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Kathuria, Vinish, Rajesh Raj, S.N., and Sen, Kunal—The effects of economic reforms on
manufacturing dualism: Evidence from India

Dualism is a pervasive feature of the manufacturing sectors of less-developed countries,
with large differences in productivity between the informal and the formal sectors. Policy
distortions are viewed as an important factor behind the prevalence of manufacturing
dualism. We examine whether tariff reforms, industrial de-licensing and the withdrawal
of reservation of products for small firms implemented since the mid-1980s have had
any effects on efficiency differentials between informal and formal firms in Indian manu-
facturing. We find strong evidence that economic reforms have exacerbated dualism by
increasing the productivity differentials between the more efficient formal firms and the
less efficient informal firms. Journal of Comparative Economics 41 (4) (2013) 1240–1262.
SJMSOM, Indian Institute of Technology Bombay, Mumbai, India; Centre for Multi-Disci-
plinary Development Research, Dharwad, India; IDPM, University of Manchester, UK.
� 2012 Association for Comparative Economic Studies Published by Elsevier Inc. All rights
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1. Introduction

Dualism is a pervasive feature of the manufacturing sectors of most developing economies. Typically the manufacturing
sector in these economies has a large low-productivity informal sector, where most firms reside, along a relatively small
high-productivity formal sector, comprising fewer firms (Little et al., 1987; Bourguignon and Morrison, 1998; Temple,
2005; World Bank, 2005). The informal sector comprises around two-thirds of non-agricultural employment and about a
quarter of non-agricultural output in Africa and Asia1 (Charmes, 2000, 2006), and in spite of strong economic growth in several
African and Asian countries in recent years, the persistence in the size of the informal sector along with large differences in pro-
ductivity and earnings between the informal and formal sectors has remained a matter of policy concern (ILO, 2002; WTO,
2009).

Persistence of manufacturing dualism has strong negative implications both for efficiency and equity in the economy
(Mazumdar and Sarkar, 2008). The existence of a large low-productivity informal sector alongside the high-productivity for-
mal sector can act as a constraint to the growth of aggregate productivity in the economy (Temple, 2005). At the same time,
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sharp differences in earnings between workers in the informal and formal sectors lead to a high level of income and asset
inequality, which may worsen further if the process of economic growth is biased towards the growth of the formal sector
(in terms of productivity and capital accumulation) rather than the informal sector (WTO, 2009).

While the determinants of the persistence of manufacturing dualism is not well understood, it is commonly believed that
an important factor behind the prevalence of dualism is the policy regime, and that trade and industrial policies that inhibit
competition and technological change may exacerbate dualism, especially if they are protective of the formal sector or con-
strain the growth of the informal sector (Little, 1987; Gang, 1992; Tybout, 2000). Economic reforms that allow for a level
playing field between the informal and formal sectors may therefore act as a significant positive force in reducing dualism
(World Bank, 2005). However, it is not clear if this will indeed be the case if economic reforms provide a more favourable
environment for the more well-resourced larger firms in the formal sector to expand and reap economies of scale, to obtain
best-practice technology, and to seek market opportunities overseas as compared to less well resourced smaller firms in the
informal sector. Therefore, whether economic reforms help reduce manufacturing dualism or exacerbate it is an empirical
question.

In this paper, we examine the effects of economic reforms on manufacturing dualism, which we take to mean the existence
of productivity differentials between informal and formal manufacturing firms. We are specifically interested in the technical
efficiency levels of formal and informal manufacturing firms and the effects of economic reforms on these efficiency levels. We
measure efficiency using the stochastic frontier analysis (SFA) method pioneered by Aigner et al. (1977). Technical efficiency
captures the extent to which firms in the manufacturing sector are producing the maximum possible output, for a given bun-
dle of inputs, in a given industry, and improvements in technical efficiency of the average firm imply a higher level of output
being produced on average, for a given level of inputs in that industry (Kumbhakar and Lovell, 2000).

The country we study is India, where there is a long history of manufacturing dualism (Little et al., 1987) and where about
80% of manufacturing employment and 17% of manufacturing output is in the informal sector (NCEUS, 2007). It is commonly
believed that the dualism evident in the manufacturing sector was a legacy of a set of economic policies that provided pro-
tection to the larger manufacturing firms from external competition via an import substituting industrialization policy re-
gime and also made it difficult for new firms, whether domestic or foreign, to enter the formal sectors of industries
through a strict licensing policy (Panagariya, 2008). At the same time, small firms (which were mostly in the informal sector)
were protected via a small scale sector reservation policy which did not allow larger firms to produce specific products that
were seen as the domain of small firms (Mohan, 2002). This led to an industrial structure where both very small and very
large firms were present in the same industry, with significant productivity differences between the informal and formal sec-
tors (Kochhar et al., 2006; Mazumdar and Sarkar, 2008). In the early 1990s, with the advent of major economic reforms,
industrial licensing was abolished in majority of industries, followed by a second wave of de-licensing in the mid 1990s. In-
dia has also witnessed rapid trade liberalisation since 1991, where there was a significant reduction in tariffs on most com-
modities (Sen, 2008). The trade reforms were particularly targeted to the manufacturing sector which was among the most
protected in the developing world prior to the 1990s (Bhagwati and Srinivasan, 1975). The reservation of industries for the
small sector was also gradually phased out since the mid 1990s. These reforms were mainly in product markets and varied
substantially over time and across industries. Thus, they provide us a unique empirical context to evaluate the effects of eco-
nomic reforms on efficiency differentials between informal and formal firms. Existing studies do not provide an unambigu-
ous answer on the impact of these reforms on efficiency of formal and informal manufacturing firms, and whether there has
been a widening or narrowing increasing efficiency gap between the more efficient formal firms and the less efficient infor-
mal firms following these reforms (Kathuria et al., 2010).2 We construct a composite reform variable that captures the key sets
of product market reforms enacted in India since the late 1980s, which are de-licensing, de-reservation and tariff reforms, and
test for its effect on efficiency differentials between formal and informal firms, as well as examining the effects of each of the
product market reforms on these differentials separately.

We use a very rich data-set which combines large representative surveys of informal firms with the census-cum-sample
data on formal manufacturing firms. The data are pooled cross-sections of firm-level data, available quinquennially, begin-
ning in 1989–1990 and ending in 2005–2006. We employ stochastic frontier analysis to obtain firm level measures of tech-
nical efficiency. Since the location of the firm, especially around the threshold size, either in the formal or in the informal
sector is not random but depends on firm choice, a comparison of efficiency levels between firms in the informal and formal
manufacturing sectors without addressing the endogeneity of firm location would not be appropriate. Such a comparison
would bias upwards the efficiency levels of formal manufacturing firms if these levels depended on the firm being located
in the formal sector. Our stochastic frontier analysis corrects for this selection bias, using a methodology proposed by Greene
(2010). We find strong evidence that economic reforms have helped the productivity of Indian manufacturing firms to in-
crease across both the formal and informal sectors, the increase being more for the formal sector firms. Economic reforms
have caused an increase in manufacturing dualism in India by increasing efficiency differentials between formal and infor-
mal firms.

The rest of the paper is in five sections. In the next section, we provide a brief discussion of the Indian policy regime per-
taining to the manufacturing sector and how these reforms may have affected the efficiency levels of formal and informal
2 De Vries et al. (2012) find evidence of increasing dualism in the Indian manufacturing sector, using employment survey data rather than the firm-level data
we use in this paper in the post-1993 period, though they do not explicitly test for the effect of reforms on manufacturing dualism.
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firms. In Section 3, we describe our econometric methodology and discuss the empirical specification. Section 4 describes the
data and the variables used in the empirical analysis. Section 5 presents the results of the empirical analysis. Section 6
concludes.
2. Policy reforms in Indian manufacturing

The formal manufacturing sector in India is taken to be definitionally equivalent to the organised sector, which comprises
firms which are registered under the Factories Act of 1948 of the Government of India (Kulshreshtha, 2011). Firms have to
register with the Indian government under the Factories Act if they employ ten or more workers and use electricity in their
operations, or if they employ twenty or more workers without the use of electricity in their operations (Pais, 2008). The Fac-
tories Act regulates the conditions of work in the formal manufacturing sector, including minimum safety, sanitary, health
and welfare standards, as well as stipulating regulations on hours of work, leave with wages and holiday provisions for work-
ers which employers in the formal sector need to follow or face stiff penalties (NCEUS, 2009). In addition, firms registered
under the Factories Act are required to supply data on the firm’s operations on a regular basis to the official Indian statistical
agency, the Central Statistical Organisation (Kulshreshtha, 2011). The informal manufacturing sector, by default, comprises
firms which fall outside the scope of the Factories Act; they generally do not pay taxes and are outside the purview of gov-
ernment regulations (Kanbur, 2011).

Registration under the Factories Act implies that the firm will have to comply with a wide range of government regula-
tions that are exclusively applicable to the formal sector. However, it also implies that the firm will be able to access credit
from the formal financial sector, including loans from specialised development financial institutions and commercial banks.
Among the most onerous government regulations that firms in the formal manufacturing sector in India face are employ-
ment protection legislation which is among the most restrictive in the world (Ahsan and Pagés, 2009; Dougherty, 2008).
In addition, all firms in the formal sector, irrespective of size, are subject to environmental regulations and minimum wage
legislation, which informal sector firms are not.

The most important set of policies that the Indian government has followed with respect to the manufacturing sector was
a comprehensive industrial licensing system (more commonly known as the License Raj in the literature, see Mookherjee
(1995)). For first four decades since independence, the government intervened in almost all aspects of the activities of formal
manufacturing firms. Industry in India was subject to rather formidable legal barriers to entry. Investments, both in terms of
expansion of capacity of existing firms and creation of new firms, was controlled by the government through its licensing
policies that were in turn determined according to plan priorities. Though the purported objective of the licensing regime
was balanced growth, it effectively led to a more monopolistic structure and significantly encouraged rent-seeking by cor-
porations entrenched with public powers (Aghion et al., 2008). Following an initial attempt in 1975–1976, the liberalisation
of industrial controls gathered momentum in 1985–1986 when some industries and small sised firms were taken out of the
purview of industrial licensing and modernisation of equipment along with expansion of capacity were also allowed in a lim-
ited manner (Mookherjee, 1995). In 1991, the License Raj effectively came to an end, when industrial licensing was abolished
irrespective of the level of investment except for sixteen core industries. The number of industries reserved for the public
sector was significantly reduced. Also, under the new policy guidelines on foreign investment, automatic permission is
granted for foreign equity participation up to 51% in a specified list of high technology and high investment priority
industries.

In addition to the industrial licensing system, the Indian government followed a trade regime since independence which
was aimed at the comprehensive, direct control over foreign exchange utilisation, with an overwhelming reliance on quotas
rather than tariffs (Bhagwati and Srinivasan, 1975). The trade regime provided a significant degree of protection to firms in
Indian manufacturing. Nearly all imports were subject to discretionary import licensing or were ‘‘canalised’’ by government
monopoly trading organisations. Beginning with the export–import policy of 1977–1978, there was a slow but sustained
relaxation of import controls. The pace of the trade reforms – in particular, the shift from quantitative import controls to
a protective system based on tariffs – initiated in the mid-seventies were considerably quickened in the second half of
the 1980s. Restrictions on the import of capital goods were further eased to encourage technological modernisation. In
1991, as a part of the comprehensive economic reform programme initiated that year, there was a significant liberalization
of the trade regime with respect to capital goods. Import licensing was virtually abolished with respect to the imports of
most machinery and equipment and manufactured intermediate goods (Sen, 2008). There was also a significant cut in tariff
rates, with the peak tariff rate reduced from 300% to 150% and the peak duty on capital goods cut to 80%. Import-weighted
average tariff rates fell from an average of 83% in 1990 to 29% in 1995–1996 (Alessandrini et al., 2011).

