
Disputes Act (IDA) as “pro-worker” or “pro-employer”; they find that “pro-worker” states have
lower formal sector output, and higher informal sector output, relative to “pro-employer” states.
Ahsan and Pages (2007) extend Besley and Burgess’ (2004) work by dividing state amendments
into those that affect workers’ ability to sustain an industrial dispute and those that affect the ability
of large firms to adjust their employment size. They find that both types of regulations decrease
formal output, while the amendments regulating disputes may affect output to a greater extent.15 If
labor regulations are responsible for creating barriers to exit for formal firms, then I would expect

15In related work, Hasan et al. (2007) find that the elasticity of labor demand increases in the formal sector following
the trade reforms, and that the increases are more pronounced in states with more flexible labor laws.
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to see less exit (more survival) in states with stricter labor laws.
I classify firms that existed in 1989 as “survivors” based on their reported age or year of initial

production. This information is available for all three years in the formal sector, and for 1989 and
1994 in the informal sector. I then estimate the total number of surviving firms in each state-by-
industry cluster every year, in the formal and informal sectors, and explore the relationship between
survival and tariffs using the following specification:

sjst = β1τjt + β2τ
I
jt + αj + αs + αt + εjst (2.16)

where sjst is the log of the number of survivors in each state-by-industry cluster at time t, and
αj , αs, and αt are industry, state, and time fixed effects, respectively. I also interact the fall in
tariffs with three pre-reform measures of labor regulations (the original Besley and Burgess (2004)
measure, as well as the two measures from Ahsan and Pages (2007)). Since I cannot identify which
informal firms existed in 1989 from the 1999 data, I perform the analysis for the informal sector
from 1989-1994, and for the formal sector from both 1989-94 and 1989-99.

Table 2.10 presents results. Columns (1)-(4) present results for the formal sector from 1989
to 1994, Columns (5)-(8) present results for the formal sector from 1989 to 1999, and Columns
(9)-(12) present results for the informal sector from 1989 to 1994. Comparing Columns (1), (5),
and (9) suggests that the fall in tariffs may have decreased survival in the informal sector to a
greater extent than in the formal sector; however, the coefficients are not statistically significant.
The results also indicate that stricter labor regulations have little impact on survival among formal
firms, though they do appear to increase the survival rates of informal firms. While these findings
are consistent with previous work on India’s labor laws, they do not provide strong evidence that
onerous labor regulations are responsible for blocking exit among formal firms.

A second potential source of the decrease in formal sector productivity is the entry of less
productive firms. To investigate this possibility, I re-estimate Equation 2.16 with the (log of the)
total number of firms as the dependent variable. I perform this exercise using all three rounds of
data (1989, 1994 and 1999) in both sectors. Columns (1) and (6) of Table 2.11 indicate that the
fall in final goods tariffs is associated with net exit from the formal sector, but net entry into the
informal sector, by 1999. If the reduction in final goods tariffs causes firms to leave the formal
sector and enter the informal sector, that could partially explain the increase in productivity among
the top quantiles of the informal sector, since formal firms are generally more productive than
informal firms. However, if (as we would expect) the formal firms that exit are the least productive,
then productivity should increase, rather than decrease, among the bottom quantiles of the formal
sector.

It may also be the case that firms are not moving between sectors within an industry, but across
industries. In particular, we might expect trade liberalization to increase exporting opportunities
to a greater extent in India’s comparative-advantage industries, thus attracting firms into those
industries. To explore this issue, I construct a measure of each industry’s revealed comparative
advantage (RCA) based on Balassa (1965):16

RCA =
XIndia
j /

∑
j X

India
j

XWorld
j /

∑
j X

World
j

(2.17)

16I thank Kala Krishna for suggesting this measure.
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where Xj is the value of exports in industry j and
∑

j Xj is total manufacturing exports. I estimate
each industry’s RCA using pre-reform (1989) data from the World Bank’s Trade and Production
database. I construct a dummy variable that equals one for industries with RCA greater than one
and zero for industries with RCA less than one. This variable is then interacted with the fall in
final goods tariffs.

Columns (2) and (7) of Table 2.11 present results. I find that the fall in final goods tariffs is
associated with net entry of formal firms into RCA industries, and the net entry of informal firms
into non-RCA industries. This suggests that at least part of the drop in productivity in the formal
sector may be due to the entry of less productive firms into RCA industries. To explore this finding
in more detail, I perform a quantile regression analysis that estimates the effects of the fall in final
goods tariffs on various percentiles of formal sector productivity, allowing the effects to vary across
RCA and non-RCA industries. Figure 2.7 shows the estimated effects for the RCA and non-RCA
industries separately. The fall in final goods tariffs decreases the lowest percentiles of productivity
by more in RCA industries, which is consistent with the entry of less productive firms into RCA
industries. However, the 5th percentile of productivity still falls in non-RCA industries, in which
there is net exit, indicating that entry does not completely explain the decrease in formal sector
productivity.

Finally, I consider whether India’s labor regulations may impede the movement of firms across
industries. Columns (3)-(5) and (8)-(10) of Table 2.11 show that the net entry of formal firms into
RCA industries is lower in states with more onerous labor regulations, and that labor regulations
governing dispute resolutions are largely responsible for this effect. Interestingly, while the coef-
ficients on the triple interactions are never significant in the informal sector, two out of three are
similar in sign and magnitude to the formal sector, suggesting that the movement of both formal
and informal firms into RCA industries may be reduced in states with onerous labor regulations.
Although the labor regulations I consider do not directly affect informal firms, they may reflect the
overall business climate of the state, or there may be spillovers from formal to informal firms.

The net entry of firms into the formal sector in comparative-advantage industries is consistent
with the idea that trade liberalization might encourage firms to formalize in order to take advantage
of exporting opportunities in these industries. I document that the drop in formal sector productiv-
ity is greater in comparative-advantage industries, and Table 2.7 indicates that new entrants tend
to be less productive than incumbent firms. The combination of these findings indicates that the
entry of new, formal firms into comparative-advantage industries may explain part of the decline
in formal sector productivity. However, the decline in productivity among formal firms, even in
non-comparative-advantage industries, remains somewhat puzzling; there appears to be less exit
in the formal sector than in the informal sector, but it is unclear whether formal firms face barriers
that prevent the least productive firms from exiting.

2.4.4 Robustness Checks
In this section (as well as in Appendices 2.A and 2.B), I test the robustness of the main results in
a variety of ways. First, I test whether the productivity results are sensitive to the way in which
productivity is measured. I begin by calculating TFP using two alternate index number methods.
I then develop two additional estimates of TFP based on one-stage and two-stage ordinary least
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squares (OLS) methods. To address the simultaneous selection of output and inputs, I also use
the approaches developed by Olley and Pakes (1996) and Levinsohn and Petrin (2003), modified
as suggested by Blalock and Gertler (2008). Next, I attempt to account for differential pricing
within an industry by using a method suggested by Hsieh and Klenow (2009). Finally, to avoid
the difficulties involved in measuring capital, I also test the robustness of the results to using labor
productivity rather than TFP. Appendix 2.A discusses each of these productivity measures in detail,
and Table 2.A.1 presents results. Despite some variation in magnitude across specifications, I find
that the main results are robust to a variety of productivity measures. A fall in final goods tariffs
decreases average formal sector productivity and increases average informal sector productivity;
meanwhile, a concurrent fall in input tariffs increases formal sector productivity and may also
increase informal sector productivity.

Second, I test whether my main results are robust to controlling for a number of other policy
changes that occurred at the same time as the trade reforms. As discussed in Section 2.2, tariffs
were harmonized beginning in 1991. However, India’s pre-reform trade regime also included high
non-tariff barriers (NTB), which required that firms obtain licenses in order to import most goods
(Aksoy 1992). Following the 1991 reforms, licensing requirements were sharply reduced for non-
consumer goods but remained in place for most consumer goods (Epifani 2003). Disaggregated
measures of NTBs are unfortunately not available during the period of the reforms. However, if
NTBs are important in explaining productivity changes, then I would expect the impact of the fall
in tariffs on productivity to be larger in industries that also faced declines in NTB protection. As
shown in Table 2.B.1, I find some evidence that NTB liberalization magnifies the effect of the fall
in tariffs on firm productivity in both sectors.

I also investigate potential confounding effects of two other industrial policy changes that oc-
curred during the 1990s: the dismantling of the “license raj” and the allowance of foreign direct
investment (FDI) into most industries without case-by-case approval. Appendix 2.B discusses
these reforms in more detail, and confirms that the effects of tariff cuts are robust to controlling for
the delicensing and FDI reforms.

