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Drawing on the evidence from Indian provinces, this paper, using a four-sector general equilib-
rium model with segmented domestic labour and capital markets, proposes that factor-specific
technological progress only in the capital-intensive segment of the urban formal sectors may
affect the urban informal workers adversely, while a trade induced progress in the vertically
integrated skill-intensive formal sector benefits them. The numerical analysis further illumi-
nates the importance of credit-product inter-linkage to channel the impact on urban informal
wage. Such analysis also helps to infer the well-being of the urban poor, given its strong asso-
ciation with the trends in informal wages.
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1. Introduction

It is well-known that in a developing economy the ‘informal sector’ hosts a substantial proportion of the workforce in unreg-
istered activities, as the less regulated part of the economy where minimum wage laws and labour regulations are either totally
absent or weakly implemented. Such sectors are mainly engaged in producing non-traded items in the economy. These sectors
primarily comprise own-account enterprises, and also many subcontract firms (producing various parts and semi-processed com-
ponents for the formal sector firms). As suggested by many authors (Agenor, 1996; Schneider & Enste, 2000 and the references
therein) more than 70% of the workforce is engaged in the informal sector of a developing country (hereafter DC). In South
Asian countries such as India, a significant proportion (about 85% in non-agricultural activities of India) of the working population
are engaged in the informal sector. On 2010–11, the informal sector accounted for almost 94% of India's workforce (National Sam-
ple Survey (NSS) Report No. 549, 2010–11). Such sectors comprise mainly “wage hunters and gatherers” (Breman 1994), who are
usually but not always uneducated, with little or no chance of a living wage and can hardly afford to remain unemployed.

One important implication of the 1991 economic reform in India has primarily been the productivity improvement, primarily
capital-using (i.e. labour-saving) in nature, in the organised (formal) manufacturing and service sectors of the urban area; as ev-
idenced in Pattnayak and Thangavelu (2005), Hulten and Srinivasan (1999) and so on. In light of the evidences provided in Hasan
(2002), Goldar and Kumari (2003), Topalova (2010) and so on; such productivity surge in the Indian skill-intensive manufactur-
ing or services industries during the liberalised regime has particularly been driven by greater access to the newer varieties of
imported inputs from abroad, owing to the lowering of input tariffs. However, following such a technological change in the
urban formal sectors, organisation of production between the organised and unorganised (informal) segments of the urban econ-
omy should be affected; which would, in turn, impart informal activities, wages and employment. Therefore, benefits of produc-
tivity improvement in the formal sectors should have percolated to the bottom of the income group working in the urban
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Fig. 1. Annual Rate of Total Factor Productivity Growth in Formal Sectors.
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informal sectors. While it is difficult to assess such an impact at the micro level and in terms of various indicators of poverty and
human development, by exploring the general equilibrium impact of productivity take-offs in the formal manufacturing sectors on
the informal wage and employment, this paper, according to the definition of income poverty (people are poor if they earn abys-
mally low wages, which is common among the informal sector workers in developing countries like India), serves to draw an in-
ference on the well-being of the ‘poor’ urban workers working in the informal sectors. This works in the present context because
these workers do not have to be necessarily unemployed in order to be considered poor; prevalence of very low market deter-
mined wages describes the impoverishment of those people, who are engaged in informal activities. Vertical production linkages
within the domestic urban economy as well as international outsourcing (fragmentation) of production in the formal (skill-inten-
sive) sector have been incorporated within an encompassing general equilibrium model (of production and trade) for the urban
economy of a developing country like India; while regarding the factor markets, the model not only allows for having formal-
informal segmentation in domestic labour markets, but also for having imperfection in the informal sector capital (credit) market
to execute this crucial issue.

1.1. Some stylised facts

India experienced productivity surge in the organised urban manufacturing (formal) sectors (covered under the Annual Survey
of Industries (ASI) act) over the ten-year period from 2000 to 2010 in almost all the provinces (Fig. 1).1

Furthermore, labour productivity in the organised formal sectors has increased fairly evenly across the provinces of India be-
tween 1989 and 2010 as revealed in Fig. 2.