While the industrial licensing and trade policies were mostly targeted to the formal manufacturing, the reservation policy
for the small-scale sector which initiated in 1967 mostly applied to the informal sector. Under this policy, selected products
were identified for exclusive production by the small-scale sector.3 The products chosen for reservation by the government
3 A firm is classified as being in the small-scale sector and therefore, within the ambit of reservation policy, if its investment in fixed assets in plant and
machinery did not exceed a certain limit, and the limit was frequently changed over time. Note that the classification of a firm for the purpose of deciding
whether it should fall under the coverage of reservation policy is by the size of the firm’s capital stock, and not by the size of the firm’s work-force. Therefore, it
is possible for the firm to be classified as ‘small’ under the reservation policy definition as well being a part of the formal sector, if the size of its workforce
exceeded 10 workers (if the firm used electricity, and 20 workers, if not).
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were very diverse, and covered industries such as food, chemicals, electronics and textiles. The initial list of products reserved
for the small-scale sector was 47 but this increased to 836 by 1989 (Mohan, 2002). Entry into the products reserved for the small
scale sector was not allowed for large firms and by foreign investors. While the small-sector reservation policy was designed to
protect small firms, it also did not allow these firms to grow, to invest in quality upgrading and to benefit from foreign direct
investment (Mohan, 2002; Mazumdar and Sarkar, 2008). Starting in 1997, products were gradually removed from the reserva-
tion list and by 2010 only 21 products remained in this list.

2.1. Expected effect of product market reforms on efficiency differentials between formal and informal firms

Industrial de-licensing, trade reforms and de-reservation were the key product market reforms enacted by the Indian gov-
ernment with respect to the manufacturing sector.4 The impact of these product market reforms may be different on formal
versus informal firms. Consider first the de-licensing reforms of the mid-1980s and early 1990s that largely pertained to the
formal manufacturing sector. With the withdrawal of restrictions on firm expansion and new firm entry, formal firms would
be expected to increase in size and reap economies of scale. In addition, new firm entry is likely to bring about an increase
in average efficiency of formal firms in a given industry, both by exerting competitive pressures on incumbent firms and via
the introduction of more productive new firms into the industry (Taymaz, 2005).5 The licensing reforms are also expected to
stimulate many dynamic small and medium enterprises which have been unnecessarily hampered by the licensing system
(Government of India, 1991). At the same time, informal firms may have benefited indirectly from the license reforms as
expanding formal firms entered into sub-contracting arrangements with informal firms for supply of inputs, and invested in
the technological capabilities of informal firms so as to obtain reliable and high quality specialised intermediate and capital
goods (Schmitz, 1982; Yang and Chen, 2009; Kotwal et al., 2011).

Similarly, trade reforms in the form of reduced tariffs would have had a pro-competitive effect on those firms that are in
direct competition with imports, these firms being mostly in the formal sector (Tybout, 2000). Since informal firms primarily
cater to the local market, and do not compete directly with imports, the efficiency enhancing effects of trade reforms would
be less for these firms. On the other hand, informal firms would be better able to adjust their use of labour and capital in
response to trade reforms as compared to formal firms who face various policy induced impediments to the adjustment
of factors of production. Besides, there can also be an indirect impact on informal firms if they are working as subcontractors
for formal firms. Thus, it is not clear that trade and de-licensing reforms would necessarily increase efficiency levels in formal
firms more than in informal firms.

With respect to the de-reservation of products for the small scale sector, it would be expected that these reforms would
benefit informal firms as these firms would not face disincentives to expand the scale of production that existed under the
reservation policy (since the size limits that applied under this policy penalised the expansion of firms). Efficiency levels of
informal firms may also increase via the greater competition that these firms will face from formal firms entering into prod-
uct markets that were reserved for small firms. At the same time, the ability of formal firms to move into these product mar-
kets may provide efficiency gains to these firms as they obtain both economies of scale and scope in production. Here again,
the effect of de-reservation on efficiency differentials between formal and informal firms is theoretically ambiguous.

We empirically investigate in this paper whether the product market reforms enacted since the mid-1980s have led to an
increase in efficiency of formal firms relative to informal firms. But first we set out our econometric methodology below.

3. Econometric methodology and empirical specification

We use stochastic frontier analysis (SFA) to estimate firm efficiency.6 We are interested in determining the technical effi-
ciency of the firm – the maximum possible output that a firm can produce, given its inputs. The standard approach to SFA does
not account for selection bias and therefore, the comparison of efficiency levels of formal and informal firms without addressing
the endogeneity of firm location may yield biased results.

We employ a method proposed by Greene (2006) that incorporates ‘sample selection’ into a stochastic frontier frame-
work.7 He proposes the following analytical approach:
4 In c
(Joshi, 2
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d� ¼ a0zþw; d ¼ 1; d� > 0 ð1Þ

y ¼ b0xþ v � u ð2Þ

U ¼ jUj;with U � N½0;r2
u�
ontrast, there were less significant reforms in factor markets that manufacturing firms operate in, such as reforms in land, labour and credit markets
010).
ri (2011) estimates that the de-licensing reform led to an aggregate productivity improvement of 22% in the formal manufacturing sector, three-fourths
h can be attributed to the relaxation of entry constraints.
an early application of SFA to the estimation of firm efficiency in developing countries, see Taymaz and Saatci (1997).
method proposed by Heckman (1976) is the conventional one used in the literature to address the selection bias, which, according to Greene (2006), is
priate for non-linear models such as Probit and Tobit.



8 Cor
selected

1244 V. Kathuria et al. / Journal of Comparative Economics 41 (2013) 1240–1262
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ðy; xÞ only observed when d ¼ 1
where d is a probit selection equation (with its adoption depending on a host of price and non-price factors) and y is the
stochastic frontier function, specified only for the adopting firms. In the present case, the selection is whether to formalise
or continue working in informal sector based on several institutional factors. We then estimate a stochastic frontier function
for only those firms, which decide to be in the formal sector.8

The estimation, thus, is divided into two parts. For the selected observations, d = 1, conditioned on v, the joint density for y
and d is the products of the marginals as conditioned on v, where y and d are independent.
Fðy;d ¼ 1jx; z;vÞ ¼ f ðyjx; vÞ prob ðd ¼ 1jz; vÞ
This is the second part. For the first part,
Yjx;v ¼ ðb0xþ rvvÞ � ruu
where u is the truncation at zero of a standard normal variable, as is done in estimating stochastic production frontier.
Therefore, the joint conditional density is given by:
f ðy;d ¼ 1jx; z;vÞ ¼ 2
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Ø
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ru

� �
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p
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We obtain the unconditional density by integrating v out of Eq. (3). The integral does not exist in a closed form and hence,
Greene (2006) proposes computation by simulation. The final simulated log likelihood is given by:
log Ls ¼ Ri
log 1
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The model is estimated using NLOGIT version 4.

3.1. Empirical specification

Our empirical strategy involves three stages: in the first stage, we estimate a probit equation which models the selection
of firms into the informal and formal sectors, and in the second stage, estimates for the production function and for technical
efficiency are obtained, conditioned on the sample selection. Once we obtain the efficiency estimates, in the third stage of the
analysis, we carry out regressions to see the impact of reforms on efficiency differentials between the formal and informal
sector.

3.1.1. First stage analysis
We assume that firms can choose between being in the formal or informal sector subject to a set of variables that capture

the benefits and costs of formalisation. The decision of the ith firm to be in the formal sector is described by an unobservable
selection criterion function, F�, that is postulated to be a function of variables that determine the benefits and costs of for-
malisation. The model is specified as:
F� ¼ aZi þwi ð5Þ
where Z is a vector of variables explaining the decision to formalise, a is a vector of parameters, and wi is the white noise
error term.

The selection criterion F� is not observed. Instead, a dummy variable F is observed which takes the value of one for formal
sector firms, and zero for informal sector firms.

Therefore, F = 1, if F� = aZi + wi P 0; and F = 0, otherwise
To obtain the set of explanatory variables which determine the benefits and costs of formalisation, we draw from recent

theoretical literature on why firms formalise. We also exploit the fact that there are important differences in institutions
relating to labour regulation, access to credit and the provision of infrastructure across Indian states and over time. A key
factor that has been highlighted by both the theoretical and empirical literature is the degree of regulation faced by the firm
if it chooses to be in the formal sector (Fajnzylber et al., 2011; Ulyssea, 2010; Taymaz, 2009; Dabla-Norris et al., 2005). While
the regulatory framework relating to product market entry and exit are the same across states in India, labour regulations
have differed greatly across Indian states. Industrial relations in India fall under the joint jurisdiction of the central and state
governments. A particular piece of labour legislation that has particularly detrimental to the growth of the formal manufac-
turing sector in India, and has encouraged informality, is the Industrial Disputes Act (IDA) of 1947, which sets out the con-
ciliation, arbitration and adjudication procedures to be followed in the case of an industrial dispute. The IDA applies only to
formal sector firms and imposes significant restrictions on employers regarding layoff, retrenchment and closure. Since
respondingly, we re-estimate the probit selection equation for informal firms, where the adoption decision is to be in the informal sector. Once decided/
, we estimate stochastic frontier estimates for only those firms that decide to be in the informal sector.



V. Kathuria et al. / Journal of Comparative Economics 41 (2013) 1240–1262 1245
labour laws are both within the jurisdiction of state and central governments, the IDA has been extensively amended by state
governments during the post-independence period. We would expect that more pro-employer labour law amendments (LA-
BOUR LAWS) as seen by a higher value of our variable would have a positive effect on the firm’s decision to formalise.

A second factor highlighted by the theoretical literature is access to formal sector credit (Straub, 2005). The higher the
likelihood for a firm to obtain formal sector credit, which are usually on more favourable terms than informal sector credit
and at lower interest rates, the more likely that the firm will choose to be in the formal sector. This is because registration as
a formal sector unit is often a precondition for firms to access credit from specialised formal sources such as commercial
banks and development finance institutions. In India, government regulations made it mandatory for commercial banks
to lend a large proportion of their funds to small and medium enterprises in the formal manufacturing sector (which are
mostly the units that are making the transition from the informal sector) along with farmer-households in the agricultural
sector – these regulations were called priority sector lending requirements (Sen and Vaidya, 1997). Access to priority sector
lending depended a great deal on the level of financial development in a given state, and this differed from state to state and
across time (Burgess and Pande, 2005). We capture differential access to formal sector credit for small and medium enter-
prises across Indian states and over time by the share of bank lending going to priority sectors (PRIORITY SECTOR LENDING).

Our third variable to explain the decision of a firm to formalise is the provision of a productive public good to formal sec-
tor firms which creates a strong incentive to formalise (Dessy and Pallage, 2003). We take the public good to be electricity,
which has been found to be a binding constraint for formal manufacturing growth in India (World Bank, 2004). Indian states
have differed widely in their ability to provide electricity to manufacturing firms, in part due to the very different perfor-
mance of State Electricity Boards, the main agency responsible for transmission and distribution, across Indian states
(Krueger and Chinoy, 2002; Panagariya, 2008). Following Bond and Malik (2007), we measure the electricity constraint on
a firm’s decision to formalise by the transmission and distribution losses of electricity as percentage of total energy availabil-
ity at the state level (T&D LOSSES). The power transmission and distribution losses are a suitable proxy for electricity infra-
structure because the higher the losses in a given state, the higher the probability that firms will have operational problems
with electricity, and the greater the disincentive for firms to move from the informal to the formal sector to take advantage of
access to electricity in the state.9

We estimate probit model of the following type:
9 Poo
develop

10 Es
T&D lo
our re
eviden
data r
F ¼ f ðLABOUR LAWS; PRIORITY SECTOR LENDING; T&D LOSSESÞ ð6Þ
where F is 1 if the firm is in the formal sector, 0 otherwise. We expect that the signs of LABOUR LAWS and PRIORITY SECTOR
LENDING will be positive while the sign of T&D LOSSES will be negative.