Third, as discussed in Section 2.2, I find no relationship between pre-reform levels or trends
in TFP and final goods tariff changes. Topalova (2007) performs a similar exercise and finds no
relationship between TFP levels among large firms and subsequent tariff changes until 1997; how-
ever, she finds a negative and statistically significant relationship between these two variables after
1997. She notes that final goods tariffs were uniformly changed until 1997 (during India’s Eighth
Five-Year Plan), but that they may have diverged somewhat after 1997, indicating that political
factors may have influenced tariff cuts after this point. To address the potentially endogenous se-
lection of industries into tariff cuts after 1997, I re-run the analysis using 1997 tariffs in place of
1999 tariffs. Results are not presented here, as they are almost exactly the same as the baseline
results.

Finally, Table 2.2 shows that by 1999, tariff levels were harmonized across all industries except
the beverage and tobacco industry. Since tariffs in this industry likely remained high due to political
factors, I re-run the baseline analysis while excluding this industry. The results (not shown) are
nearly identical to the baseline findings.
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2.5 Conclusion
This study is the first to consider the effects of India’s tariff liberalization on the entire manufac-
turing industry, including large, formal firms, as well as small, informal firms. I construct a unique
dataset that combines firm-level data on formal and informal firms from 1989, 1994, and 1999,
a period of time that spans the major trade reforms. During this period, tariffs were harmonized
across industries as part of a reforms package required by the IMF, thus minimizing the potential
that certain industries were selected for tariff cuts based on political factors. I use a differences-in-
differences approach, which compares industries that received relatively high tariff cuts with those
that received relatively low tariff cuts, to identify the impacts of final goods and input tariffs on
productivity and firm size (measured in terms of output).

I find that a 50 percentage point fall in final goods tariffs (the average fall between 1989 and
1999) increases average firm productivity by 15%. An important contribution of this study is to
show that the increase in average productivity is driven by the informal sector: the fall in final goods
tariffs raises productivity by approximately 16% in the informal sector while lowering productivity
by approximately 5% in the formal sector. However, I also find that the concurrent fall in input
tariffs increases average productivity by over 30% among formal firms. Therefore, the overall
effect of the trade reforms is to increase productivity in both sectors.

I then employ quantile regression techniques to examine whether changes in the distributions
of productivity and firm size (output) are consistent with entry and exit among the smallest, least
productive firms, as well as a reallocation of market share among surviving firms, as suggested
by two recent trade models (Demidova and Rodriguez-Clare (2009), based on Melitz (2003), and
Melitz and Ottaviano (2008)). When the informal and formal sectors are considered together, the
empirical results support the predictions of the Demidova and Rodriguez-Clare (2009) - Melitz
(2003) model. The increase in informal sector productivity is most pronounced in the left tail of
the distribution, which is consistent with the exit of the least productive firms. In the formal sector,
both productivity and firm size (output) fall among the lower quantiles of the distributions, but
these effects are attenuated among the upper quantiles. This finding is consistent with Demidova
and Rodriguez-Clare’s (2009) prediction that a fall in final goods tariffs will force all firms to
reduce their domestic output, but will allow existing exporters to increase their export output.
Since exporters tend to be large firms, my empirical findings are consistent with this prediction.

These results confirm the importance of including small firms when analyzing the impacts of a
trade liberalization on firm productivity. Both the increase in average productivity due to the fall in
final goods tariffs, as well as the evidence consistent with exit among the smallest, least productive
firms, were identified by including small firms from India’s informal sector. In addition, since the
informal sector employs 80% of India’s manufacturing workers, understanding how trade reforms
affect this sector is a key component in understanding India’s post-reform growth.
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Figure 2.1: Tariff Reforms
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(b) Change in Tariffs vs. Pre-Reform Tariffs
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(c) Changes in Final Goods vs. Input Tariffs

Panel (a) shows the 5th, 25th, 50th, 75th, and 95th percentiles of final goods tariffs by 3-digit
National Industrial Classification (NIC) code in each year. Panel (b) shows the correlation between
the change in final goods tariffs from 1989-1999 and 1989 final goods tariffs. Panel (c) shows the
relationship between the changes in final goods and input tariffs between 1989 and 1999. Source:
Author’s calculations based on various publications of the Government of India.
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Figure 2.2: Distributions of Key Variables in the Formal and Informal Sectors
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(d) Total Factor Productivity

Kernel density plots of employment, capital, output, and total factor productivity (TFP) in the
formal and informal sectors in 1989 (pre-reform). Employment indicates the number of employees,
while output and capital are measured in 1989 Rupees. TFP is calculated using a chain-linked
index number method based on Aw et al. (2001). All observations are weighted using inverse
sampling probabilities, so distributions are representative of the population of firms. All plots use
Epanechnikov kernels and Silverman’s optimal bandwidth, except for the plot of the employment
distribution in the informal sector, which uses a bandwidth of 0.8. Source: Author’s calculations
based on unit-level data from the Annual Survey of Industries (ASI) and Unorganised Manufacture
Survey (UMS).
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Figure 2.3: Effect of a Fall in Final Goods Tariffs on Various Quantiles of the Productivity Distri-
butions
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(b) Formal Sector

Effect of a fall in final goods tariffs on various quantiles of the total factor productivity (TFP)
distributions in the formal and informal sectors. Dependent variable is log of TFP. Solid lines
show quantile regression (QR) coefficients at each of 19 quantiles (5th, 10th,...,95th) of the TFP
distribution. Dashed lines indicate 90% confidence intervals, based on a block bootstrap.
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Figure 2.4: Effect of a Fall in Final Goods Tariffs on Various Quantiles of the Firm Size (Output)
Distributions
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(b) Formal Sector

Effect of a fall in final goods tariffs on various quantiles of the firm size (output) distributions in
the formal and informal sectors. Dependent variable is log of firm size. Solid lines show quantile
regression (QR) coefficients at each of 19 quantiles (5th, 10th,...,95th) of the firm size
distribution. Dashed lines indicate 90% confidence intervals, based on a block bootstrap.
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Figure 2.5: Simulated Pre-Reform and Post-Reform Productivity Densities
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(b) Changes in Productivity Densities

Panel (a) shows simulated densities of total factor productivity (TFP) in 1989, and densities that
would have prevailed had tariffs been distributed as in 1999, with all other covariates distributed
as in 1989. Densities are simulated using a modified version of the procedure developed by
Machado and Mata (2005). All plots use Epanechnikov kernels and Silverman’s optimal
bandwidth. Panel (b) shows the changes in densities (1999 densities minus 1989 densities).
Change in density is calculated by estimating the 1989 and 1999 densities at the same points and
subtracting the 1989 value from the 1999 value.
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Figure 2.6: Simulated Pre-Reform and Post-Reform Firm Size (Output) Densities
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(b) Changes in Firm Size (Output) Densities

Panel (a) shows simulated densities of firm size (output) in 1989, and densities that would have
prevailed had tariffs been distributed as in 1999, with all other covariates distributed as in 1989.
Densities are simulated using a modified version of the procedure developed by Machado and
Mata (2005). All plots use Epanechnikov kernels and Silverman’s optimal bandwidth. Panel (b)
shows the changes in densities (1999 densities minus 1989 densities). Change in density is
calculated by estimating the 1989 and 1999 densities at the same points and subtracting the 1989
value from the 1999 value.
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Figure 2.7: Effect of a Fall in Final Goods Tariffs on Various Quantiles of the Formal Sector
Productivity Distribution by Comparative Advantage
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(a) Comparative Advantage Industries, Formal Sector
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(b) Non-Comparative Advantage Industries, Formal Sector

Effect of a fall in final goods tariffs on various quantiles (5th, 25th, 50th, 75th, 95th) of the
productivity distribution in the formal sector, for comparative advantage industries versus
non-comparative advantage industries. Solid lines show quantile regression (QR) coefficients,
while dashed lines indicate 90% confidence intervals, based on a block bootstrap.
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Table 2.1: Summary of Predictions for a Unilateral Reduction in Final Goods Tariffs

Predicted Changes
DR-M MO

Average productivity + -
Left tail of productivity distribution + -

Right tail of productivity distribution 0 0
Average firm size (output) -/+ -/+

Left tail of firm size (output) distribution + 0
Right tail of firm size (output) distribution -/+ -/+

Change in size (output) of largest firms Less negative Less positive
relative to mid-sized firms