However, we observe a sharp increase in real informal wages in the urban areas during this period as observed in the follow-
ing figure. To construct the variables for urban unorganised informal sector in the context of the sample under consideration, data
from various rounds of surveys conducted by ‘National Sample Survey Organisation’ (NSSO) (1989–2010) of the Government of
India for Non-Directory Manufacturing Establishments (NDMEs) (not covered under the ASI act and having strong inter-linkages
with the organised sectors) in the urban areas have been utilised in this paper. This paper utilises NSS surveys for 1989–90, 1994–
95, 2000–01, 2005–06 and 2010–11 across twenty-seven Indian provinces for this purpose. Detailed construction of variables (in-
cluding that of the real informal wage) from survey data are available in Appendices II and III.
1 The survey data on the registered manufacturing industries across 27 major Indian states available from the Annual Survey of Industries (ASI) have been used to
compute total factor productivity growth (TFPG) using the growth accountingmethod for the survey years 2000–01, 2005–06 and 2010–11. Details on the construction
of TFPG are available in Appendix II.



Fig. 2. Annual Growth Rate in Labour Productivity in Formal Sectors.
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This seems a puzzle since we observe improvement in labour productivity in the formal sectors and increase in informal wages
concurrently during the liberalised regime in Indian provinces.

However, Sundaram, Ahsan, and Mitra (2012) found strong positive correlation between formal and unorganised (informal)
sector activities (employment, output and value added) at the industry-province level, which supports significantly the inter-
linkage between formal and informal sectors. Also the reliance of formal sectors on informal sectors is much higher where labour
laws are more stringent and organised sectors are relatively human capital (or skill) -intensive (Sundaram et al., 2012). This is
because the formal sector firms with rigid labour markets and higher skill-requirement often find it profitable to farm out a
part or whole of their production to the informal sector firms (that enjoy advantages of cheap labour supply) to avoid various
regulations and associated costs. On the other hand, the informal firms are also dependent on formal firms for marketing their
products and, in particular, for the supply of credit from the formal sector firms since the formal firms usually have an advantage
over the informal firms in the credit market.

In this context, this paper constructs a broad measure of input purchases by the formal sectors from local informal firms. This
variable, capturing the notion of vertical production linkages between urban formal and informal sectors, is the sum of

(a) Value of products sold by the registered factories in the same condition as purchased from the other local firms; and
(b) Cost of contract and commission work done by others on materials supplied by the factory.
(c) Total delivered value of all other materials (other than fuel), which have not been produced by the registered factories.

The first two items together constitute a measure of subcontracting.2

However, value added has been rising over time in both the informal and formal manufacturing sectors. On the other hand,
employment in the formal sector has remained static or has even been slightly declining, while in the informal sector it has
been rising steadily. Therefore, in case of value added, a percent-to-percent match in the growth of formal and informal
manufacturing has been obtained, which is indicative of some degree of complementarity between the two sectors, while the
growth in population or labour force has mainly been absorbed by the informal manufacturing sector. The positive growth rate
in subcontracting activity during the liberalised regime in most of the Indian provinces can be observed in Fig. 4.3

A high rate of growth is also observed in accumulation of real fixed assets of urban NDMEs (relative to that in the registered
factories), an approximation to capital accumulation in the urban informal sectors relative to that in formal sectors,4 across almost
all the 27 provinces (Fig. 5) during the liberalised regime.
2 Ramaswami (1999) measured subcontracting intensity in formal sectors in a similar fashion. He used the ratio of the value of goods sold in the same condition as
purchased to value-added as a measure, but this excludes other forms of subcontracting recorded as contract work performed on materials supplied.

3 Although for some of the provinces, for some particular year-interval(s), we observe negative annual growth rate in subcontracting activity, such as for Assamdur-
ing 2005–10. Thismeans that the growth rate of the variable comprising total value of products sold by the registered factories in the same condition as purchased from
the other local firms, together with the costs of contract and commission work done by others onmaterials supplied by the factory, declined from 2005 to 2010 for As-
sam. This, in turn, implies over this time period, registered factories of Assam have lesser reliance on local resources for their production.

4 Other more appropriate variable, such as ‘Working Capital’ in the urban NDMEs to provide a proper notion of ‘Capital’ could not be utilised, due to data-
unavailability. However, the overwhelming fixed assets formation in the informal sectors definitely indicates that a large portion of the investments (previously in
the formal sector) has flown into the informal segment. Kar and Marjit (2009) have also used this empirical approximation. For some provinces, however, we observe
negative annual growth rate of relative capital accumulation for some particular time-interval. That means, over this particular time-interval, lesser capital has been
reallocated to the informal sectors from the formal sectors in these provinces.