We estimate the probit equation for each industry separately, but for all 4 years combined.10 We explain below why we
estimate the probit model separately for each industry.

3.2. Second stage analysis

The production behaviour of formal and informal sector firms is modeled using a simple Cobb Douglas function. Thus, we
have:
lnðYiTÞ ¼ b0 þ b1 lnðKiTÞ þ b2 lnðLiTÞ þ ðv iT � uiTÞ ð7Þ
where T = 1989–1990, 1994–1995, 2000–2001 and 2005–2006 and i is the firm. Y is gross value added, K is capital stock, L is
labour, and bs are the parameters to be estimated. The viTs are random variables independent of the uiTs and purport to cap-
ture the random shocks that are beyond the control of firms. The uiTs capture technical inefficiency and are the combined
outcome of non-price and organizational factors that constrains a firm from achieving their maximum possible output from
the given set of inputs and technology. The uis are non-negative and assumed to be identically distributed at truncations at
zero, u = |U| with U � N [0, r2

u]. Technical efficiency (TEi) is measured as the ratio of the observed output (yi) of the firm to the
potential output (ŷ) derived by the frontier function, TEi,t = yi,t/ŷt, where TEi,t is technical efficiency for firm i in year t.

Instead of estimating the same production function for the entire set of firms, irrespective of industry, we estimate Eq. (7)
industry by industry and for each of the two groups – formal and informal separately, at the National Industrial Classification
(NIC) 2 digit industry level (broadly corresponding to the ISIC 3 digit level of industrial classification used by the United Na-
tions Industrial Development Organization). There are 22 industries in our data-set (we provide the list of industries along
with the industry codes in Appendix A Table A1). By estimating the production function separately for formal and informal
firms at the industry level, we not only allow the parameters for capital and labour in the firm-level production function to
differ across industries but also across the two groups. This is a reasonable assumption to make when (a) the industries differ
r electricity provisions, as captured by transmission and distribution losses, have been shown to be a significant impediment to private investment for
ing countries (World Bank, 2005).
timating the selection equation for the pooled firm-level data implies that we are assuming that the effects of labour laws, priority sector lending and
sses on the firm’s formalization decision is the same across years. We also estimated selection equations year by year and found no significant change in
sults, indicating that the effect of these variables on the firm’s location choice is uniform over time (the results are available on request). This is also
t from Figs. A1 and A2 in the Appendix, which shows that the efficiency estimates from the selection equations when applied on pooled and year-by-year

espectively are almost identical.
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so widely in their production technology and in characteristics relating to export orientation and market structure (e.g.,
leather versus electrical machinery); and (b) even within the same industry, production coefficients may be different for la-
bour-intensive informal firms and capital-intensive formal firms.

3.3. Third stage analysis: impact of reforms on technical efficiency

In this stage, we regress firm-specific technical efficiency on a composite measure of reforms (REFORM) and a variable
representing firm location (FORMAL). As discussed in Section II, the major product market reforms that have occurred in
the Indian economy since the mid-1980s were the withdrawal of the requirement of a license that firms require if they wish
to produce in a given industry (DELICENSE), the de-reservation of products earlier earmarked only for small scale and infor-
mal producers (DERESERVE) and trade reforms in the form of cuts in import tariffs (TARIFF). The Composite measure is a
weighted index of these three reforms and is given by:
11 A li
examin

12 The
REFORMjt ¼ i¼1R
3wiReformijt
where wi is the weight for each of the product market reform variables. We assume equal weights for each of the three prod-
uct market reform variables (that is wi = 0.33).

To estimate the effect of economic reforms and firm location in the formal sector on technical efficiency, we use the fol-
lowing specification:
TEijt ¼ aþ b1FORMALijt þ b2REFORMjt þ dj þ ct þ eijt ð8Þ
where TEijt is technical efficiency of firm i in industry j and year t and FORMAL is a dummy for firm location which takes the
value one if the firm is in the formal sector, and zero if the firm is in the informal sector. dj are industry fixed effects, ct are
year effects and eijt is the error term. If b2 is greater than zero (and statistically significant), this would imply that product
market reforms have facilitated firms to increase their efficiency. Similarly, if b1 is greater than zero and statistically signif-
icant, we would conclude that formal firms are more efficient than informal firms and vice versa if b1 is less than zero.

To examine the differential impact of reforms on informal and formal firms, we introduce an interaction term, FOR-
MAL � REFORM, where we interact our reform variable (REFORM) with the FORMAL variable. Thus, the revised model esti-
mated is as follows:
TEijt ¼ aþ b1FORMALijt þ b2REFORMjt þ b3FORMAL � REFORMijt þ dj þ ct þ eijt ð9Þ
The coefficient b3 measures the differential impact of reforms on formal and informal firms. A positive and statistically
significant b3 (along with a positive and statistically significant b2) implies that reforms have led to a greater increase in
the efficiency of formal firms as compared to informal firms indicating exacerbation of dualism in Indian manufacturing sec-
tor. A negative and statistically significant b3 would imply just the reverse.

It should be noted that in Eq. (9), the effect of FORMAL on technical efficiency is given by the expression, b1 + b3REFORM.
Even if b1 is negative, b1 + b3REFORM can be positive if the b3REFORM is positive and greater than b1, when we evaluate the
expression at the mean value of REFORM.

We estimate the above equations using Ordinary Least Squares.

4. Data and variables

We use unit level data for the formal and informal manufacturing sectors for 4 years, 1989–1990, 1994–1995, 2000–2001
and 2005–2006. The choice of years is governed by the fact that the data on informal sector firms are only available for these
years.11 Data on the formal manufacturing sector is drawn from the Annual Survey of Industries (ASI), undertaken by the Cen-
tral Statistical Organization (CSO), which is the annual census-cum-sample survey of all the formal manufacturing units for all
the industries across all the states. The ASI covers all firms registered under the Factories Act (Sivadasan, 2003). The ASI frame
consists of two sectors – the ‘census sector’ and the ‘sample sector’. Firms employing less than 100 workers come under the
sample sector, and roughly one-third of these firms are surveyed by the ASI, using a stratified random sampling procedure.

Our main data sources on the informal sector are the surveys on the India’s unorganised or informal manufacturing estab-
lishments.12 As mentioned before, units with less than ten workers are termed informal, and are not subject to the same indus-
trial licensing or labor laws as formal firms. These units are broadly of two types- household enterprises, which use only family
labor and are often single-person establishments, and small business establishments with up to ten hired workers.

We limit our analysis of informal firms to those which hire outside labour, as there are serious limitations on the quality
of data for family firms. One such limitation emanates from the very reason of these firms in business. Family firms (i.e. those
which do not hire outside labour) are often in business simply because running a small enterprise allows them to bring in
additional income with little additional effort and they are unlikely to expand or invest in their businesses (Banerjee and
mitation of our study is that we do not have unit level data on the informal manufacturing sector before 1989-1990, which means that we cannot
e the effects of the reforms of the mid 1980s on efficiency differentials between formal and informal firms in this period.
two terms ‘informal sector’ and ‘unorganized sector’ are used interchangeably in the Indian context.
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Duflo, 2008). As our interest is in those firms that are likely to modify their behaviour in response to policy changes, we con-
fine our analysis to those informal firms that employ at least one hired worker.

The National Sample Survey Organization (NSSO) is the agency that collects information on various aspects of the enter-
prises/units in the informal manufacturing sector quinquennially using a stratified random sampling procedure. These are
nationwide enterprise level surveys covering all the Indian states and Union Territories (UTs) and are stratified by district.13

Since most informal enterprises are not registered with any government authority, the NSSO uses a block enumeration approach
to ensure a representative sample of the informal sector in every district.

Our data is in the form of repeated cross-sections, and not in panel form, as the CSO and the NSSO do not reveal the iden-
tity of the firm/plant in the unit level data, and for the informal sector, the same firms may not be surveyed in each round.
The lack of availability of panel data is a limitation of our analysis. However, given the rigorous sample survey methods used
by the CSO and the NSSO to ensure the representativeness of the unit level data of the informal and formal manufacturing
sectors, and the relative consistency of these methods over time, the repeated cross-sections can be seen as a close approx-
imation of the panel data that we ideally liked to have used in our analysis.

It is to be noted that during the 16 years of our analysis period, industrial classification has undergone some changes. For
instance, ASI data for 1994–1995 and 2000–2001 uses NIC 1987 codes, whereas 2005–2006 uses NIC 1998 codes. NSSO data
for 1989–1990 and 1994–1995 are based on NIC 1987, whereas 2000–2001 data is based on NIC 1998 and 2005–2006 data is
based on NIC 2004. We harmonised the whole data at NIC 1998 codes. The average number of firms over the 4 year period in
the formal sector that we use in our empirical analysis is 25,000 and for the informal sector, 28,000.14

Labour regulation data till 1997 comes from Besley and Burgess (2004), and we have updated it using similar coding pro-
cedures till 2005.15 Data on the share of credit going to the priority sector are drawn from Burgess and Pande (2005) till 1995,
and we have updated it for the years 2000–2001 and 2005–2006 from an annual publication titled Statistical Tables Relating to
Banks in India published by the Reserve Bank of India (RBI). The state-level data on the transmission and distribution losses of
electricity comes from the report on Energy published by the Centre for Monitoring Indian Economy (CMIE, 2011).

The variables for the stochastic frontier model are real value added and real capital stock at 1993–1994 prices and num-
ber of persons employed. We omitted observations for which real value added, real capital and the labour variables are less
than or equal to zero. Real value added is obtained by deflating nominal value added using the wholesale price index (WPI)
for manufactured products at the four digit industry level. Labour is measured as total number of persons engaged in the
production activity, which include production workers as well as employees. Real capital stock is constructed by deflating
gross fixed assets by WPI for machinery and machine tools. To ensure that the empirical analysis is not sensitive to the inclu-
sion of outliers, we have dropped all firms where real capital stock, employment or real output are more than two standard
deviations from the industry means of these variables.

We obtain simple and weighted tariffs ratios from the trade and industrial output data of the World Bank Trade Data-base
(World Bank, 2006). The World Bank Trade Data-base provides simple and import weighted average tariffs data for 28 man-
ufacturing sectors at the ISIC 3 digit level of classification till 2006. We match the data to the NIC 3 digit classification of the
Annual Survey of Industries. Thus, our tariff variables vary across industries and over time (but not across states).16

As discussed, the de-licensing of industries started in 1980s with nearly half of the 4-digit industries de-licensed by 1985.
The industrial licensing was effectively abolished in 1991 except for a small number of industries where it was retained for
reasons related to security, strategic or environmental concerns. As of 2006–2007, only 4% of the industries were under
licensing requirements. We construct the de-licensing variable as the total number of four-digit industries de-licensed in
a year to that of total number of four-digit industries in the sector. Similar to Aghion et al. (2008), we consider an industry
to be de-licensed if all or part of a four-digit industry (3-digit in their case) is de-licensed in a year.

The reservation of items for exclusive manufacture in the small scale sector, as statutorily provided in the Industries
(Development and Regulation) Act, 1951, was one of the key policy measures to promote the sector. Exception to this res-
ervation was allowed only if a non-small scale sector unit undertakes 50% export obligations of the reserved product. We
construct the de-reservation variable as the ratio of cumulative number of products de-reserved in respective two-digit
industries to that of total reserved products in these industries. The list of number of products de-reserved is obtained from
13 For instance, the 62nd round of NSSO survey conducted in 2005–2006 covered the whole of the Indian Union except (i) Leh and Kargil districts of Jammu &
Kashmir, (ii) interior village of Nagaland situated beyond five kilometres of bus route and (iii) villages of Andaman and Nicobar Islands which remain
inaccessible throughout the year. A stratified sampling design was adopted for selection of the first stage units (FSUs). The FSUs were villages in rural areas and
Urban Frame Survey (UFS) blocks in urban areas. A total of 9923 FSUs consisting of 4798 villages and 5125 urban blocks were surveyed. The ultimate stage units
(USUs) for the survey were enterprises. The method of circular sampling has been employed for selecting the USUs from the corresponding frame in the FSU. A
total of 80,637 enterprises (Rural: 42,050 and Urban: 38,587) were surveyed all over India. A detailed note on the sample design and estimation procedure
followed in the 62nd survey is given in the Appendix B of the survey report (NSSO, 2007).