Summary of predicted changes in the productivity and firm size (output) distributions from Demi-
dova and Rodriguez-Clare (2009)-Melitz (2003), DR-M and Melitz and Ottaviano (2008), MO.
For average values, “+” indicates an increase and “-” indicates a decrease. For the left and right
tails of the distributions, “+” indicates a rightward shift while “-” indicates a leftward shift.
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Table 2.2: Average Final Goods Tariffs by 2-Digit Manufacturing Industry

1989 1994 1999
Food Products 105.38 52.57 32.76
Beverages and Tobacco 157.86 133.44 78.78
Cotton Textiles 87.38 65.00 37.65
Wool, Silk, and Synthetic Fibers 94.55 64.26 36.70
Jute and Vegetable Fibers 61.43 65.00 39.00
Textile Products 102.85 65.00 39.74
Wood 71.71 65.00 35.47
Paper 58.25 54.14 23.65
Leather 94.29 65.00 33.57
Basic Chemicals 114.00 64.09 34.43
Rubber, Plastic, Petroleum, and Coal 89.82 54.25 33.15
Non-Metallic Mineral Products 96.86 65.00 37.06
Basic Metals, Alloys 102.32 49.26 32.35
Metal Products and Parts 156.52 54.99 35.22
Machinery and Equipment 84.93 64.87 27.32
Electrical Machinery 102.27 64.98 31.57
Transport Equipment 70.27 64.36 37.32
Other 92.25 63.64 34.03

Average final goods tariffs by 2-digit manufacturing industry in 1989, 1994, and 1999. Source:
Author’s calculations, based on Customs Tariff Working Schedules published by the Government
of India and the Trade Analysis and Information System (TRAINS) database maintained by the
United Nations Conference on Trade and Development (UNCTAD).
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Table 2.3: Tariff Changes and Pre-Reform Industrial Characteristics: Informal Sector

Dependent Variable: Change in Final Goods Tariffs (1989-1999)
(1) (2) (3) (4) (5) (6) (7)

log(Average TFP) -0.017 0.024
(0.17) (0.28)

log(Average Firm Size) 0.013 0.022
(0.027) (0.051)

log(Average K-L Ratio) 0.0046 -0.020
(0.028) (0.056)

log(Average Wage) -0.0031 -0.036
(0.070) (0.072)

Export Share in Output 0.0036 0.0063
(0.027) (0.012)

log(No. Firms) -0.013 -0.015
(0.013) (0.020)

Observations 135 135 135 135 135 135 135
R2 0.000 0.002 0.000 0.000 0.000 0.008 0.011

Correlation between pre-reform, informal sector characteristics in 1989 and tariff changes from
1989-1999. “K-L Ratio” is capital per employee. Standard errors are in parentheses. *, **, and
*** represent significance at the 10%, 5% and 1% levels, respectively.
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Table 2.4: Tariff Changes and Pre-Reform Industrial Characteristics: Formal Sector

Dependent Variable: Change in Final Goods Tariffs (1989-1999)
(1) (2) (3) (4) (5) (6) (7) (8)

log(Avg. TFP) 0.063 0.11
(0.10) (0.11)

log(Avg. Firm Size) 0.054** 0.034
(0.026) (0.034)

log(Avg. K-L Ratio) 0.091** 0.11***
(0.040) (0.043)

log(Avg. Wage) 0.11 -0.064
(0.088) (0.11)

Export Share in Output 0.0035 0.021
(0.027) (0.016)

log(No. Firms) 0.038* 0.049
(0.023) (0.036)

C4 Ratio -0.19 -0.083
(0.16) (0.22)

Observations 138 138 138 138 138 138 138 138
R2 0.003 0.030 0.037 0.011 0.000 0.020 0.010 0.094

Correlation between pre-reform, formal sector characteristics in 1989 and tariff changes from
1989-1999. “K-L Ratio” is capital per employee. “C4 Ratio” is the sum of the market shares
of the four largest firms in the formal sector. Standard errors are in parentheses. *, **, and ***
represent significance at the 10%, 5% and 1% levels, respectively.
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Table 2.5: Tariff Changes and Pre-Reform Changes in Industrial Characteristics: Formal Sector

Dependent Variable: Change in Final Goods Tariffs (1989-1999)
(1) (2) (3) (4) (5) (6) (7) (8)

log(Average TFP) 0.023 0.024
(0.033) (0.041)

log(Average Firm Size) 0.011 0.023
(0.058) (0.059)

log(Average K-L Ratio) -0.023 -0.057
(0.079) (0.064)

log(Average Wage) 0.14 0.12
(0.17) (0.21)

Export Share in Output 0.14 0.15
(0.32) (0.15)

log(No. Firms) -0.0087 -0.030
(0.055) (0.081)

C4 Ratio -0.089 -0.26
(0.23) (0.32)

Observations 122 122 122 122 122 122 122 122
R2 0.004 0.000 0.001 0.005 0.002 0.000 0.001 0.017

Correlation between changes in pre-reform, formal sector characteristics from 1986-1989 and tariff
changes from 1989-1999. “K-L Ratio” is capital per employee. “C4 Ratio” is the sum of the market
shares of the four largest firms in the formal sector. Standard errors are in parentheses. *, **, and
*** represent significance at the 10%, 5% and 1% levels, respectively.
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Table 2.6: Summary Statistics for Firm-Level Data

Mean St. Dev. Minimum Maximum
Formal Sector
Labor (number of Employees) 139.58 604.67 1 40,473
Capital (thousands of Rs. 1989) 5,539 29,000 0.00 1,150,000
Material (thousands of Rs. 1989) 27,600 86,400 0.01 1,940,000
Output (thousands of Rs. 1989) 32,000 106,000 0.00 5,160,000
No. Observations 97,118
Informal Sector
Labor (number of Employees) 3.12 2.51 1 20
Capital (thousands of Rs. 1989) 25.62 101.19 0.00 12,900
Material (thousands of Rs. 1989) 111.69 716.84 0.00 73,200
Output (thousands of Rs. 1989) 119.99 642.21 0.01 69,700
No. Observations 184,239

Summary statistics for formal and informal firm-level data. Only firms that use material inputs and
receive revenue from products are included. Data from 1989, 1994 and 1999 are pooled. Capital,
material and output are deflated as discussed in Section 2.3. Source: Author’s calculations based on
unit-level data from the Annual Survey of Industries (ASI) and Unorganised Manufacture Survey
(UMS).
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Appendix 2.A: Alternate Productivity Measures
As discussed in Section 2.3.1, the index number method is robust to the variation in technology
across firms (VanBiesebroeck 2007). However, this method also has several limitations, including
the assumptions of perfect competition and constant returns to scale, as well as the failure to
account for measurement error in the variables. I therefore explore whether my findings are robust
to alternate productivity measures.

The baseline TFP index number method allows cost shares to vary across industries, but re-
quires them to be the same for the formal and informal sectors. The first robustness check allows
cost shares to vary across the formal and informal sectors. Second, given the inherent difficul-
ties in calculating capital rental rates, which are used to construct cost shares in the baseline TFP
measurement, I also calculate TFP using revenue shares instead of cost shares.17 The results of the
three index number methods (cost shares that are the same for the formal and informal sectors, cost
shares that vary across the formal and informal sectors, and revenue shares) are shown in Columns
(1), (2), and (3) of Tables 2.A.1 and 2.A.2. A 50 percentage point fall in final goods tariffs reduces
average TFP in the formal sector by 3-8%, while increasing average TFP in the informal sector by
around 16-17%. The fall in input tariffs is associated with a large increase in TFP in both sectors,
though the effect is only significant in the formal sector.

Next, I turn to parametric and semi-parametric methods to estimate TFP. I begin by estimating
a production function using OLS:

qijt = β0 + βllijt + βmmijt + βkkijt + µijt (2.18)

where qijt is the log of output for firm i in industry j in year t, and lijt, mijt, and kijt are the logs
of labor, material, and capital inputs, respectively. If we assume that µijt is uncorrelated with the
covariates, then we can estimate the coefficients on the input parameters using OLS. I allow the
coefficients on the inputs to vary across industries by estimating the production function separately
for each 2-digit industry. TFP is given by:

t̂fpijt ≡ qijt − β̂0 − β̂llijt − β̂mmijt − β̂kkijt (2.19)

I then estimate the effects of tariffs and input tariffs on TFP, using the baseline specification:

t̂fpijt = β1τjt + β2τ
I
jt + αj + αt + εijt (2.20)

I also estimate the effects of tariffs and input tariffs on TFP using a one-stage OLS method, which
combines the two previous steps.