Fig. 3. Annual Growth Rate in Real Informal Wages.
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Therefore, we observe four concurrent events across Indian provinces during the liberalised regime: productivity improvement
in the organised sectors, formal-informal production linkages in the urban area, movement of both capital and labour to the in-
formal sectors, and sharp increase in informal wages. Hence, it becomes a challenge to the trade-theorist to channel the impact of
technological progress in the organised sectors on the urban informal wage and subsequently employment in the urban informal
sectors for a small, open developing economy like India – that typically suffers from rigid organised sector labour market and im-
perfection in credit market of the informal sector.

Against this backdrop, this paper explores the association between the urban informal wage and urban poverty at the provin-
cial level to motivate the main research agenda, calculating the poverty head count ratios in the urban areas of Indian provinces
for the years 2004–05 and 2011–12. As demonstrated in Fig. 6, the head count ratio has dropped across all the provinces except
Nagaland. The increase in the urban informal wage between 2005 and 2010 (as shown in Fig. 3) in these Indian states can plau-
sibly be one significant reason for the decrease in urban poverty headcount ratio, given the fact that the majority of the urban
poor in India are engaged in the non-agricultural urban informal sector. This observation substantiates the choice of informal
wage as a reasonable benchmark to conclude on the welfare implications of ‘urban poor’.

Given the concentration of informal workers in the urban economy and presence of urban poverty, the theoretical exercise will
also enable to obtain an overall view of the well-being of the ‘urban poor’ as a consequence of productivity improvement in the
urban organised non-agricultural sectors.
1.2. Research gap and contribution of this paper

Goldberg and Pavcnik (2003) have explored the asymmetric impact of reform policies on the size of the informal sector. How-
ever, DCs like India are also plagued by capital market segmentation among the organised formal and unorganised informal sec-
tors. It has been shown theoretically (Marjit, 2003; Marjit & Kar, 2004; Marjit, Kar, and Beladi, 2007; Marjit, Kar, and Acharyya,
2007; Marjit & Kar, 2008a, 2008b; Marjit, Kar, & Maity, 2008) that informal wage can change depending on various degrees of
capital mobility between formal and informal sectors. These studies use simple general equilibrium structure to answer a critical
question – how do exogenous policy changes in the formal sector affect the wage and employment conditions in the informal
sector? Marjit and Kar (2009) assessed the implication of a tariff-cut in the organised formal sector on informal wages, explaining
the notion of different degrees of capital mobility between informal and formal segments of the economy and how they affect the
outcome on informal wage. However, while the paper by Marjit and Kar (2009) attempted to check trade policy induced relative
price effects on real informal wage, this paper highlights the productivity issue explicitly.

It should be mentioned that Marjit and Kar (2008a) explored the link between labour productivity growth and informal wage,
emphasising the role of capital mobility between formal and informal segments of the economy. However, it has been illustrated
in different studies that informal sector firms are integrated to the formal sector firms on a contractual basis. Therefore, it would
be unrealistic to assume that the informal sector produces internationally traded final goods, capital is sector-specific and that the
informal and formal credit markets are completely disintegrated even in the short-run (Marjit & Kar, 2008a, 2009). This is because



Fig. 4. Annual Growth Rate in Subcontracting Activity.
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the informal sector money-lender borrows capital from the formal credit market for re-lending.5 Hence a part of the formal credit
enters the informal credit market. Therefore, the ‘zero mobility’ case in Marjit and Kar (2008a, 2009) papers is unlikely to happen
in reality. This paper has specifically attempted to address such ‘gap’ in the existing research.

There has been a pertinent debate on the desirability of various types of technological progress among labour economists and
trade-theorists (Jones, 2006; Krugman, 2000). Trade-theorists, emphasising the importance of relative factor intensities in differ-
ent sectors (Jones, 1965; Oladi and Beladi, 2009; Beladi, Chaudhuri, & Yabuuchi, 2008) argue that a labour-augmenting type tech-
nological change in the labour-intensive sector will push the wages up. This result is in contradiction to the usual predictions of
labour economists. Findlay and Jones (2000) argued that trade and labour theory outcomes will be merged for a major modifica-
tion of production structure consequent upon such a technological progress. The most recent attempt has been made by Beladi,
De la Vina, and Marjit (2012) in terms of a simple two-sector static general equilibrium model with formal/organised (unionised
wage) – informal/unorganised (flexible wage) labour markets to show that technological progress leads to opposite movement in
informal wage independent of relative factor-intensity ranking between organised and unorganised labour sectors.