14 It should be noted that while the ASI data are available at the plant level, the NSS provides firm level data and not plant level data. As informal firms by their
very nature are single plant establishments, we are, in essence, comparing plant-level estimates for the formal and the informal sectors.

15 Besley and Burgess (2004) have coded each state amendment to labour laws as neutral, pro-worker or pro-employer for the period 1947–1997. We
extended the Besley–Burgess variable till 2005 and then normalized it between 0 and 1 such that the more pro-employer labour law amendments in a state
would result in higher value for that state.

16 We have mentioned in Section 2 that trade reforms also included major roll-backs and eventual withdrawal of import quotas. However, we do not include
import quotas in our measure of trade reforms as we do not have industry data on quotas. Moreover, most of the quotas were dismantled in 1991, while tariff
reforms occurred all through the 1990s and early 2000s.



Notes: De-liceensing indiicatees percentage of 4 digit industries de-licensed, de-reserved indicates percentage of         
industries became open to large and medium firms and tariffs represents percentage of import duties     
levied on an industry.

Fig. 1. Trend of different Reform variables.

Table 1
Trend in reform variables.

1989–1990 1994–1995 2000–2001 2005–2006

De-licensing (per cent of 4-digit industries de-licensed) 53.02 (36.85) 84.41 (26.28) 93.47 (21.64) 93.82 (21.42)
De-reservation (per cent of products de-reserved) 9.09 (29.42) 9.09 (29.42) 15.30 (30.4) 70.83 (32.13)
Trade reforms (Tariffs in per cent) 76.67 (15.0) 56.09 (10.1) 31.80 (4.55) 29.02 (3.93)

Note: Figures in parenthesis are the standard deviations.
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different notifications of the Government of India. Like tariffs, our de-licensing and de-reservation variables also vary across
industries and over time, but not across states.

Fig. 1 and Table 1 present the trend in de-licensing, de-reservation and tariff reforms since 1985. It is interesting to note
that de-licensing and de-reservation reforms together were spread over two decades – most of the de-licensing reforms were
over by 1995, whereas de-reservation reforms started after 1995. Two important points are to be noted – (a) all these re-
forms were nationwide in nature, when an industry de-licensed or a product de-reserved or tariffs reduced, it affected all
the firms irrespective of their geographical location; and (b) by 2005–2006, the terminal year of our study period, only
6% of industries required de-licensing, nearly one-third of products needed to be de-reserved and average tariff was 29%
(ranging between 24% and 38%), much below the 100% average tariff rate that prevailed in 1991. Table 2 gives industry-wise
reforms accomplished till 2005–2006. It is clear from Table 2 that the pace of the three product market reforms differed
greatly across industries.

Using the data for these three product market reforms, we construct a composite index of reform (REFORM) by assigning
equal weights for all the three reforms. As the reform variables move in different directions – trade reform moves from high
to low, whereas other two reforms move from low value to high with progressive reforms -we reconstruct our tariff reform
variable as 100-Current Tariff. This modification reconciles the direction of tariff reform with other two reforms. A high value
of REFORM thus indicates a greater extent of reforms and a lower value indicates more restrictions and thus less reform. As
indicated in Fig. 2, the progress of reform is not uniform but varies significantly across industries. Industries like tobacco,
minerals and transport equipment are far behind textiles, apparels, leather, office machinery, publishing and basic metals
in these reforms.

Table 3 presents the descriptive statistics for the main variables that we use in our first stage probit model, second stage
stochastic frontier estimation and third stage where we test for duality in manufacturing. On average, priority sectors such as
small-scale industries, services and agriculture together received about 31% of the total bank lending for the period 1989–
1990 to 2005–2006. The labour regulation variable suggests that, on average, labour laws in India have been pro-worker.
Transmission and distribution losses have, on average, been 26.49% of total power availability. It is clearly evident from
the Table that average value added per employee is considerably higher for firms in the formal sector as compared to their
counterparts in the informal sector. Evidence also points to significant differences in the level of input use between firms in
the formal and informal sector. The capital-labour ratio computed for both the sectors suggest the highly capital intensive
nature of production process employed in the formal sector vis-à-vis the informal sector.



Table 2
Industry-wise status of reforms, 2005–2006.

Industry De-licensed (in per cent) De-reserved (in per cent) Tariff (in per cent)

Food products 93.8 62.5 37.79
Tobacco 0.0 100 30.00
Textiles 100.0 100 27.06
Wearing apparel 100.0 100 29.93
Leather products 100.0 100 28.23
Wood and wood products 100.0 43.75 29.22
Paper and paper products 100.0 38.71 27.05
Publishing 100.0 100 23.57
Coke and petroleum 100.0 100 29.71
Chemicals 84.6 78.19 28.57
Rubber and plastic products 100.0 36.90 29.56
Non-metallic mineral products 100.0 10 29.25
Basic metal 100.0 100 33.50
Metal products 100.0 64.66 28.66
Machinery 100.0 78.79 25.10
Office machinery 100.0 100 25.10
Electrical machinery 100.0 54.05 24.57
Radio and television 100.0 83.33 24.74
Medical, precision inst. 100.0 80 24.74
Motor vehicles 100.0 100 36.02
Transport equipment 85.7 5.88 36.02
Furniture 100.0 21.43 30.00

Average 93.8 70.83 29.02
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5. Results

We first present the results for the first stage estimation followed by the results for the second stage and third stage esti-
mation respectively.

5.1. First stage estimation

Results of the first stage probit equation estimation are presented in Table 4. The chi-square test statistic in the probit
selection equation is significant at the 1% level in all the industries. As expected, we find that weaker labour regulation (LA-
BOUR LAWS) significantly and positively (except for Tobacco and Chemical Sectors) influences the firm’s decision to be in the
formal sector. Our results also confirm the existence of a negative relationship between the power transmission and distri-
bution losses (T&D LOSSES) and the firm’s decision to be in the formal sector.17 This suggest that the greater the quality and
quantity of electricity supplied in a given state (as captured by a lower amount of loss of power through transmission and dis-
tribution in the state), the more likely is it that firms in that state will be formalised.18 In most industries, greater availability of
priority sector lending (PRIORITY SECTOR LENDING) from commercial banks seems to have been influencing the firms’ decision to
be in the formal sector.

5.2. Second stage estimation

Table 5 and Fig. 3 give the summary statistics for variables used in estimating stochastic production frontier for formal
and informal firms separately. As expected, in each industry the informal firms on an average use less labour and capital and
produce less, though the variation is smaller for the group. These differences in input usage is also clearly evident from Fig. 3
which displays kernel density plots showing cumulative differences in the logged values of value added, capital stock and
labour between formal and informal sector.

The maximum likelihood estimates of the parameters of the model obtained from estimating the stochastic production
frontier model separately for 22 industries for each of the groups are presented for 1989–1990, 1994–1995, 2000–2001 and
17 One potential concern about the inclusion of LABOUR LAWS and T & D LOSSES in our first stage regressions is that these two variables may not meet the
exclusion criterion if they affect firm efficiency in the third stage regressions. For example, pro-worker labour regulation and disruptions in electricity supply in
a particular state may constrain the productivity of formal firms in that state. It should be noted, however, that the effect of these two variables should only be
on formal firms, which by definition are required to adhere to labour regulations and use electricity. In that case, the inclusion of these variables in the third
stage to explain the efficiency of both categories of firms will yield biased results. Also, both the variation in labour laws and electricity disruption has been
mostly across states in the period of our study (1989–2005) and not over time, while the third stage estimations examine the effect of economic reforms on firm
performance over time. As a robustness check, we included LABOUR LAWS and T&D LOSSES in our third stage estimation, and did not find T&D LOSSES to be
significantly different from zero, though LABOUR LAWS seem to have some impact on formal sector firms in some estimates. More importantly, the signs and
significance of our key explanatory variables, FORMAL and REFORM, and their interaction, did not change.

18 We also used the price of electricity as an alternative proxy for the quality of electricity and found no change in our results.



Fig. 2. Industry-wise trend of composite reform variable (REFORM).

Table 3
Descriptive statistics at the aggregate level: 1989–2006.

Mean Standard deviation

Selection variables
Labour regulation index (pro-worker: +1; pro-employer: �1) 0.576 0.235
Transmission and distribution losses (as percentage of total power availability) 26.49 8.348
Share of priority sector lending, state-level (per cent) 31.457 9.883
Firm size (log (ln) employment) 2.652 1.557

Stochastic Frontier variables
Ln formal manufacturing value added per employee 10.719 1.126
Ln informal manufacturing value added per employee 8.920 1.199
Ln formal manufacturing capital labour ratio 10.454 1.727
Ln informal manufacturing capital labour ratio 9.821 1.341
Ln formal manufacturing employment (No.) 3.893 1.211
Ln informal manufacturing employment (No.) 1.404 0.529

Reform variables
REFORM (weighted Reform measure) 52.58 19.50
De-licensing (per cent of four-digit industries de-licensed) 81.6 31.2
De-reservation (per cent of products de-reserved) 26.07 48.39
Trade liberalization (Tariff in per cent) 48.39 21.66

Notes: The data are for the 15 major sates for the period 1989–2006. Since Bihar, MP and UP were bifurcated in 2000
to form the new states, Uttarakhand, Chhattisgarh and Jharkhand, we have merged these three states with their
parent states so as to have consistent data for the study period.
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2005–2006 in TablesA2 to A5 (in Appendix A) respectively. The models estimated by the maximum likelihood method are
highly significant as shown by the large likelihood values. The coefficient of the selectivity variable (qw,v) is significantly dif-
ferent from zero at the 5% level in most of the industries especially for 2000–2001 and 2005–2006, which confirms that seri-
ous selection bias exists, thereby supporting the use of a sample-selection framework in the stochastic frontier model. The
results of the stochastic production frontier models show that the coefficient of labour is higher than that of capital for most
industries and for most years irrespective of the group suggesting that labour is a more important input than capital in the
production function, which is a quite plausible finding for a labour surplus economy like India. For informal sector, we find



Table 4
Parameter estimates of the probit selection equation, industry level, all years.