Columns (4) and (5) of Tables 2.A.1 and 2.A.2 present results for both OLS methods. In the
formal sector, the coefficients on both final goods tariffs (-0.06 and -0.08) and input tariffs (0.44
and 0.59) are somewhat attenuated relative to the baseline results, but remain highly significant.
In Column (5), the sum of the coefficients on the inputs (1.04) suggests that there are (slight)
increasing returns to scale; an F-test strongly rejects the null hypothesis that β̂l + β̂k + β̂m = 1.
In the informal sector, the coefficients on final goods tariffs (0.29 and 0.30) are slightly attenuated

17To do so, I calculate the shares of the wage bill Sl and of materials Sm in output; the share of capital is given by
Sk = 1− Sl − Sm.
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relative to the baseline results, while the coefficients on input tariffs (0.73 and 0.81) are larger in
magnitude than the baseline results, and are now statistically significant. Although the sum of the
coefficients on the inputs is slightly greater than one (1.01), I cannot statistically reject the null of
constant returns to scale in this sector.

The fact that firms choose inputs and output simultaneously means that the OLS parameter
estimates are likely to be biased. Olley and Pakes (1996, OP) propose a three-step method that
addresses both the simultaneous choice of inputs and output, as well as the endogenous exit of
firms. Implementing their method fully requires panel data, which are unavailable for informal
firms, as well as small formal firms, in India. However, following Blalock and Gertler (2008),
I conduct only the first stage of the OP method, which identifies the coefficients on the variable
inputs (labor and materials), as well as on tariffs. In the first stage, OP show that given certain
assumptions, we can use a firm’s investment ιijt as a proxy for its unobserved productivity shock
ωijt. Similar to Blalock and Gertler (2008), I therefore rewrite the production function as:

qijt = β1τjt + β2τ
I
jt + αj + αt + βllijt + βmmijt + βkkijt + ωijt + ηijt

= β1τjt + β2τ
I
jt + αj + αt + βllijt + βmmijt + βkkijt + ht(ιijt, kijt) + ηijt (2.21)

where I approximate ht(·) using a third-order polynomial function in capital and investment that is
allowed to vary over time. Estimating Equation 2.21 produces consistent estimates for β1, β2, βl,
and βm.

VanBiesebroeck (2003) also notes that if we are willing to assume constant returns to scale, then
we can modify the OP method to estimate only βl and βm in the first stage, and βk ≡ 1− βl − βm.
TFP is then calculated and related to tariffs as shown in Equations 2.19 and 2.20. As in the two-
stage OLS procedure, I allow βl, βm, and βk to vary across industries.

Columns (6) and (7) of Table 2.A.1 show the results for these two procedures (OP-1 and OP-2)
for the formal sector. I conducted the OP-1 method using observations with positive investment
(about 70% of observations). For the OP-2 method, factor shares were calculated using obser-
vations with positive investment, then applied to all firms. The coefficients on final goods tariffs
(-0.06 in both cases) are statistically significant at the 1% level and indicate that a 50 percentage
point fall in final goods tariffs decreases formal sector productivity by approximately 3% (against
5.5% in the baseline case). In Column (6), we see that the coefficients on labor and materials are
slightly lower than the corresponding OLS coefficients, suggesting that unobserved productivity
shocks may bias the coefficients on variable inputs upwards in an OLS estimation (as predicted by
OP).

I did not conduct the OP method for the informal sector, as fewer than 20% of observations
in the sample have positive investment values. However, I use a similar method, suggested by
Levinsohn and Petrin (2003, LP). LP note that in a value-added production function, material
inputs can be used to proxy for unobserved productivity shocks. I therefore modify the first stage
of the LP procedure in a similar manner as discussed above for the OP procedure. In this case,
the dependent variable is the log of value added (output minus material inputs). Column (8) in
Table 2.A.1, and Column (6) in Table 2.A.2, show the modified LP results for the formal and
informal sectors, respectively. In the formal sector, the coefficients on final goods tariffs and input
tariffs (-0.08 and 0.53, respectively) have the same sign as the baseline results and are similar in
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magnitude. In the informal sector, the LP coefficient on final goods tariffs (0.30) is similar to the
baseline result, while the coefficient on input tariffs (0.68) is slightly larger than the baseline result
and is statistically significant.

In all of the productivity estimates above, I deflate output using industry-level price deflators.
However, heterogeneous firms models generally predict that more productive firms have higher
output and revenue, but charge lower prices. If this is the case in my dataset, then deflating firm
revenues by industry-level price deflators will systematically underestimate large firms’ productiv-
ities while overestimating small firms’ productivities. Hsieh and Klenow (2009) suggest that we
can correct for differential pricing within an industry by raising each firm’s nominal output (sales)
to the power σ/(σ − 1) where σ is the elasticity of substitution between differentiated goods. The
authors note that typical values of σ range from 3 to 10 in the literature; I therefore modify ob-
served output using each of these bounds for σ, and construct the TFP index based on this modified
output measure. Columns (9) and (10) in Table 2.A.1, and Columns (7) and (8) in Table 2.A.2,
show the results for the formal and informal sectors, respectively. For both values of σ, a fall in
final goods tariffs decreases formal sector productivity and increases informal sector productivity.

Finally, I use labor productivity (the log of output per number of employees) as an alternate
measure of productivity. While labor productivity is likely to overstate the productivity of larger,
more capital-intensive firms, it allows me to avoid calculating capital inputs. Column (11) in
Table 2.A.1 and Column (9) in Table 2.A.2 show a similar pattern as the TFP results, with a fall
in final goods tariffs decreasing formal labor productivity by 10% and increasing informal labor
productivity by 20%.

Despite some variation in magnitude across specifications, the results are robust to a variety of
productivity measures. A fall in final goods tariffs decreases average formal sector productivity
and increases average informal sector productivity; meanwhile, a concurrent fall in input tariffs
increases formal sector productivity and may also increase informal sector productivity.
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Appendix 2.B: Other Industrial Policy Changes
As discussed in Section 2.2, tariffs were harmonized beginning in 1991. However, India’s pre-
reform trade regime also included high non-tariff barriers (NTB), which required that firms obtain
licenses in order to import most goods (Aksoy 1992). Following the 1991 reforms, licensing re-
quirements were sharply reduced for non-consumer goods but remained in place for most consumer
goods (Epifani 2003).

Disaggregated measures of NTB barriers are unfortunately not available during the period of
the reforms. However, if NTB barriers are important in explaining productivity changes, then I
would expect the impact of the fall in tariffs on productivity to be larger in industries that also
faced declines in NTB protection. To that end, I create a dummy variable for NTB liberalization
that equals one for non-consumer goods industries and zero for consumer goods industries, based
on Nouroz’s (2001) classification. I then interact this dummy variable with the fall in final goods
tariffs in Tables 2.B.1 and 2.B.2. The sample size is somewhat smaller as I restrict the analysis to
those industries for which data on a variety of industrial policy changes (including those discussed
below) are available. Columns (1) and (5) of Table 2.B.1 indicate that in this restricted set of
industries, the effect of the fall in final goods tariffs on productivity is almost the same as the
baseline in the formal sector, and is slightly smaller in magnitude than the baseline in the informal
sector. Columns (2) and (6) suggest that NTB liberalization does magnify the effect of the fall in
tariffs on firm productivity in both sectors.

Tables 2.B.1 and 2.B.2 also investigate potential confounding effects of two other industrial
policy changes that occurred during the 1990s: the dismantling of the “license raj” and the al-
lowance of FDI into most industries without case-by-case approval. Until the 1980s, India’s “li-
cense raj” required every firm with more than 50 employees (100 employees without power) and a
certain amount of assets to obtain an operating license. The license specified, among other things,
the amount of output a firm could produce, the types of goods it could make, and its location
(Sharma 2008). In 1985, approximately one-third of industries were “delicensed” (the require-
ment for a license was dropped); in 1991, most industries were delicensed as part of the broader
reforms package (Aghion et al. 2008). Using aggregate industry-level data from 1980 to 1997,
Aghion et al. (2008) find that delicensing increases the number of formal firms (as well as output,
to some extent) in the formal sector, and increases formal sector growth among “pro-employer”
states relative to “pro-worker” states. A second important policy change that occurred in 1991
was the liberalization of FDI inflows. Prior to 1991, FDI was capped at 40% for most industries;
beginning in 1991, FDI inflows of up to 51% were allowed in selected industries with “automatic”
approval (Sivadasan 2009). Using firm-level ASI data, Sivadasan (2009) finds that FDI liberaliza-
tion increases productivity by approximately 15% in value added terms, or 4.5% in gross output
terms, among formal firms with more than 5 employees.