But the simple two-sector set-up in Beladi et al. (2012) was not quite generic to portray the conditions of urban informal sec-
tor in a developing economy. It would be more realistic to classify the urban informal sector as comprising of an industrial seg-
ment that uses labour and capital to provide an intermediate input such as leather and rubber products, electrical equipment etc.
to the formal sector firm, with the urban informal firm being tied to the formal firm by the system of subcontracting. Another
aspect of the informal service sector comprises producing non-traded services such as street-vendors with almost no use of cap-
ital. These possibilities have been considered in Kar and Marjit (2009).

However, Kar and Marjit (2009) did not consider any dualism in the domestic capital market. The dominant feature of dualism
in the capital market is the fragmented interest rate structure, featuring lower allocation of loanable capital to the informal sector
at a higher relative rental rate. The informal producers lack access to credit from formal institutions. Therefore, they generally de-
pend on the informal sources of credit, such as informal moneylenders, who charge exorbitantly high interest rates. Under this
policy, the informal moneylenders act as financial intermediaries between the formal credit agency and the final borrowers of
credit.6 This is the precise idea that has been put forward in the theoretical literature invoking the informal capital (credit) market
as imperfect (for example, Basu and Bell, 1991; Basu, 1998; Chaudhuri, 2003). This paper specifically incorporates such dualism in
capital (credit) market, thus capital mobility between the formal and informal sectors is triggered by the interest rate differential
between the two capital (credit) markets, departing from the existing relevant theoretical contributions in this context. In fact,
this is the best possible treatment of incorporating credit market dualism in the present set-up (given that the purpose of this
paper is not to determine the interest rate prevailing in the informal credit market), both from the perspectives of tractability
and reliability of the results. In order to avoid paradoxical circumstances, without any loss of generality, this paper models the
5 Formost of these lenders,moneylending is a side activity – a trader or amerchant utilises his access to formalfinancialmarkets in order to establishmarket power in
his network.

6 The dependency of the informal moneylenders on the formal channels stems from the idea of credit-product interlinkage between the vertically integrated formal
and informal establishments. The formal firms are dependent on the informal establishments for the utilisation of cheap labour in production, while the informal firms
are dependent upon the formal firms for supply of credit andmarketing of the product. These twomotives form the rationale for the subcontracting of the formal sector
production activities to the informal establishments, as evidenced in Papola (1981); Romatet (1983); Sethuraman (1984); Maldonado and Sethuraman (1992) in this
context.



Fig. 5. Annual Growth Rate in Relative (Informal-Formal) Capital Stock.
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informal intermediate input producing sector as having Leontief production technology (and thus fixed capital requirement in
production).

Section 2 discusses theoretical model and the comparative static responses. Finally, Section 3 concludes.

2. The model

Consider a static general equilibrium model for a small, open developing economy with four sectors: two urban formal sectors
and two urban informal sectors. Among the two informal sectors, one is an informal service sector (Sector 1) providing non-
traded services by the unskilled (surplus) labour of the economy. Another sector (Sector 2) is within the industrial set-up, pro-
ducing a non-traded intermediate input using unskilled labour and capital for the formal export sector. Within the formal seg-
ment, the export sector (Sector 3) uses skilled labour,7 capital, the domestically produced intermediate input and an imported
‘middle product’ (M, price PM⁎) a’ la Sanyal and Jones (1982) in its production process. M could be viewed as an array of foreign
technology-embedded inputs (e.g. computer data storage units, automatic data processing machines and so on, which cannot be
supplied by the local firms) for the skilled labour – intensive service sector, Sector 3.8 Hence, Sector 3 producers are using both
local and imported intermediate inputs. Skilled wages are fixed at a higher level by prior negotiations with labour unions. I do not
explicitly model wage-fixation given the focus of this paper, treating skilled wages as institutionally given.9 Sector 4 is the import-
competing sector of the economy using just skilled labour and capital in production. Countries such as India export primarily
skilled labour – intensive products, while they are the net importers of relatively more capital-intensive but less skilled labour
– intensive manufacturing products. Therefore, this paper assumes that Sector 4 is the relatively capital-intensive sector in the
economy. Production functions in Sectors 3 and 4 follow constant returns to scale (CRS) technology, whereas those in Sectors
1 and 2 are of fixed-coefficient type. Let us review the structure of the proposed general equilibrium model in Table 1.