Industries Constant Labour laws T&D losses Priority sector
lending

Log
likelihood

McFadden
R-square

N Chi-
squared

Food �0.285� (0.034) 0.766� (0.030) �0.006� (0.001) 0.001 (0.001) �26534.62 0.02 38,978 259.73
Tobacco �0.711� (0.113) �0.583� (0.086) 0.021� (0.003) 0.021� (0.003) �3006.66 0.02 4449 564.37
Textiles �0.665� (0.038) 0.584� (0.033) �0.004� (0.001) 0.002� (0.001) �22827.73 0.01 35,138 504.03
Apparel �0.159� (0.068) 0.879� (0.065) �0.039� (0.002) 0.001 (0.002) �6405.79 0.08 12,320 552.01
Leather �0.321� (0.101) 1.084� (0.088) �0.027� (0.003) 0.012� (0.002) �2560.40 0.08 4035 179.02
Wood �0.480� (0.074) 0.090 (0.068) �0.016� (0.002) 0.008� (0.002) �5534.87 0.01 9400 431.43
Paper 0.618� (0.110) 1.061� (0.112) �0.014� (0.003) �0.004 (0.002) �1942.50 0.04 3692 111.96
Publishing 0.024 (0.073) 0.226� (0.069) �0.024� (0.002) 0.009� (0.002) �4741.86 0.03 7122 157.55
Petroleum 0.905� (0.223) 1.882� (0.254) �0.012⁄ (0.006) �0.015⁄ (0.006) �464.54 0.07 1206 69.81
Chemicals 1.189� (0.073) �0.215� (0.067) �0.015� (0.002) 0.008� (0.001) �5344.94 0.01 11,649 304.12
Rubber �0.051 (0.075) 0.646� (0.077) �0.009� (0.002) 0.012� (0.002) �4235.51 0.03 6848 105.18
Minerals �0.005 (0.055) 0.177� (0.052) �0.020� (0.001) 0.023� (0.001) �10677.13 0.04 16,634 282.01
Basic metal 1.465� (0.086) 0.647� (0.087) �0.020� (0.002) �0.008� (0.002) �3085.88 0.02 7594 128.28
Metal products �0.080� (0.046) 0.198� (0.047) �0.019� (0.001) 0.006� (0.001) �11357.96 0.01 17,146 451.14
Machinery 0.358� (0.056) 0.953� (0.056) �0.002 (0.002) �0.015� (0.001) �8720.44 0.02 13,571 489.35
Office machinery 0.577 (0.421) 0.062 (0.468) �0.016 (0.014) 0.031� (0.011) �106.10 0.06 294 14.22
Electrical machinery 0.470� (0.086) 0.788� (0.091) �0.020� (0.002) 0.005� (0.002) �3141.43 0.04 5281 60.18
Radio and television 0.371� (0.206) 0.952� (0.231) �0.006 (0.006) 0.014� (0.005) �483.88 0.05 1353 34.13
Medical, precision and

optical instruments
0.598� (0.169) 1.870� (0.188) �0.008 (0.005) �0.019� (0.004) �692.14 0.07 1427 72.44

Motor vehicles 1.029� (0.136) 0.191� (0.141) �0.017� (0.003) 0.005� (0.002) �1554.23 0.01 3162 30.85
Transport equipment 0.753� (0.125) 0.884� (0.133) 0.002 (0.003) �0.019� (0.002) �1838.68 0.02 3241 139.72
Furniture �1.082� (0.063) 0.508� (0.059) �0.006� (0.002) �0.002 (0.002) �6326.45 0.01 14,843 214.58

Notes: (a) N is the total number of firms; (b) � indicates level of significance at 5%; (c) figures in parenthesis are standard errors.
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elasticity of labour or capital is negative in some industries for some years. This could be because of two reasons – first, some
of these industries are highly capital intensive, thereby having less scope for informal firms (for example, Petroleum); and
second, the estimates for these industries are not consistent due to less degrees of freedom as these industries consist of only
few informal firms (for example, Office Machinery). We also examine whether there has been any changes in the estimated
parameters of the industry production functions over time. Our results preclude any such possibility in the formal sector as
the t-ratio for differences in coefficients is found to be insignificant for most industries and most years. However, the t-test
for differences in coefficients do suggest changes in estimated parameters over time for the informal sector with the sector
reporting increasing returns to scale for the later period.

Fig. 4 shows the kernel density plots of efficiency of informal and formal manufacturing firms for 1989–1990, 1994–1995,
2000–2001 and 2005–2006. We observe that the efficiency distribution for formal firms is generally to the right of that for
informal firms for all the years. There has been a rightward shift of both the efficiency distributions over time, indicating
higher efficiency gains for both formal and informal firms over time.

5.3. Third stage estimation: impact of reforms on dualism

We now examine how the reforms have impacted on dualism in Indian manufacturing. First, we examine the impact of
reforms on efficiency of Indian manufacturing firms as in Eq. (8). Next, we see whether reforms have reduced or exacerbated
manufacturing dualism. This is done by including the interaction term FORMAL � REFORM as in Eq. (9). To take into account
that efficiency may be impacted by macroeconomic shocks and cyclical factors and that firm efficiency may be correlated
with unobserved industry characteristics, we include year and industry fixed effects in all our regressions.

Table 6 presents the results for the third stage estimation. In Col. (1) of Table 6, we present our results on the effects of
reforms and firm location in the formal sector on technical efficiency, and in Col. (5) of Table 6, we present the results with
the interaction term included. The estimates suggest that formal firms are, on average, more efficient than informal firms as
the coefficient of the FORMAL dummy is positive and statistically significant at 1% level (Col. (1)). Our computations based on
the coefficient value of FORMAL indicate that the efficiency level of formal firms is 17.69% higher than that of informal firms.
Our results also show that firms in both formal and informal sectors have gained in efficiency in the reform period as given
by the positive and statistically significant coefficient of the REFORM variable in Col. (1). Based on the coefficient value of
REFORM variable, we find that the gains in efficiency due to the reforms have been 28.4%.

The result for Eq. (9) is reported in Col. (5). We find that the coefficient on the interaction term FORMAL � REFORM is po-
sitive and statistically significant. This suggests that the economic reforms have brought about a widening of efficiency dif-
ferentials between formal and informal firms, exacerbating dualism in the Indian manufacturing sector. At the mean value of
technical efficiency (0.43), our calculations show that reforms have increased the efficiency of formal firms by 50.1% vis-à-vis
informal firms. Together with the results in Col. (1), this suggests that both the formal firms and informal firms have regis-
tered efficiency gains in the reforms period, but these gains are significantly larger for the formal firms vis-à-vis the informal



Table 5
Summary statistics for second stage estimation – average over 1989–1990 to 2005–2006.

Industry Informal sector Formal sector

Y K L Y K L

Food 9.96 (6.93–13.04) 10.99 (7.36–14.50) 1.24 (0.69–2.48) 14.52 (10.68–18.54) 14.32 (9.39–19.30) 4.01 (1.39–6.73)
Tobacco 9.63 (6.99–12.26) 10.18 (7.07–13.12) 1.39 (0–3.18) 13.85 (9.37–18.44) 11.77 (3.58–18.92) 4.21 (0.69–7.95)
Textiles 10.37 (7.44–13.20) 10.93 (7.40–14.32) 1.57 (0.69–2.71) 15.10 (11.12–19.15) 15.12 (9.96–20.21) 4.34 (1.61–7.36)
Apparel 9.84 (6.72–13.11) 11.14 (8.80–13.53) 1.14 (0.69–2.20) 15.38 (12.19–18.40) 14.90 (10.67–18.89) 4.69 (2.08–7.21)
Leather 10.51 (7.43–13.57) 11.02 (7.81–14.15) 1.40 (0.69–2.56) 14.74 (11.32–18.08) 14.64 (10.49–18.69) 4.01 (1.39–6.73)
Wood 10.19 (7.26–12.96) 10.90 (6.96–14.59) 1.27 (0.69–2.30) 12.98 (10.13–16.04) 12.63 (8.27–16.87) 2.88 (1.10–5.07)
Paper 11.07 (7.89–14.17) 12.12 (8.82–15.14) 1.63 (0.69–2.83) 14.55 (11.00–18.35) 14.60 (10.19–19.36) 3.63 (1.39–6.34)
Publishing 10.28 (7.10–13.29) 11.92 (8.43–15.05) 1.34 (0.69–2.40) 14.23 (10.63–17.93) 14.01 (9.01–18.93) 3.62 (1.39–6.14)
Petroleum 10.43 (7.21–13.51) 11.71 (8.12–15.04) 1.63 (0.69–2.71) 14.72 (10.41–19.71) 14.99 (9.97–20.38) 3.73 (1.10–6.66)
Chemicals 11.04 (7.51–14.54) 12.06 (8.43–15.50) 1.82 (0.69–3.14) 15.15 (11.00–19.57) 14.91 (9.58–20.44) 4.14 (1.61–6.98)
Rubber 11.25 (7.82–14.54) 12.47 (8.76–15.82) 1.64 (0.69–2.77) 14.64 (11.26–18.27) 14.64 (10.64–18.92) 3.55 (1.39–6.13)
Minerals 10.59 (7.45–13.73) 11.42 (7.60–15.08) 1.83 (0.69–3.56) 13.75 (10.20–17.87) 13.36 (8.84–18.57) 3.65 (1.39–6.25)
Basic metal 10.76 (7.31–14.27) 11.86 (8.23–15.43) 1.55 (0.69–2.77) 14.97 (11.10–19.18) 14.98 (10.15–20.13) 3.97 (1.39–6.86)
Metal products 10.54 (7.44–13.55) 11.52 (8.13–14.66) 1.35 (0.69–2.40) 14.23 (10.87–17.89) 13.83 (9.67–18.19) 3.50 (1.39–6.11)
Machinery 10.79 (7.56–13.93) 11.91 (8.23–15.29) 1.41 (0.69–2.56) 14.54 (10.98–18.44) 14.20 (9.94–18.74) 3.60 (1.10–6.38)
Office machinery 12.43 (9.73–14.57) 12.96 (10.97–15.88) 1.85 (0.69–3.00) 16.11 (11.84–20.35) 15.66 (11.20–19.47) 4.27 (1.79–6.69)
Electrical machinery 10.77 (7.17–14.52) 11.98 (8.32–15.20) 1.46 (0.69–2.77) 15.02 (11.24–19.20) 14.51 (9.99–19.34) 3.75 (1.39–6.59)
Radio and television 11.70 (7.74–15.42) 12.33 (8.79–15.32) 1.70 (0.69–3.00) 15.70 (11.60–20.08) 15.37 (10.49–20.32) 4.19 (1.61–7.02)
Medical, precision inst. 11.17 (7.85–14.48) 11.87 (8.61–14.90) 1.49 (0.69–2.77) 15.08 (11.40–18.76) 14.63 (10.11–19.11) 3.79 (1.39–6.44)
Motor vehicles 11.38 (8.33–14.29) 12.53 (9.81–15.10) 1.72 (0.69–2.89) 15.33 (11.27–19.59) 15.30 (10.49–20.34) 4.18 (1.39–7.26)
Transport equipment 11.05 (7.94–14.10) 12.18 (1.38–8.28) 1.58 (0.69–2.71) 14.82 (10.95–19.08) 14.37 (9.72–19.40) 3.84 (1.10–7.13)
Furniture 10.24 (7.18–13.30) 10.96 (7.68–14.03) 1.28 (0.69–2.56) 14.07 (10.32–18.14) 13.38 (8.17–18.59) 3.39 (1.10–6.10)

Note: Figures in the parentheses show the ranges for the respective variables; Y, K and L represent log of real gross value added, real fixed capital stock and
number of workers respectively.
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firms. Our calculations further show that an additional 10% reforms (from the mean value) would have increased efficiency
of formal firms by 4.5per cent, this increase however would have been only 2.5% for informal firms.

As we have noted in Section 4, the implementation of de-licensing, de-reservation and trade reforms differed widely
across industries and over time. As is evident from Fig. 2, trade reform has had a significant overlapping timeline with
de-licensing and de-reservation reforms. We examine whether each of these product market reforms had a differential im-
pact on efficiency, and on dualism. We do this by entering each reform variable sequentially rather than including all of them
at the same time in Eq. (8). Cols. (2)–(4) in Table 6 present the results for de-licensing, de-reservation and tariff reform vari-
ables respectively. We find that de-licensing and de-reservation have had a discernible positive impact on technical effi-
ciency, while tariff reform has had a negative effect.19 The results indicate that additional de-licensing and de-reservation
reforms to the tune of 10% from their mean values would have resulted in a 2.9% and a 0.93% increase in efficiency of Indian
manufacturing firms. On the other hand, a reduction in tariffs by 10% would have reduced efficiency of Indian manufacturing
firms by 0.41%, though the magnitude is relatively small compared to the other two sets of reforms.

To see how individual reforms have influenced manufacturing dualism, the interaction of the three reform variables with
that of whether the firm is a formal firm or not (FORMAL) has been introduced sequentially. Cols. (6)–(8) of Table 6 report the
results. We find that the interaction between de-licensing and FORMAL (Formal � DELICENSE) and between de-reservation
and FORMAL (Formal � DERESERVE) are positive and significant, while the interaction between tariff cuts and FORMAL (For-
mal � TARIFF) is negative and significant. This suggests that all three reforms have led to an increase in efficiency differentials
between formal and informal firms. In the case of tariff reforms, though we observe a decline in efficiency for the overall
manufacturing sector, formal firms have gained in efficiency by 0.17%.