Using data on the delicensing and FDI reforms from Aghion et al. (2008),18 I find that the
effects of the tariff cuts are robust to controlling for these policies (Tables 2.B.1 and 2.B.2). The
coefficients on the fall in final goods tariffs are similar in magnitude to the baseline results. I
also find that delicensing decreases average firm size in the formal sector, which is consistent with

18Since Aghion et al.’s (2008) data stop in 1997, I use the 1997 delicensing and FDI reform variables for the 1999-
2000 survey round.
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the findings of Aghion et al. (2008), who show that delicensing increases the number of formal
firms by 6% while increasing output by 3% (which would thus decrease average firm output).
Somewhat surprisingly, I find a slightly negative correlation between FDI liberalization and formal
sector productivity, and positive correlations between FDI liberalization and both informal sector
productivity and firm size. Sivadasan (2009) finds that FDI liberalization increases average pro-
ductivity among formal firms with more than five employees by 1994; however, it is possible that
by 1999, FDI liberalization encourages entry into the formal sector by less productive firms, which
would be consistent with the overall negative correlation I find.
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Chapter 3

The “Missing Middle” in Indian
Manufacturing

A number of developing countries exhibit a “missing middle” in the employment size distribution.
This phenomenon refers to the fact that a large share of employment is found in small firms and
large firms, with less employment in mid-sized firms than is typically found in developed countries
(Tybout 2000). Figure 3.1 shows the employment size distribution in the Indian and US manufac-
turing industries in the 1990’s. As in the previous chapter, the Indian data include both informal
and formal firms, but are confined to firms that use material inputs to produce physical products.
Panel (a) shows that in the US, the largest share of employment (20%) is found in the 100-249
employee category. In contrast, less than 10% of Indian employment is found in firms with 100-
249 employees. Instead, approximately 50% of Indian employment is found in firms with fewer
than five employees, and the share of employment declines as employment size increases. Panel
(b) shows that the employment size categories in which India is “missing” the most employment,
relative to the US, are in the middle of the size distribution.

Figure 3.2 shows the same comparison for US firms and formal Indian firms, both with 10 or
more employees. In this case, the difference between the two distributions is less stark. However,
the missing middle pattern remains: India has a higher share of employment in small firms (less
than 50 employees) and large firms (more than 500 employees) than the US, and a lower share
of employment in mid-sized firms (50-500 employees). Two recent papers (Alfaro, Charlton and
Kanczuk 2009, Hsieh and Klenow 2009) argue that changing the firm size distribution by reallo-
cating resources across firms could increase productivity significantly in the Indian manufacturing
industry.

A number of explanations have been proposed for the missing middle. For example, Rauch
(1991) formalizes the theory that if costs are higher when firms grow above a certain size (for
instance, if minimum wage laws are not enforced for small firms), then the least productive firms
will choose to stay small in order to avoid the higher costs, while the most productive firms will
pay the higher costs in order to achieve optimal size. There will be a size range, just above the
cutoff at which the costs increase, where no firms will choose to locate, because the higher costs
outweigh the size advantage. In the Indian context, labor regulations provide an example of such
costs. Under India’s Industrial Disputes Act (IDA), firms with 100 or more workers have to obtain
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government permission in order to shut down or lay off workers, while firms with 50 or more
employees must pay severance wages to workers who are laid off.

Other potential explanations for the missing middle include lack of access to credit for small
and mid-sized firms and poor infrastructure quality. Sleuwaegen and Goedhuys (2002) find that
a higher share of mid-sized firms in Cote d’Ivoire report facing a number of barriers to growth,
including financial and infrastructure constraints, relative to small and large firms. Angelini and
Generale (2008) show that the distribution of firms that report being financially-constrained is
left-shifted compared to the distribution of other firms. In India, small firms are much less likely
to take out loans than large firms (see Chapter 1). Mazumdar and Sarkar (2008) point out that
although India has programs that attempt to allocate credit to small firms, these policies may in
fact exacerbate the missing middle because mid-sized firms may be too large to qualify for these
programs but too small to receive credit through standard channels.

As discussed in Chapter 1, several commentators and politicians have also argued that India’s
liberalization increased the share of small and informal firms (Hensman 2001, Jhabvala and Sinha
2002, Vajpayee 2003, among others), but there is little quantitative evidence to support this claim.
The evidence in Chapter 1 suggested that the employment size distribution in the formal sector
shifted to the left (towards more small firms) over time, while the (nominal) output size distribution
shifted to the right. In Chapter 2, I found that by 1999, industries that received higher tariff cuts had
more mid-sized firms and fewer small and large firms, in terms of (real) output. Other reforms that
took place during the 1980’s and 1990’s could also have affected the employment size distribution.
For example, the removal of licensing requirements for firms with 50 or more employees and a
certain amount of capital may have encouraged more firms to grow, as might the allowance of
foreign direct investment (FDI) into certain industries.

In this chapter, I conduct a quantitative study of how a variety of Indian policies affect the
employment size distribution of manufacturing firms. I consider several policies: (1) the share of
credit allocated by state banks to small-scale industries (SSI); (2) the estimated surplus (deficit) of
electricity in each state; (3) the liberalization of final goods and input tariffs; (4) the liberalization
of FDI inflows; and (5) the removal of licensing requirements for firms with 50 or more employees
and a certain amount of capital (“delicensing”). I employ quantile regression techniques to estimate
the effect of each policy on various percentiles of the employment size distribution, and I also
simulate what the distribution would look like under various policy scenarios.

I restrict my analysis to formal manufacturing firms for two reasons. First, the vast majority
of informal firms have fewer than five employees, while the missing middle generally refers to
mid-sized firms. Second, preliminary results indicated that the policies under consideration had
very little impact on the employment size distribution in the informal sector. As in Chapter 2, I
also restrict my analysis to formal firms that use material inputs to produce physical products, and
to those industries for which I have data on the above-mentioned policies.

I would ideally measure the impact of Indian labor regulations on the employment size distri-
bution, but the measures of labor regulations I use (from Besley and Burgess (2004) and Ahsan
and Pages (2007)) do not vary significantly during the 1990s. However, since labor regulations
may play an important role in India’s missing middle, I consider whether each of the policies dis-
cussed above has a different impact on the employment size distribution in states designated as
“pro-worker,” “pro-employer,” or “neutral” based on Besley and Burgess’s (2004) classification
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system.
I find that improving India’s poor electricity supplies from the 25th to the 75th percentile of

state-level electricity surpluses (-10% to 4%) is associated with a shift in the employment size
distribution away from firms with 5-50 employees and towards firms with 50-1,000 employees,
thus mitigating the missing middle. Furthermore, the effects of improving electricity supplies
would be greater in pro-employer states than in pro-worker states. A similar increase in the share
of credit allocated to SSIs is correlated with shifting density away from firms with 10-50 employees
and towards firms with 5-10 and 50-500 employees; however, the quantile regression results for
the increase in credit to SSIs are not statistically significant.

India’s reforms of the 1990’s had varying impacts on the employment size distribution. If we
consider only final goods tariff liberalization, the missing middle was exacerbated, as the density
of employment size shifted away from firms with 10-100 employees and towards firms with fewer
than 10 employees. However, the overall effect of the trade liberalization, considering both final
goods and input tariffs, was to mitigate the missing middle by shifting the density of employment
size away from firms with 1-10 employees and towards firms with 10-100 employees. The FDI
liberalization also shifted density away from relatively small firms (with fewer than 20 employ-
ees) and towards larger firms (with 20-500 employees), while delicensing increased the density
of employment size for firms with 10 to approximately 60 employees while shifting density away
from relatively small (5-10 employee) and large (60-1,000 employee) firms. The FDI liberalization
clearly moderated the missing middle, while the effect of the delicensing reforms may reflect the
fact that more firms began to operate just above the 50-employee mark. The effects of the FDI
liberalization were also somewhat larger in pro-employer states, while the effects of delicensing
were larger in pro-worker states.

The remainder of this chapter is organized as follows: Section 3.1 provides an overview of the
policies I will consider, Section 3.2 discusses the empirical strategy, Section 3.3 presents results,
and Section 3.4 concludes.

3.1 Brief Overview of Policies
As discussed above, one potential cause of the missing middle is the lack of credit available to
small firms. In India, 40% of the credit granted by banks must go to “priority sectors,” one of
which consists of SSIs (Banerjee and Duflo 2008). A firm can register as an SSI if the value of
its fixed assets is below a certain limit.1 Individual banks have some discretion as to how they
allocate the 40% among the various priority sectors; using various annual reports of the Reserve
Bank of India, I measure the availability of credit for SSIs as the fraction of total outstanding credit
allocated to SSIs in each state.