Price-unit cost equality in competitive product markets entail the following four equations
7 Her
Thus ‘sk
total wa

8 It is
sumptio
produce
(1982),
inputs i
Tier to p
Tier (i.e

9 For
unionis
WaL1 ¼ P1 ð1Þ
e ‘skill’ doesnot imply only human capital. In fact, the labourers in the formal sectors are distinguished from the informal sectorworkers in terms of productivity.
illed labour’ refers to the combination of wage-earners, mangers, supervisors and clerical job-performers in the organised sector. ‘Skilled wage’ heremeans the
ges and salaries paid to ‘skilled labour’, which includes the payments to the managers and supervisors.
well-known that there is a range of productive activitieswherein productive resources and rawmaterials are transformed into final commodities ready for con-
n, so that the role of international trade is to convert products available in early stages of production into a different set of products more useful as inputs to
the final goods required by the consumers. That is, international trade takes place in the ‘middle’ of the production process. As illustrated in Sanyal and Jones
the ‘Input Tier’ combines local resources to produce a set of ‘middle products’, which then get traded for other middle products, which, in turn, will be used as
n the ‘Output Tier’ of the economy, producing the final consumer goods. Let us assume here for simplicity that there is only one production activity in the Input
roduce amiddle product E that gets exchanged in theworldmarket for themiddle productM, which is combined with skilled-labour and capital in the Output
. in import-competing formal industry sector 4) to produce the import-competing product commodity 4.
a similar treatment of unionised wage in the organised sector, see Mukherjee (2012, 2014). Chaudhuri (2003) has provided an explanation regarding how the
ed wages can be determined through the collective bargaining process.
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Fig. 6. Change in the incidence of poverty across Indian provinces between 2004–05 and 2011–12.
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Eq. (3.1) states that the labour-output ratio is a decreasing function of both the wage-rental ratio in Sector 1 as well as the
state of technology while the latter is another negative function of the ad valorem rate of tariff imposed on the imports of M. Tariff
reduction on the imports of capital goods implies greater access towards increased varieties of foreign-technology embedded
imported input (M), thereby lowers skilled labour – output ratio in Sector 3 (aS3). However, it does not disturb the capital-
output ratio in Sector 3 (aK3).

The following functional relationship between R and r is assumed
R ¼ ρr;ρN1 ð5Þ
Here ρ denotes the degree of imperfection of the informal credit market; ρN1 implies that RNr. This is because the informal
moneylenders generally borrow funds from the formal sector at the market rate of return r, re-lend it to the informal borrowers
and in this way maximise the net interest income.10 Therefore, it is realistic to assume that informal interest rate is positively re-
lated to and steeply higher than the formal interest rate. The lower the number of alternative sources of credit to the borrowers in
the informal sector, the higher is the degree of imperfection in the informal credit market. And thereby, the higher is the power of
the informal sector lenders to mark up interest rate in the informal credit market over the one in the formal capital market (i.e.
the greater the value of ρ).

Using Eq. (5), Eq. (2) can be written as
WaL2 þ ρraK2 ¼ P2 ð2:1Þ
Eqs. (1), (2.1), (3), (4) are the price-unit cost equality conditions for the informal service sector, intermediate input producing
sector, the export (formal) sector and the import-competing manufacturing sector, which is relatively capital intensive compared
to the vertically integrated export sector.
s r could also be interpreted as the opportunity cost of lending credit to the moneylender.



Table 1
The model characteristics.

No of
sectors

Sector definitions Factor markets Relative factor-intensity
ranking

Non-traded Traded Labour market Capital market

4 Sector 1 →

• Finished non-tradable
producing sector; ab-
sorbs surplus labour
among the migrants
coming to city; repre-
sents very low-skilled
activities such as domes-
tic help or small vendors
with little or no use of
capital.

• Leontief production
technology.

Sector 3 →

• Export sector, vertically
integrated with Sector 2,
use (relatively) skilled
labour and capital, along
with the ‘middle prod-
uct’ imported from the
ROW and the local in-
puts supplied by Sector
2.

• CRS production function.

‘Informal’ labour market in
Sectors 1 & 2→ Competitive
(unskilled) labour market
with flexible wages
(unskilled).

Imperfect capital (credit)
market in informal sectors
(Sectors 1 & 2) → Interest
rate is steeply higher from
the one prevails in the
formal competitive credit
market. Capital (credit)
allocated to the informal
sector is positively related
to the return differential
between the two (informal
& formal) credit markets.

Only applicable for the
traded formal sectors,
Sectors 3 & 4 – that is, the
sectors using two common
factors – Skilled labour &
capital – therefore, forming
the required
Heckscher-Ohlin ‘Nugget’.