Further calculations show that additional 10% de-licensing would have resulted in increased efficiency of formal firms by
3.5%, while the increase in efficiency for informal firms would have been only 1.7%. Similarly, a 10% tariff reduction would
have increased efficiency of formal firms by 0.3%, whereas it would have resulted in decline in efficiency of informal firms by
1.5%. Lastly, additional de-reservation of 10% would have resulted in an increase in efficiency of formal firms by 0.7% but
would have led to a decline in the efficiency of informal firms marginally by 0.05%.

A potential cause for concern in our third-stage analysis is if the de-licensing, de-reservation and tariff reforms them-
selves determined whether a firm decided to locate in the formal or informal sector in the first-stage analysis. For instance,
de-licensing may have made it easier for informal firms to move to the formal sector, while de-reservation would have re-
duced the incentives of firms to remain small to avail of the benefits of reservation policy. With respect to tariff reform, tariff
cuts are not expected to influence the firm’s formalisation decision as the removal of import protection applied to all firms in
the manufacturing sector. With respect to de-licensing, as mentioned in Section 2, entry barriers for small firms had eased
19 We also used weighted tariff instead of simple tariff as a measure of trade reforms. Our results did not change, indicating the robustness of the results to
different measures of tariffs.
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considerably by the mid-eighties and the de-licensing reforms of the 1990s mostly focused on the removal of constraints to
capacity expansion for firms in the formal sector, as well as reducing the number of industries reserved for the public sector
(Mookherjee, 1995). This implies that de-licensing reforms would not have affected the informal firm’s decision to formalise
in our period of analysis, since the beginning year in our case is 1989. Similarly, it is unlikely that de-reservation would have
influenced the decisions of informal firms to locate to the formal sector, as the majority of firms in our data-set that met the
criteria of being ‘small’ under the reservation policy (as defined by the size of the capital stock) were far below the threshold
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size (in terms of number of workers) for graduation to the formal sector. Still we tested for the possibility that our REFORM
variable may have influenced the firm’s decision to formalise by including the latter in our first-stage industry-level selection
equations. We found that this variable was statistically insignificant in a majority of the industries.20

Finally, an important remaining concern is the possible endogeneity of the composite REFORM variable.21 If policy-makers
introduced economic reforms in the most efficient industries or where the most productive formal firms were located, reverse
causality may explain the positive coefficients on the REFORM variable and on the interaction term between the two key
explanatory variables, REFORM and FORMAL. In our case, economic reforms would be endogenous to performance if either trade
opening or de-licensing or de-reservation were endogenous (or a combination of the three set of reforms were endogenous).
However, several features of the reforms mitigate the concerns of endogeneity in the Indian case.

Firstly, with respect to de-licensing reforms of the post-1991 period, Aghion et al. (2008) argue that de-licensing was a
centrally managed technocratic reform, triggered in part by largely unexpected shocks (brought about the increase in oil
prices and the drop in remittances, following the Gulf War) and the IMF-imposed structural adjustment programme, and
that the industries that were not de-licensed in the post-1991 period were not done so for political reasons but because
of their strategic, environmental and social importance. Testing for the endogeneity of de-licensing reforms, they find no evi-
dence of a relationship between when an industry is de-licensed and pre-reform measures of performance.

Secondly, with respect to de-reservation reforms, Tewari (2011) finds that pre-reform industry characteristics that should
be able to predict the timing of de-reservation in a particular industry if the reforms were politically determined and
endogenous to past performance, are not able to explain why some products were de-reserved earlier than others,
suggesting that these reforms had no systematic relationship with pre-reform efficiency of firms in a given industry.

Finally, with respect to tariff reform, as argued by Topalova (2010):

‘‘the timing of the trade liberalisation was unanticipated, as it was sudden and externally imposed. Thus, it was not part of
a well-planned development strategy that would have given households and firms the opportunity to adjust their
20 We also included de-licensing, de-reservation and tariff reform separately in our industry by industry first stage regressions, and found that they were
insignificant in several of the industries.

21 It should be noted that the potential endogeneity of the FORMAL variable is addressed by the three stage estimation method that we have used, and the use
of the selection equation in the first stage to address the endogeneity in the firm’s decision whether to locate in the formal or informal sector.



Table 6
Impact of reforms on technical efficiency in Indian manufacturing dep. variable: absolute technical efficiency.

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

Formal 0.220���

(0.00191)
0.220���

(0.00192)
0.230���

(0.00192)
0.228���

(0.00196)
�0.175���

(0.00401)
�0.0746���

(0.00456)
0.131���

(0.00232)
0.401���

(0.00404)
REFORM 0.00539���

(0.000107)
0.00345���

(0.000101)
DELICENSE 0.00237���

(6.38e�05)
0.00125���

(6.03e�05)
DERESERVE 0.00255���

(5.89e�05)
�0.000126��

(6.29e�05)
TARIFF 0.000476���

(0.000119)
0.00150���

(0.000112)
Formal � REFORM 0.00736���

(6.23e�05)
Formal � DELICENSE 0.00349���

(5.17e�05)
Formal � DERESERVE 0.00411���

(4.46e�05)
Formal � TARIFF �0.00365���

(7.83e�05)
Constant 0.353���

(0.00326)
0.373���

(0.00314)
0.441���

(0.00302)
0.412���

(0.0103)
0.556���

(0.00338)
0.515���

(0.00320)
0.522���

(0.00313)
0.406���

(0.0101)

Ind. dummy Yes Yes Yes Yes Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes
Number of

observations
174,736 174,736 174,736 174,736 174,736 174,736 174,736 174,736

R-squared 0.249 0.246 0.246 0.239 0.286 0.259 0.278 0.246

Note: ��� and �� indicate significance at minimum 1% and 5% level respectively; figures in parenthesis are standard errors.
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employment, consumption and production decisions in anticipation of trade liberalisation. . . Indeed, the reforms were
implemented so fast that they did not appear on the political radar’’ (pp. 5–6).

Topalova (2004, 2007) also shows that there is no correlation between future tariffs and current productivity, and that
tariff changes were not correlated with pre-reform sectoral characteristics such as number of employees, industrial concen-
tration, and the share of skilled workers, that may suggest that less efficient industries received politically protection.

To test for the endogeneity of reforms formally, we regress the reform variable at time t on absolute efficiency levels of
formal and informal firms at time t � 1. While the coefficient on the reform variable is positive, it is not statistically signif-
icant from zero. Thus, there is no evidence to suggest that there is a systematic relationship between the timing of reforms
and past performance, allaying possible endogeneity concerns on the REFORM variable.



0
.5

1
1.

5
2

0 .2 .4 .6 .8 1

kdensity Uasi kdensity Uasi_new

Efficiency

Fig. A2. Kernel density plots of efficiency in formal firms – comparison of two different ways to estimate selection equation (pooled versus year by year
selection).

Table A1
List of industries.

NIC 2-digit
classification

ISIC code Description

15 311, 313 Manufacture of food products and beverages
16 314 Manufacture of tobacco products
17 321 Manufacture of textiles
18 322 Manufacture of wearing apparel; dressing and dyeing of fur
19 323, 324 Tanning and dressing of leather; manufacture of luggage, handbags, saddler, harness and footwear
20 331 Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw and

plaiting materials
21 341 Manufacture of paper and paper products
22 342 Publishing, printing and reproduction of recorded media
23 353, 354 Manufacture of coke, refined petroleum products and nuclear fuel
24 351, 352 Manufacture of chemicals and chemical products
25 355, 356 Manufacture of rubber and plastics products
26 361, 362,

369
Manufacture of other non-metallic mineral products

27 371, 372 Manufacture of basic metals
28 381 Manufacture of fabricated metal products, except machinery and equipment
29 382 Manufacture of machinery and equipment not elsewhere classified
30 382 Manufacture of office, accounting and computing machinery
31 383 Manufacture of electrical machinery and apparatus not elsewhere classified
32 385 Manufacture of radio, television and communication equipment and apparatus
33 385 Manufacture of medical, precision and optical instruments, watches and clocks
34 384 Manufacture of motor vehicles, trailers and semi-trailers
35 384 Manufacture of other transport equipment
36 332 Manufacture of furniture; manufacturing not elsewhere classified

Note: Based on national industrial classification (NIC) – 1998 (at two digit level). Industry IDs used in Fig. 2 are provided in column headed ‘‘NIC 2-digit
classification’’).
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6. Conclusions

Do economic reforms reduce or exacerbate manufacturing dualism? We investigate this question using firm level data for
the informal and formal manufacturing for the Indian economy combined from four repeated cross-sections over the period
1989–2005. We use stochastic frontier analysis applied to 22 industries to calculate efficiency at the firm-level for the Indian
economy for both formal and informal firms separately. We use the econometric methodology proposed by Greene (2010) to
correct for selection bias in the firm’s decision to be in the informal or formal sectors in the estimates of efficiency. We then



Table A2
Estimated production parameters, industry level, 1989–1990 and 1994–1995 (Formal Firms).