Another potential contributor to the missing middle is the lack of infrastructure. Poor infras-
tructure, and in particular the poor provision of electricity, has been identified as a barrier to devel-
opment (UNCTAD 2006). The evidence presented in Chapter 1 suggests that most small, informal
firms use labor-intensive processes and do not use electricity; in contrast, nearly all mid-sized and

1The limit on fixed assets was Rs. 3.5 million from 1985 to 1989; Rs. 6 million from 1989 to 1991; Rs. 30 million
from 1991 to 1997; and Rs. 10 million from 1997 onwards (DCMSME Last checked March 16, 2010). Banerjee and
Duflo (2008) use these changes to provide evidence that firms affected by these changing limits are credit constrained.
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large firms use electricity. Sleuwaegen and Goedhuys (2002) find that mid-sized firms in Cote
d’Ivoire are more likely than small and large firms to consider poor infrastructure a barrier to
growth. In the Indian context, anecdotal evidence indicates that many large firms use their own
generators to provide an uninterrupted supply of electricity; however, mid-sized firms may use
capital-intensive production processes that depend on electricity, but may be unable to produce a
sufficient quantity of electricity in-house. As a measure of the adequacy of electricity supply, I
use estimates of electricity supply and demand from the Centre for Monitoring Indian Economy
(CMIE). The CMIE estimates the expected annual electricity demand in every state, as well as the
electricity supply based on in-state production and transfers (CMIE 1999-2000). Based on their
estimates, I calculate the fraction of electricity surplus/deficit (supply minus demand, divided by
demand), to serve as a proxy for electricity availability.2

Chapter 2 discussed the three other policies that I will consider. First, trade liberalization
reduced the average tariff rate from 95% to 35% ad valorem between 1989 and 1999. Second,
FDI inflows, which were previously capped at 40% for most industries, were allowed up to 51%
in selected industries with “automatic” approval beginning in 1991 (Sivadasan 2009). Third, the
“license raj,” which required firms with more than 50 employees (100 employees without power)
and a certain amount of assets to obtain an operating license, was dismantled during the 1980’s
and 1990’s (Sharma 2008). In 1985, approximately one-third of industries were “delicensed” (the
requirement for a license was dropped); in 1991, most industries were delicensed as part of the
broader reforms package (Aghion et al. 2008). Data on the tariff reforms are from the Government
of India’s Customs Tariff Working Schedules and the Trade Analysis and Information System
(TRAINS) database maintained by the United Nations Conference on Trade and Development
(UNCTAD); details on how measures of final goods tariffs and input tariffs are calculated for each
industry were provided in Chapter 2. Data on the FDI and delicensing reforms are from Aghion et
al. (2008).3 The FDI reform variable measures the fraction of product lines within an industry that
were liberalized. The delicensing variable is a dummy that takes on a value of one if all or part of
the industry was delicensed, zero otherwise.

Finally, as discussed above, I cannot estimate the impact of labor regulations on the employ-
ment size distribution since the measure of labor regulations that I use does not change during the
course of the 1990’s. India’s IDA lays out labor regulations at a national level, but states may make
amendments to the IDA. Besley and Burgess (2004) classify each amendment as “pro-worker” or
“pro-employer,” with pro-worker amendments rated +1 and pro-employer amendments rated -1.
Each state is then assigned an overall value of +1 if the sum of the ratings for amendments passed
is positive in a particular year, -1 if the sum of the ratings for amendments passed is negative in a
particular year. The measure of labor regulations is then the cumulative sum of the state’s yearly
amendments. In 1989, the cumulative measures range from -2 to 4. I use these cumulative mea-
sures from 1989 to test whether the effects of the above-mentioned policies on the employment size
distribution vary across pro-worker, pro-employer, and “neutral” states (those with a cumulative
measure of zero).

Table 3.1 provides summary statistics for the policy measures discussed above. I combine these

2The CMIE data on electricity end in 1996; therefore, I assign the 1996 values to the 1999 firm-level data in my
dataset.

3Since their data stop in 1997, I use the 1997 delicensing and FDI reform variables for the 1999-2000 survey round.
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data on policy measures with firm-level data from the formal sector in 1989, 1994, and 1999. The
firm-level dataset was discussed in detail in Chapters 1 and 2. I restrict my analysis to formal
manufacturing firms that use material inputs to produce physical products. By necessity, I also
restrict my analysis to those industries and states for which I have data on the policies discussed
above, which leaves me with a somewhat smaller sample of formal firms than the one used in
Chapter 2.

3.2 Empirical Strategy
I employ quantile regression techniques to identify the effects of the policies discussed in Sec-
tion 3.1 on the employment size distribution. I begin by estimating the following equation for
employment at firm i in state s and industry j at time t:

lijst = β1CreditSharest + β2ElecSurplusst + β3τjt + β4τ
I
jt + β5Delicjt + β6FDIjt...

...+ γ1CreditSharest ∗BBs + γ2ElecSurplusst ∗BBs + γ3τjt ∗BBs + ...

...γ4τ
I
jt ∗BBs + γ5Delicjt ∗BBs + γ6FDIjt ∗BBs + αj + αs + αt + εijst (3.1)

CreditSharest is the share of total outstanding credit allocated to SSIs by state banks.
ElecSurplusst is the state’s electricity surplus (estimated supply minus demand, divided by de-
mand). τjt and τ Ijt are ad valorem final goods and input tariffs, as negative fractions; in other
words, the coefficients on these variables can be interpreted as the results of tariff liberalizations.
Delicjt is a dummy variable equal to one if the industry (or part of the industry) is delicensed, zero
otherwise. FDIjt is the share of products within an industry in which FDI up to 51% is allowed
without case-by-case authorization. The credit and electricity surplus measures vary by state and
time, while the tariff, delicensing, and FDI liberalization measures vary by industry and time. BBs

is a measure of how pro-worker or pro-employer a state’s labor regulations were in 1989, based
on Besley and Burgess (2004), with -2 being the most pro-employer state and 4 being the most
pro-worker state. The measure of labor regulations does not vary over time.

Data sources for the policy variables were discussed in Section 3.1, while the data source for the
employment variable was discussed in Chapter 2. All regressions include industry and state dummy
variables, to control for any time-invariant, industry- or state-specific characteristics, as well as
time dummy variables, to control for any macroeconomic shocks that affected all industries/states
in the same way at the same time.

I conduct quantile regressions for employment size at every 5th percentile of the distribution.
All regressions use inverse sampling multipliers to re-weight firm-level observations, so the results
should be representative of the population of formal manufacturing firms. As discussed in Chapter
2, the parameters are identified using the methodology developed by Koenker and Bassett (1978).
I then use a modified version of the technique from Machado and Mata (2005), also described
in Chapter 2, to simulate counterfactual employment size distributions under a variety of policy
scenarios.
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3.3 Results
The quantile regression results are presented graphically in Figures 3.3 through 3.5. In each of
these figures, the solid line indicates the quantile regression coefficient at each of 19 percentiles
(5th, 10th, etc.) while the dotted lines indicate the 90% confidence intervals from a block bootstrap
that is clustered at the state-by-industry level.

The counterfactual simulation results are presented in Figures 3.6 through 3.11. The specific
counterfactual scenarios considered for each policy reform are discussed below.

3.3.1 Credit and Electricity
Panel (a) of Figure 3.3 presents the quantile regression coefficients for the share of credit allocated
to SSIs. Allocating a greater fraction of credit to SSIs is associated with smaller employment
sizes in the lower quantiles of the distribution, but larger employment sizes in the upper quantiles;
however, the results are not statistically significant.

Panel (a) of Figure 3.6 illustrates the change in employment size distribution that would be
expected if a state moved from the 25th percentile of credit share allocated to SSIs (15%) to the
75th percentile (20%). It suggests that increasing the share of credit allocated to SSIs from 15% to
20% would decrease the density of the employment size distribution in the 1-5 and 10-50 employee
ranges and increase it in the 5-10 employee and 50-500 employee ranges.

Furthermore, Figure 3.9 indicates that the effects of allocating credit to SSIs depend on state
labor regulations. In this figure, I simulate the changes in the employment size distribution asso-
ciated with increasing the credit share allocated to SSIs from 15% to 20% under three different
scenarios: (1) setting BBs to zero in Equation 3.1, which implies a neutral state with respect to
labor regulations; (2) setting BBs to +1, which implies a pro-worker state; and (3) setting BBs to
-1, which implies a pro-employer state. Figure 3.9 suggests that the results discussed above are
greater in pro-worker states than in neutral states; that is, in pro-worker states, increasing the allo-
cation of credit to SSIs is associated with a greater decrease in the density of the employment size
distribution in the 10-50 employee range and a greater in increase in the 5-10 employee and 50-
500 employee ranges. However, in pro-employer states, allocating more credit to SSIs increases
the density of employment size in the 10-100 employee range and decreases it in the 100-500
employee range.

Panel (b) of Figure 3.3 shows that increasing the electricity surplus (reducing the deficit) in-
creases firm size across nearly all quantiles of the distribution, though the effects are only statis-
tically significant for the upper quantiles. Panel (b) of Figure 3.6 indicates that moving from the
25th percentile of electricity surplus (-10%) to the 75th percentile (+4%) mitigates the missing
middle, by decreasing the prevalence of firms with 5-50 employees and increasing the prevalence
of firms with 50 to nearly 1,000 employees.

I conduct a similar exercise as described above to examine whether the effect of increasing the
electricity surplus varies with labor regulations. Panel (b) of Figure 3.9 suggests that increasing
the electricity surplus diminishes the missing middle in neutral, pro-worker, and pro-employer
states, though the effect is slightly more pronounced in pro-employer states and less pronounced
in pro-worker states.
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3.3.2 Trade and Industrial Reforms
Figure 3.4 shows the effects of the trade liberalization - the falls in final goods and input tariffs
- on various quantiles of the employment size distribution. The final goods tariff liberalization
decreases employment size across all quantiles of the distribution, though the effects are only
statistically significant in the lower quantiles. The fall in input tariffs increases employment size
in the lower quantiles, but may decrease it in the upper quantiles; the effects are only statistically
significant in the lower quantiles.

Figure 3.7 shows the simulated changes in the density of employment size associated with
the trade liberalization. I consider the effects of the final goods tariff liberalization alone (Panel
(a)), the intermediate input tariff liberalization alone (Panel (b)), and the final goods and input
tariff liberalizations together (Panel (c)). Each simulation shows the change between the density
of employment size with tariffs as they were distributed in 1999, minus the density with tariffs as
they were distributed in 1989, all else equal.

Panel (a) indicates that the final goods tariff liberalization exacerbated the missing middle by
increasing the density of employment in the 1-10 employee range and decreasing it in the 10-100
employee range. However, Panel (b) shows that the input tariff liberalization had the opposite
effect. Panel (c), which combines the final goods and input tariff liberalizations, indicates that the
overall effect of the trade reforms was to mitigate the missing middle by shifting density away from
the 1-10 employee category and towards the 10-100 employee category. The effects of the trade
liberalization do not appear to vary across states with different labor regulations (Figure 3.10).

If we compare the effects of the trade liberalization on employment size to the effects on output
size (see Chapter 2), there are notable parallels. In both cases, the final goods tariff liberalization
led to a fall in formal firm size (in terms of output and employment), while the input tariff liberal-
ization led to an increase in formal firm size.

Finally, Figure 3.5 shows the quantile regression coefficients for the two other industrial policy
reforms that took place during the 1990’s: FDI reform and delicensing. Panel (a) indicates that FDI
liberalization is associated with increased employment size across most quantiles of the distribu-
tion; the results are statistically significant for most quantiles. Moving from having 0% of product
lines FDI-liberalized to having 100% of product lines FDI-liberalized shifts density away from
firms with 5-20 employees and towards firms with 20-500 employees, thus decreasing the missing
middle phenomenon (Panel (a) of Figure 3.8). Similar to the results for electricity, Panel (a) of
Figure 3.11 shows that this effect is more pronounced for states with pro-employer regulations.

Panel (b) of Figure 3.5 suggests that delicensing increases employment size in the lower quan-
tiles of the distribution but decreases it in the upper quantiles; the results are only statistically
significant in the upper quantiles. Consistent with this pattern, Panel (b) of Figure 3.8 indicates
that when an industry is delicensed, firms with 10-60 employees become more prevalent, while
firms with 5-10 employees and 60-1,000 employees become less prevalent. In contrast with the
FDI liberalization results, Panel (b) of Figure 3.11 suggests that the effect is slightly more pro-
nounced in pro-worker states.
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3.4 Conclusion
The results indicate that a number of different policies play a role in India’s missing middle. In
particular, the poor provision of electricity seems to be an important driver of the missing middle;
improving electricity surplus from the 25th to the 75th percentile (-10% to 4%) is associated with
shifting density away from formal firms with 5-50 employees and towards firms with 50-1,000
employees. The allocation of credit to SSIs also seems to be correlated with employment size to
some extent; although the quantile regression results are not statistically significant, they suggest
that increasing credit to SSIs may shift the employment size density towards firms with 5-10 and
50-500 employees.

The liberalization measures that India undertook during the 1990’s - trade reform, FDI liberal-
ization, and delicensing - had mixed impacts on the employment size distribution. The final goods
tariff liberalization exacerbated the missing middle, while the input tariff liberalization mitigated
it. Overall, the impact of the trade liberalization was to shift employment size density away from
firms with fewer than 10 employees and towards firms with 10-100 employees.

The FDI liberalization is associated with a smaller missing middle, as the density of employ-
ment size shifted away from firms with fewer than 20 employees and towards firms with 20-500
employees. Delicensing had a more ambiguous impact on the missing middle, as the density of
employment size shifted away from firms with 5-10 and more than 60 employees and towards firms
with 10-60 employees. It is somewhat surprising that the delicensing reforms may have moved em-
ployment share away from relatively large firms (those with more than 60 employees) and towards
relatively small firms (10-60 employees). However, since these reforms presumably made it easier
for firms to have more than 50 employees, the shift in density may reflect more firms operating just
above the 50-employee mark.

It is important to interpret some of the results presented here with caution. As discussed in
Chapter 2, the trade liberalization was initiated as part of a reforms package required by the IMF,
and evidence suggests that the tariff liberalization measures were not driven by, or otherwise cor-
related with, pre-reform industry characteristics. It would thus be reasonable to interpret these
results as the causal impact of the trade liberalization on the employment size distribution. The
FDI liberalization and delicensing reforms were also largely imposed as part of the 1991 reforms
package. However, the allocation of credit to SSIs and the electricity surplus are driven by state
policy. While all of the analyses conducted in this chapter include state dummy variables to ac-
count for time-invariant, state-specific characteristics, it is possible that changes in state credit and
electricity policies are correlated with time-varying state characteristics.

The results also suggest that state labor regulations may have important effects on the way in
which these policies affect the missing middle. The effects of improving electricity supplies and
liberalizing FDI are larger in pro-employer states, while the effects of providing credit to SSIs
and delicensing are larger in pro-worker states. In addition, theory suggests that labor regulations
are likely to have a direct effect on the missing middle. Developing a more detailed measure of
labor regulations, including an assessment of whether and how those regulations changed during
the 1990’s, is an important area for future research.

88



Figure 3.1: Employment Size Distribution, India versus US

(a) Employment Shares by Number of Employees
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(b) Difference in Employment Shares
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Panel (a) shows the share of manufacturing employment, by employment size, in India and the US.
Panel (b) shows the difference between the share of manufacturing employment in India and the
share of manufacturing employment in the US (India minus US), by employment size. Indian data
include both formal and informal manufacturing firms. Source: Author’s calculations based on
US Census of Manufactures, 1997; Annual Survey of Industries, 1994; Unorganized Manufacture
Survey, 1994.
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Figure 3.2: Employment Size Distribution, India (Formal Sector) versus US

(a) Employment Shares by Number of Employees

0
.0

5
.1

.1
5

.2
F

ra
c
ti
o
n
 o

f 
E

m
p
lo

y
m

e
n
t

10
−1

9

20
−4

9

50
−9

9

10
0−

24
9

25
0−

49
9

50
0−

99
9

10
00

−2
49

9

25
00

+

Employment in India (Formal Sector) vs. US

India (Formal Sector) US

(b) Difference in Employment Shares

−
.0

4
−

.0
2

0
.0

2
.0

4
D

if
fe

re
n
c
e
 i
n
 F

ra
c
ti
o
n
 o

f 
E

m
p
lo

y
m

e
n
t

10
−1

9

20
−4

9

50
−9

9

10
0−

24
9

25
0−

49
9

50
0−

99
9

10
00

−2
49

9

25
00

+

Employment in India (Formal Sector) vs. US

Panel (a) shows the share of manufacturing employment, by employment size, in India and the
US, for firms with 10 or more employees. Panel (b) shows the difference between the share of
manufacturing employment in India and the share of manufacturing employment in the US (India
minus US), by employment size. Indian data include formal manufacturing firms. Source: Au-
thor’s calculations based on US Census of Manufactures (1997) and Annual Survey of Industries
(1994).
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Figure 3.3: Quantile Regression Results - Credit and Electricity