Industry 1989–1990 1994–1995

Constant LnK LnL LogL Rho N Constant LnK LnL LogL Rho N

Food 5.808� (0.142) 0.365� (0.010) 0.844� (0.021) �7171.42 0.85� (0.03) 7743 6.417� (0.100) 0.366� (0.007) 0.687� (0.013) �13627.43 0.59� (0.06) 11,759
Tobacco 8.700� (0.770) 0.189� (0.018) 0.748� (0.046) �978.01 �0.44 (0.29) 863 8.209� (0.538) 0.236� (0.012) 0.754� (0.030) �1738.14 �0.10 (0.34) 1903
Textiles 5.971� (0.296) 0.321� (0.012) 0.805� (0.021) �4694.56 0.69� (0.03) 6149 6.759� (0.097) 0.339� (0.008) 0.650� (0.013) �9891.72 0.77� (0.02) 13,401
Apparel 8.613� (0.479) 0.444� (0.030) 0.446� (0.054) �676.18 �0.91� (0.07) 589 7.507� (0.303) 0.317� (0.022) 0.562� (0.034) �2307.15 0.91� (0.02) 1383
Leather 7.729� (0.894) 0.292� (0.046) 0.710� (0.068) �611.40 �0.61� (0.16) 642 7.418� (0.253) 0.274� (0.020) 0.811� (0.035) �1310.44 0.89� (0.06) 1310
Wood 7.430� (0.567) 0.237� (0.027) 0.662� (0.053) �1193.64 0.72� (0.07) 1858 7.488� (0.214) 0.251� (0.016) 0.705� (0.034) �2348.32 0.83� (0.09) 2664
Paper 8.069� (0.305) 0.331� (0.026) 0.624� (0.050) �695.16 �0.31 (0.81) 605 7.883� (0.144) 0.325� (0.009) 0.762� (0.018) �1487.63 0.00 (0.67) 1097
Publishing 6.860� (0.209) 0.295� (0.018) 0.843� (0.040) �1406.75 0.77� (0.08) 1487 7.112� (0.184) 0.276� (0.013) 0.918� (0.028) �1937.49 0.77� (0.04) 2040
Petroleum 5.886� (0.645) 0.409� (0.045) 0.762� (0.077) �282.89 0.79� (0.38) 236 4.907� (0.855) 0.510� (0.028) 0.641� (0.044) �545.79 0.08 (0.46) 405
Chemicals 5.516� (0.203) 0.513� (0.014) 0.650� (0.027) �2926.11 0.77� (0.07) 2129 6.117� (0.126) 0.452� (0.009) 0.664� (0.018) �4982.86 0.73� (0.07) 3830
Rubber 7.925� (0.289) 0.337� (0.023) 0.663� (0.043) �1276.70 0.54� (0.26) 1110 6.854� (0.182) 0.352� (0.014) 0.783� (0.027) �2450.94 0.76� (0.06) 2152
Minerals 6.692� (0.134) 0.314� (0.010) 0.776� (0.021) �3002.63 0.62� (0.07) 2563 6.523� (0.105) 0.339� (0.008) 0.775� (0.017) �5348.68 0.52� (0.12) 4830
Basic metal 7.386� (0.200) 0.324� (0.018) 0.774� (0.034) �1785.63 0.54� (0.23) 1430 6.796� (0.284) 0.341� (0.011) 0.762� (0.020) �2984.41 �0.23 (0.25) 2454
Metal products 7.367� (0.185) 0.237� (0.016) 0.915� (0.029) �2727.52 0.89� (0.02) 2987 6.480� (0.243) 0.301� (0.010) 0.835� (0.020) �4762.45 0.70� (0.04) 4989
Machinery 7.440� (0.172) 0.304� (0.014) 0.883� (0.025) �2865.96 �0.23 (0.24) 2773 7.513� (0.220) 0.302� (0.010) 0.825� (0.018) �4628.69 �0.63� (0.03) 4405
Office machinery 7.037� (1.020) 0.321� (0.084) 1.078� (0.116) �81.01 �0.08 (2.98) 72 6.164� (1.471) 0.479� (0.096) 0.700� (0.137) �160.21 �0.03 (1.29) 105
Electrical machinery 6.980� (0.303) 0.348� (0.025) 0.859� (0.043) �1068.22 0.62� (0.10) 904 6.789� (0.373) 0.307� (0.017) 0.890� (0.030) �1892.94 0.73� (0.04) 1557
Radio and television 7.278� (0.680) 0.343� (0.058) 0.733� (0.091) �285.61 0.82 (0.59) 230 6.923� (0.715) 0.340� (0.032) 0.820� (0.071) �745.67 0.21 (0.38) 541
Medical, precision inst. 8.590� (0.646) 0.260� (0.053) 0.812� (0.096) �286.90 �0.58� (0.27) 249 8.708� (0.186) 0.302� (0.014) 0.795� (0.025) �592.62 0.00 (0.69) 397
Motor vehicles 6.161� (0.677) 0.341� (0.027) 0.862� (0.042) �402.05 0.63� (0.29) 351 7.157� (0.244) 0.314� (0.019) 0.851� (0.030) �844.19 0.75� (0.15) 800
Transport equipment 8.315� (0.671) 0.223� (0.028) 0.865� (0.043) �644.31 �0.40 (0.27) 545 7.624� (0.230) 0.290� (0.016) 0.818� (0.025) �1334.53 0.76� (0.12) 1194
Furniture 8.166� (0.653) 0.285� (0.026) 0.851� (0.054) �1361.14 �0.76� (0.06) 2808 5.550� (0.462) 0.273� (0.017) 0.877� (0.037) �2347.16 0.88� (0.02) 3763

Notes: (a) LnK and lnL are natural logarithms of capital stock and labour respectively; (b) logL is the value of the log likelihood function, Rho is selection parameter; and N is the total number of firms; (d) �
indicates level of significance at 10%; (e) figures in parenthesis are standard errors.
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Table A3
Estimated production parameters, industry level, 2000–2001 and 2005–2006 (formal firms).

Industry 2000–2001 2005–2006

Constant LnK LnL LogL Rho N Constant LnK LnL LogL Rho N

Food 6.017� (0.218) 0.408� (0.008) 0.641� (0.013) �8231.82 �0.04 (0.13) 10,325 8.923� (0.080) 0.333� (0.006) 0.641� (0.010) �10932.01 �0.83� (0.02) 9151
Tobacco 7.330� (0.813) 0.248� (0.018) 0.826� (0.034) �753.40 0.15 (0.35) 940 6.903� (0.515) 0.268� (0.013) 0.884� (0.025) �1252.06 0.21 (0.26) 743
Textiles 7.723� (0.213) 0.377� (0.008) 0.593� (0.014) �5932.74 �0.84� (0.01) 10,130 8.304� (0.085) 0.383� (0.006) 0.620� (0.010) �7618.19 �0.82� (0.02) 5458
Apparel 7.935� (0.294) 0.317� (0.019) 0.624� (0.028) �1994.19 0.56� (0.09) 6352 8.263� (0.231) 0.264� (0.015) 0.651� (0.021) �2501.24 0.72� (0.05) 3996
Leather 7.840� (0.369) 0.252� (0.030) 0.835� (0.04) �726.26 0.83� (0.10) 1212 7.089� (0.522) 0.367� (0.022) 0.539� (0.028) �999.95 0.54� (0.10) 871
Wood 7.002� (0.267) 0.278� (0.022) 0.808� (0.059) �1164.49 0.82� (0.14) 3107 7.730� (0.363) 0.294� (0.014) 0.757� (0.043) �1473.31 0.05 (0.44) 1771
Paper 7.484� (0.270) 0.338� (0.023) 0.701� (0.040) �768.04 0.34 (0.26) 964 7.667� (0.206) 0.361� (0.018) 0.653� (0.033) �1071.70 0.52� (0.15) 1026
Publishing 5.600� (0.524) 0.347� (0.020) 0.824� (0.041) �1084.30 0.80� (0.04) 2200 7.653� (0.191) 0.348� (0.013) 0.795� (0.029) �1470.96 �0.76� (0.06) 1395
Petroleum 5.258� (0.055) 0.601� (0.004) 0.502� (0.005) �544.59 0.00 (0.38) 249 4.898� (0.100) 0.430� (0.032) 0.965� (0.059) �427.89 �0.56� (0.24) 316
Chemicals 6.625� (0.204) 0.423� (0.014) 0.634� (0.022) �3143.34 0.15 (0.55) 2665 7.452� (0.146) 0.393� (0.011) 0.602� (0.02) �3886.18 0.38 (0.25) 3025
Rubber 6.706� (0.241) 0.407� (0.019) 0.661� (0.033) �1290.51 0.63� (0.17) 1741 8.730� (0.153) 0.304� (0.012) 0.755� (0.022) �2039.85 �0.71� (0.06) 1845
Minerals 6.030� (0.156) 0.400� (0.010) 0.731� (0.018) �3036.94 0.14 (0.18) 4265 6.620� (0.212) 0.372� (0.008) 0.801� (0.015) �5449.42 �0.38� (0.08) 4976
Basic metal 7.384� (0.184) 0.355� (0.016) 0.720� (0.028) �1588.03 �0.56� (0.17) 1620 7.907� (0.168) 0.350� (0.014) 0.709� (0.025) �2530.83 0.30 (0.29) 2090
Metal products 7.899� (0.328) 0.321� (0.014) 0.784� (0.026) �2418.52 �0.80� (0.03) 5326 7.527� (0.152) 0.345� (0.013) 0.651� (0.019) �3737.72 0.63� (0.06) 3844
Machinery 7.587� (0.287) 0.312� (0.012) 0.816� (0.020) �2611.61 �0.74� (0.03) 3349 8.255� (0.133) 0.287� (0.011) 0.873� (0.019) �3336.02 �0.57� (0.06) 3044
Office machinery 6.011� (1.718) 0.547� (0.134) 0.524� (0.157) �66.45 0.79 (1.10) 60 10.623� (1.798) 0.145 (0.179) 1.042� (0.304) �65.26 0.82 (1.59) 57
Electrical machinery 7.548� (0.229) 0.340� (0.020) 0.788� (0.033) �1252.96 0.83� (0.08) 1274 9.164� (0.185) 0.276� (0.014) 0.853� (0.026) �1561.77 �0.67� (0.09) 1546
Radio and television 7.068� (0.415) 0.399� (0.036) 0.751� (0.060) �312.63 0.90� (0.26) 304 9.879� (1.146) 0.219� (0.052) 0.753� (0.085) �348.40 0.36 (0.49) 278
Medical, precision inst. 7.894� (0.739) 0.293� (0.034) 0.770� (0.056) �427.91 0.19 (0.31) 410 9.300� (0.542) 0.286� (0.043) 0.695� (0.072) �458.34 0.42 (0.48) 371
Motor vehicles 6.912� (0.222) 0.360� (0.018) 0.775� (0.032) �818.84 0.69� (0.17) 979 7.874� (0.253) 0.343� (0.020) 0.723� (0.033) �1193.76 �0.51� (0.13) 1032
Transport equipment 7.251� (0.556) 0.352� (0.028) 0.710� (0.044) �643.72 �0.67� (0.08) 729 7.885� (0.213) 0.366� (0.019) 0.650� (0.027) �772.57 �0.40 (0.33) 773
Furniture 6.514� (0.359) 0.285� (0.021) 0.962� (0.038) �1308.77 0.93� (0.07) 5044 8.256� (0.261) 0.229� (0.016) 0.883� (0.031) �1937.96 0.70� (0.10) 3228

Notes: (a) LnK and lnL are natural logarithms of capital stock and labour respectively; (b) LogL is the value of the log likelihood function, Rho is selection parameter; and N is the total number of firms; (d) �
indicates level of significance at 10%; (e) figures in parenthesis are standard errors.
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Table A4
Estimated production parameters, industry level, 1989–1990 and 1994–1995 (Informal Firms).

Industry 1989–1990 1994–1995

Constant LnK LnL LogL Rho N Constant LnK LnL LogL Rho N

Food 8.333� (0.267) 0.161� (0.012) 0.205� (0.051) �9225.05 �0.66� (0.06) 7743 7.006� (0.125) 0.332� (0.010) 0.471� (0.023) �9923.65 �0.58� (0.07) 11,759
Tobacco 7.524� (0.771) 0.032 (0.033) 0.101 (0.134) �841.76 0.86� (0.06) 863 8.323� (0.509) 0.060� (0.027) 0.119� (0.032) �2115.01 0.61� (0.15) 1903
Textiles 7.819� (0.265) 0.174� (0.011) 0.222� (0.050) �7528.45 �0.46� (0.14) 6149 5.843� (0.095) 0.341� (0.005) 0.762� (0.014) �12386.74 �0.80� (0.01) 13,401
Apparel 7.514� (0.829) 0.311� (0.069) 0.326 (0.226) �562.36 �0.72� (0.26) 589 8.408� (0.385) 0.183� (0.039) 0.805� (0.106) �555.65 �0.58� (0.31) 1383
Leather 8.031� (0.927) 0.170� (0.043) 0.193� (0.192) �671.61 �0.23 (0.26) 642 6.733� (0.372) 0.330� (0.033) 0.738� (0.080) �1102.02 0.82� (0.12) 1310
Wood 7.536� (0.535) 0.153� (0.021) 0.332� (0.089) �2474.93 0.28 (0.48) 1858 7.873� (0.261) 0.213� (0.012) 0.814� (0.041) �2284.69 0.07 (1.00) 2664
Paper 8.771� (2.105) �0.000 (0.081) 0.771� (0.345) �332.45 0.45 (0.63) 605 5.708� (0.943) 0.330� (0.049) 0.993� (0.116) �415.37 �0.30 (0.30) 1097
Publishing 7.619� (0.780) 0.180� (0.033) 0.318� (0.134) �1523.19 �0.39 (0.36) 1487 7.472� (0.356) 0.265� (0.022) 0.764� (0.054) �1606.60 �0.86� (0.02) 2040
Petroleum 8.582� (4.0710 �0.080(0.1600 �0.187 (0.810) �139.35 0.84� (0.12) 236 6.624� (1.139) 0.317� (0.0780 0.709� (0.301) �131.95 0.05 (0.73) 405
Chemicals 4.976� (1.298) 0.225� (0.059) 0.514� (0.223) �899.17 0.80� (0.09) 2129 7.169� (0.625) 0.444� (0.031) 0.685� (0.081) �1684.90 �0.93� (0.02) 3830
Rubber 8.603� (1.358) 0.145� (0.057) 0.499� (0.237) �830.70 �0.41 (0.26) 1110 6.404� (0.354) 0.334� (0.028) 0.892� (0.078) �1301.74 0.08 (0.33) 2152
Minerals 7.302� (0.574) 0.095� (0.031) 0.083 (0.126) �1506.18 0.76� (0.08) 2563 6.431� (0.223) 0.344� (0.015) 0.635� (0.035) �3327.46 0.11 (0.22) 4830
Basic metal 10.347� (2.378) 0.003 (0.087) 1.307� (0.371) �596.80 �0.76� (0.24) 1430 8.944� (0.679) 0.217� (0.036) 0.942� (0.128) �741.87 �0.79� (0.13) 2454
Metal products 6.309� (0.448) 0.209� (0.023) 0.386� (0.085) �3270.97 0.75� (0.07) 2987 7.178� (0.206) 0.276� (0.011) 0.853� (0.029) �4018.47 �0.86� (0.01) 4989
Machinery 9.030� (0.545) 0.134� (0.027) 0.518� (0.103) �2395.61 �0.81� (0.05) 2773 6.997� (0.217) 0.276� (0.016) 1.014� (0.041) �3023.78 �0.12 (0.24) 4405
Office

machinery
9.492� (0.017) 0.312� (0.004) �0.167� (0.018) �12.39 �0.67 (1.89) 72 16.141� (0.816) �0.311� (0.048) 0.803� (0.072) �10.65 0.62 (51.47) 105