(a) Credit to SSIs
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(b) Electricity Surplus
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Panels (a) and (b) show the effects of credit given to small-scale industries (SSI) and electricity
surpluses, respectively, on various quantiles of the firm size (employment) distributions in the
formal sector. Dependent variable is log of employment. Solid lines show quantile regression
(QR) coefficients at each of 19 quantiles (5th, 10th,...,95th) of the firm size distribution. Dashed
lines indicate 90% confidence intervals, based on a block bootstrap.
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Figure 3.4: Quantile Regression Results - Trade Liberalization

(a) Final Goods Tariffs
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(b) Input Tariffs
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Panels (a) and (b) show the effects of a fall in final goods and input tariffs, respectively, on various
quantiles of the firm size (employment) distributions in the formal sector. Dependent variable is
log of employment. Solid lines show quantile regression (QR) coefficients at each of 19 quantiles
(5th, 10th,...,95th) of the firm size distribution. Dashed lines indicate 90% confidence intervals,
based on a block bootstrap.
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Figure 3.5: Quantile Regression Results - Other Industrial Policy Reforms

(a) FDI Liberalization
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(b) Delicensing
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Panels (a) and (b) show the effects of FDI liberalization and delicensing, respectively, on various
quantiles of the firm size (employment) distributions in the formal sector. Dependent variable is
log of employment. Solid lines show quantile regression (QR) coefficients at each of 19 quantiles
(5th, 10th,...,95th) of the firm size distribution. Dashed lines indicate 90% confidence intervals,
based on a block bootstrap.
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Figure 3.6: Changes in the Employment Size Distribution - Credit and Electricity

(a) Credit to SSIs
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(b) Electricity Surplus
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Panels (a) and (b) show the simulated changes in the employment size distribution associated with
moving from the 25th percentile to the 75th percentile of credit share given to small-scale
industries (SSI) and electricity surpluses, respectively. Simulated densities were developed using
a modified version of the procedure from Machado and Mata (2005). Changes in density were
calculated by estimating the densities associated with the 25th and 75th percentiles at the same
points and subtracting the 25th percentile value from the 75th percentile value.
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Figure 3.7: Changes in the Employment Size Distribution - Trade Liberalization

(a) Final Goods Tariffs
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(b) Input Tariffs
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(c) Overall Trade Liberalization
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Panels (a), (b), and (c) show the simulated changes in the employment size distribution associated
with the fall in final goods tariffs, input tariffs, and overall trade liberalization (a fall in both final
goods and input tariffs), respectively, between 1989 and 1999. Simulated densities were
developed using a modified version of the procedure from Machado and Mata (2005). Changes in
density were calculated by estimating the 1989 and 1999 densities at the same points and
subtracting the 1989 values from the 1999 values.
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Figure 3.8: Changes in the Employment Size Distribution - Other Industrial Policy Reforms

(a) FDI Liberalization
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(b) Delicensing
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Panels (a) and (b) show the simulated changes in the employment size distribution associated with
FDI liberalization and delicensing, respectively. Simulated densities were developed using a
modified version of the procedure from Machado and Mata (2005). Changes in density were
calculated by estimating the densities with and without FDI liberalization (delicensing) at the
same points, and subtracting the values without FDI liberalization (delicensing) from the values
with FDI liberalization (delicensing).
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Figure 3.9: Changes in the Employment Size Distribution - Credit, Electricity, and Labor Regula-
tions

(a) Credit to SSIs
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(b) Electricity Surplus
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Panels (a) and (b) show the simulated changes in the employment size distribution associated with
moving from the 25th percentile to the 75th percentile of credit share given to small-scale
industries (SSI) and electricity surpluses, respectively. Simulated distributions were developed
using a modified version of the procedure from Machado and Mata (2005). Changes in density
were calculated by estimating the densities associated with the 25th and 75th percentiles at the
same points and subtracting the 25th percentile value from the 75th percentile value. Distributions
were estimated for states with different pre-reform (1989) labor regulations, based on
classifications from Besley and Burgess (2004): “Neutral” indicates a classification of zero,
“Pro-Worker” indicates a classification of one; and “Pro-Employer” indicates a classification of
negative one.

97



Figure 3.10: Changes in the Employment Size Distribution - Trade Liberalization and Labor Reg-
ulations

(a) Final Goods Tariffs
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(b) Input Tariffs
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(c) Overall Trade Liberalization
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Panels (a), (b), and (c) show the simulated changes in the employment size distribution associated
with the fall in final goods tariffs, input tariffs, and overall trade liberalization (a fall in both final
goods and input tariffs), respectively, between 1989 and 1999. Simulated distributions were
developed using a modified version of the procedure from Machado and Mata (2005). Changes in
density were calculated by estimating the 1989 and 1999 densities at the same points and
subtracting the 1989 values from the 1999 values. Distributions were estimated for states with
different pre-reform (1989) labor regulations, based on classifications from Besley and Burgess
(2004): “Neutral” indicates a classification of zero, “Pro-Worker” indicates a classification of
one; and “Pro-Employer” indicates a classification of negative one.
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Figure 3.11: Changes in the Employment Size Distribution - Other Industrial Policy Reforms and
Labor Regulations

(a) FDI Liberalization
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(b) Delicensing
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Panels (a) and (b) show the simulated changes in the employment size distribution associated with
FDI liberalization and delicensing, respectively. Simulated distributions were developed using a
modified version of the procedure from Machado and Mata (2005). Changes in density were
calculated by estimating the densities with and without FDI liberalization (delicensing) at the
same points, and subtracting the values without FDI liberalization (delicensing) from the values
with FDI liberalization (delicensing). Distributions were estimated for states with different
pre-reform (1989) labor regulations, based on classifications from Besley and Burgess (2004):
“Neutral” indicates a classification of zero, “Pro-Worker” indicates a classification of one; and
“Pro-Employer” indicates a classification of negative one.
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Table 3.1: Policy Variables

Panel A: Summary Statistics, 1989
Mean Std. Dev. Min Max

% Credit Share to SSIs 18.6 4.7 14.4 30.2
% Electricity Surplus -0.4 22.7 -23.4 50.1
Final Goods Tariffs (% ad valorem) 96.4 44.4 0 355
Input Tariffs (% ad valorem) 99.9 9.4 74.7 133.6
FDI Liberalized 0.0 0.0 0 0
Delicensed 0.4 0.5 0 1

Panel B: Summary Statistics, 1994
Mean Std. Dev. Min Max

% Credit Share to SSIs 15.2 3.5 10.9 23.2
% Electricity Surplus -3.5 10.3 -18.8 25.2
Final Goods Tariffs (% ad valorem) 63.8 34.1 28.2 400
Input Tariffs (% ad valorem) 60.5 5.3 33.6 74.1
FDI Liberalized 0.3 0.4 0 1
Delicensed 0.9 0.3 0 1

Panel C: Summary Statistics, 1999
Mean Std. Dev. Min Max

% Credit Share to SSIs 15.7 5.1 11.1 29.7
% Electricity Surplus -6.0 16.3 -24.8 40.3
Final Goods Tariffs (% ad valorem) 35.8 15.8 12.5 158.3
Input Tariffs (% ad valorem) 34.5 2.6 25 42.3
FDI Liberalized 0.4 0.4 0 1
Delicensed 0.9 0.3 0 1

Summary statistics for the policy variables in 1989, 1994, and 1999. Final goods and input tar-
iffs are ad valorem values (%) and vary by industry. “Delicensed” is a dummy variable equal to
zero if an industry required operating licenses, one otherwise. “FDI Reform” is the fraction of
product lines within an industry that do not require case-by-case approval of FDI up to 51%. “%
Electricity Surplus” is the estimated surplus of electricity available in the state. “% Credit Share
to SSIs” is the estimated share of total credit extended by state banks that was given to small-scale
industries (SSI). Source: Credit data are based on various publications of the Reserve Bank of
India. Estimates of electricity surplus are based on CMIE (1999-2000). Final goods tariff data are
based on customs tariff publications of the Government of India and the Trade Analysis and Infor-
mation System (TRAINS) database maintained by the United Nations Conference on Trade and
Development (UNCTAD). Input tariffs are calculated by using final goods tariff data and India’s
Input-Output Transactions Table. FDI liberalization and delicensing data are from Aghion et al.
(2008).
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