Electrical
machinery

8.154� (1.710) 0.158� (0.063) 0.259 (0.240) �549.53 �0.07 (0.50) 904 7.453� (0.437) 0.245� (0.035) 1.056� (0.085) �739.18 �0.16 (0.43) 1557

Radio and
television

11.193� (1.673) �0.014 (0.102) 0.582 (0.525) �111.20 �0.99� (0.06) 230 7.643� (1.062) 0.315� (0.088) 1.052� (0.152) �113.55 �0.99� (0.01) 541

Medical,
precision
inst.

12.230� (0.406) �0.098� (0.028) 0.868� (0.130) �142.55 �0.99� (0.06) 249 6.123� (2.258) 0.329� (0.120) 1.087� (0.284) �167.18 �0.25 (0.48) 397

Motor vehicles 27.659� (10.128) �0.890 (1.011) 0.071 (2.910) �90.39 �0.99� (0.02) 351 6.920� (0.425) 0.404� (0.038) 0.753� (0.094) �272.54 �0.99� (0.00) 800
Transport

equipment
9.850� (1.284) 0.146� (0.061) 0.284 (0.246) �374.48 �0.86� (0.11) 545 8.222� (0.713) 0.231� (0.050) 0.906� (0.106) �722.02 �0.54 (0.47) 1194

Furniture 7.218� (0.332) 0.179� (0.016) 0.567� (0.067) �3795.77 �0.36 (0.29) 2808 7.881� (0.104) 0.218� (0.010) 0.821� (0.026) �3303.74 �0.40� (0.22) 3763

Notes: (a) LnK and lnL are natural logarithms of capital stock and labour respectively; (b) LogL is the value of the LogLikelihood function, Rho is selection parameter; and N is the total number of firms; (d) �
indicates level of significance at 10%; (e) figures in parenthesis are standard errors.
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Table A5
Estimated production parameters, industry level, 2000–2001 and 2005–2006 (informal firms).

Industry 2000–2001 2005–2006

Constant LnK LnL LogL Rho N Constant LnK LnL LogL Rho N

Food 6.992� (0.10) 0.336� (0.008) 0.610�

(0.018)
�11165.70 �0.55� (0.07) 10,325 4.257� (0.247) 0.258� (0.013) 1.314�

(0.030)
�6878.01 �0.25� (0.11) 9151

Tobacco 7.698� (0.368) 0.294� (0.034) 0.452�

(0.056)
�1092.17 �0.79� (0.12) 940 4.374� (1.026) 0.330� (0.072) 0.640�

(0.183)
�156.30 �0.40 (0.64) 743

Textiles 5.940� (0.103) 0.372� (0.005) 0.766�

(0.014)
�9303.53 �0.84� (0.01) 10,130 3.837� (0.252) 0.334� (0.013) 0.762�

(0.035)
�2560.01 �0.13 (0.26) 5458

Apparel 7.191� (0.085) 0.269� (0.008) 0.944�

(0.018)
�5884.64 �0.32� (0.08) 6352 4.018� (0.193) 0.275� (0.010) 0.943�

(0.025)
�3242.74 �0.19 (0.12) 3996

Leather 8.335� (0.186) 0.163� (0.017) 0.914�

(0.047)
�1114.95 0.13 (0.16) 1212 4.066� (0.695) 0.326� (0.038) 0.890�

(0.093)
�500.40 �0.26 (0.23) 871

Wood 7.965� (0.092) 0.195� (0.007) 0.871�

(0.025)
�2776.73 0.29 (0.27) 3107 5.633� (0.274) 0.094� (0.015) 1.256�

(0.045)
�1463.26 0.89� (0.02) 1771

Paper 6.691� (0.248) 0.385� (0.022) 0.625�

(0.059)
�798.48 �0.74� (0.07) 964 0.593 (1.947) 0.647� (0.120) 1.645�

(0.248)
�591.51 �0.66� (0.18) 1026

Publishing 5.848� (0.244) 0.341� (0.014) 0.799�

(0.029)
�2082.75 �0.78� (0.03) 2200 4.151� (0.671) 0.247� (0.034) 1.305�

(0.075)
�1218.42 �0.28 (0.27) 1395

Petroleum 7.440� (0.238) 0.264� (0.027) 0.724�

(0.089)
�113.61 0.99� (0.00) 249 0.719 (3.933) 0.427� (0.179) 1.646�

(0.542)
�137.78 0.24 (0.59) 316

Chemicals 4.464� (0.329) 0.491� (0.024) 0.503�

(0.062)
�1967.33 0.88� (0.06) 2665 0.730 (1.501) 0.694� (0.051) 1.108�

(0.126)
�1765.69 �0.42 (0.45) 3025

Rubber 6.313� (0.195) 0.417� (0.017) 0.770�

(0.040)
�1677.38 �0.79� (0.04) 1741 1.831� (1.108) 0.467� (0.051) 1.765�

(0.136)
�1367.39 �0.40� (0.20) 1845

Minerals 6.839� (0.126) 0.315� (0.010) 0.578�

(0.025)
�4754.30 0.68� (0.07) 4265 5.226� (0.461) 0.253� (0.020) 0.868�

(0.048)
�4235.81 �0.22 (0.16) 4976

Basic metal 7.059� (0.320) 0.341� (0.022) 0.804�

(0.065)
�1150.88 �0.60� (0.25) 1620 2.854� (1.527) 0.393� (0.069) 1.641�

(0.207)
�923.80 �0.32 (0.41) 2090

Metal products 7.568� (0.087) 0.241� (0.007) 0.866�

(0.018)
�4782.16 0.21 (0.15) 5326 4.318� (0.319) 0.284� (0.016) 1.122�

(0.040)
�3301.92 �0.16 (0.25) 3844

Machinery 7.298� (0.148) 0.298� (0.013) 0.989�

(0.027)
�2910.03 �0.84� (0.05) 3349 2.983� (0.661) 0.351� (0.036) 1.864�

(0.090)
�1918.32 �0.35� (0.20) 3044

Office machinery 12.832�

(4.148)
�0.176
(0.312)

2.125�

(0.542)
�27.40 �0.99� (0.07) 60 12.280�

(0.250)
�0.237� (0.021) 2.449�

(0.034)
�35.63 �0.99� (0.05) 57

Electrical machinery 6.444� (0.390) 0.372� (0.027) 0.799�

(0.061)
�1008.77 �0.46� (0.17) 1274 4.401� (0.819) 0.319� (0.042) 1.916�

(0.108)
�1591.90 �0.73� (0.09) 1546

Radio and television 5.957� (1.814) 0.411� (0.108) 0.624�

(0.250)
�145.99 0.25 (0.74) 304 4.172 (2.879) 0.294 (0.214) 2.869�

(0.556)
�135.29 �0.41 (0.57) 278

Medical, precision
inst.

6.842� (0.705) 0.324� (0.066) 0.787�

(0.133)
�265.88 0.69� (0.28) 410 1.741� (2.697) 0.554� (0.144) 1.560�

(0.417)
�205.81 �0.39 (0.43) 371

Motor vehicles 7.048� (0.552) 0.276� (0.032) 0.940�

(0.063)
�808.07 �0.39 (0.44) 979 5.067� (2.412) 0.269� (0.078) 1.794�

(0.277)
�461.98 �0.61 (0.56) 1032

Transport equipment 7.187� (0.547) 0.301� (0.032) 0.851�

(0.087)
�511.38 �0.56 (0.39) 729 2.334� (1.084) 0.292� (0.072) 0.951�

(0.154)
�446.85 0.98� (0.01) 773

Furniture 7.520� (0.118) 0.240� (0.001) 0.857�

(0.017)
�4338.43 �0.75� (0.03) 5044 4.646� (0.188) 0.244� (0.011) 1.027�

(0.027)
�3127.69 0.89� (0.01) 3228

Notes: (a) LnK and lnL are natural logarithms of capital stock and labour respectively; (b) LogL is the value of the log likelihood function, Rho is selection parameter; and N is the total number of firms; (d) �
indicates level of significance at 10%; (e) figures in parenthesis are standard errors.
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estimate the effects of key product market reforms enacted in India since the mid 1980s – tariff reforms, industrial de-
licensing and the scaling back of small sector reservation policy – on efficiency differentials between informal and formal
firms.

Our regression results suggest that economic reforms have had an unambiguous positive effect on absolute levels of tech-
nical efficiency in the entire manufacturing sector (both informal and formal sectors combined). While average efficiency
levels in both the informal and the formal manufacturing sectors have increased, the increase has been more for the formal
firms. We also find that economic reforms have increased the efficiency differentials between the more efficient formal firms
and the less efficient informal firms in Indian manufacturing, and that all three product market reforms have contributed to
greater dualism in the manufacturing sector in the post-reform period.

Our findings on the role of economic reforms in increasing dualism in the manufacturing sector in India can be inter-
preted in two ways. One interpretation could be that there has been an increasing movement of the more efficient informal
firms to the formal sector, and the entry of these firms into the formal sector has led to a widening differential inefficiency
levels between the informal and formal sectors. However, such an interpretation that suggests a fairly strong mobility of effi-
cient informal firms to the formal sector does not seem to be supported by the data. The share of the informal sector in total
manufacturing employment was 82% in 1989–1990, and was marginally lower at 80.5% in 2005–2006, 16 years later. Sim-
ilarly, the share of the informal sector in the total manufacturing output was 20.7% in 1989–1990 and was again marginally
lower at 18% in 2005–2006. A second interpretation that is more consistent with the available evidence is that the informal
sector is increasingly lagging behind in performance. This is reflected in an increase in the ratio of labour productivity of the
formal sector to the informal sector, which went up from 12.3 in 1989–1990 to 16.8 in 2005–2006. This suggests that the
conventional view on why the Indian manufacturing has had high levels of manufacturing dualism which attributes the lat-
ter to the restrictive policy regime followed in India till the early 1990s does not seem to be supported by the findings of this
paper. While economic reforms have had an overall efficiency-enhancing effect on Indian manufacturing, they have bene-
fited formal firms more than informal firms.

Our results have important implications for the effects of economic reforms on pro-poor growth in emerging economies.
While economic reforms can have strong positive effects on overall efficiency in the manufacturing sector, the widening gap
between the productivity of formal and informal firms in manufacturing will make it difficult for informal firms to compete
in external and domestic markets that are increasingly integrated. Given the large presence of unskilled and semi-skilled
workers in the workforce of the informal sector, such a process of dualistic development may act as a significant obstacle
for the poverty reducing and employment creating impact of economic growth.
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