• Sector 3 (export sector)
is relatively skilled-in-
tensive than Sector 4
(import-competing sec-
tor) (with respect to
capital).

• No factor-intensity
reversal.

Sector 2 →

• Non-agricultural inter-
mediate input producing
sector, using relatively
unskilled labour and
capital, providing inter-
mediate inputs ranging
from leather and rubber
products to electronic
equipment to the export
sector (Sector 3).

• Leontief production
technology.

Sector 4 →

• Import-competing sec-
tor; uses skilled labour
and capital.

• CRS production function.

‘Formal’ (skilled) labour
market in Sectors 3 & 4 →
Rigid (skilled) labour
market in formal sectors
(Sectors 3 & 4) with
institutionally given higher
(skilled) wage fixed by
prior negotiations
(however, the
wage-bargaining is not
explicitly modelled given
the focus of the model).

Perfect credit market in
formal sectors (Sectors 3 &
4) → Competitive credit
market with
market-determined
interest rate.

The following symbolisations are used:
W = competitive informal wage rate for unskilled labour (L);
WS
⁎ = Institutionally given skilled wage rate in formal segment of the economy;

R= rate of interest in the informal credit market;
r= rate of interest in the formal credit market;
aji = amount of the jth factor used to produce 1 unit of the ith good (j=L,S,K; i=1,2,3,4);
a23= per-unit requirement of the non-traded intermediate input in Sector 3;
aM3= per-unit requirement of the imported input in Sector 3;
A= state of technology in the production of good 3;
K ¼ given total stock of capital in the economy;
S= given stock of skilled labour in the economy;
K1= available capital in informal sector (endogenous, depends on formal-informal interest rate differential);
Pi= domestic prices of non-traded goods (i=1,2);
Pi⁎= internationally given prices of traded goods (i=3,M,4);
θji= cost-share of factor j in the production of good i;
λji= share of sector i in the total employment of factor j;
t= ad valorem rate of tariff imposed on the import of M;
T= ad valorem rate of tariff imposed on the import of X4;
∧ = proportional change.
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It is also assumed that the amount of credit allocated to the informal sector is a positive function of the return differential be-
tween the two capital markets. Therefore as long as ρN1, informal capital market exists and thus the dichotomy between the two
credit markets exists.
K1 ¼ K1 R−rð Þ ¼ K1 r ρ−1ð Þf g:So when R−rð Þ≥0;K 0
1 :ð Þ≥0: ð6Þ
Thus, full utilisation of informal credit implies
aK2X2 ¼ K1 r ρ−1ð Þf g ð7Þ
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Note that Eq. (7) is not an independent equation since it only states that part of the available credit is allocated to the informal
credit market.11

The two urban formal sectors use the formal credit. The equilibrium in the formal credit market ensures that
11 For
12 This
assump
used for
subcont
produce
tween t
13 The
aK3X3 þ aK4X4 ¼ K−K1 r ρ−1ð Þf g ð8Þ
The presence of foreign capital has been assumed away in the economy's capital endowment.
The full employment conditions of unskilled and skilled labour imply respectively
aL1X1 þ aL2X2 ¼ L ð9Þ
aS3X3 þ aS4X4 ¼ S ð10Þ
The demand-supply equality condition for the non-traded input gives
a23X3 ¼ X2 ð11Þ
I assume that per-unit requirements of the local intermediate input and imported inputs are constant in Sector 3 (Table 2).12

The general equilibrium system sketched above comprises nine independent equations, namely Eqs. (1), (2.1), (3), (4), (6),
(8)–(11) to solve for nine endogenous variables: W ,r ,P1 ,P2 ,K1 ,X1 ,X2 ,X3 and X4; given the parameters, namely the world prices
of commodities 3 and 4, WS

�, t, ρ, K; L and S. The four price variables can be solved in the following way. r is determined from
Eq. (4) given the unionised skilled wage and exogenous price of the importable. Given r, one can determine P2 from Eq. (3)
and given the policy-parameter ρ, substituting r and P2 in Eq. (2.1) one can obtain W. Finally from Eq. (1) P1 is found by substitut-
ing W. Once factor prices are known, factor-coefficients ajis are also known. Therefore, using the value of r and given ρ one can
find K1(.) from Eq. (6). Then simultaneously solving Eqs. (8) and (10) X3 and X4 are determined. After that, X2 is solved from
Eq. (11). Finally, substituting X2 in Eq. (9), X1 gets solved.

2.1. Comparative static exercises13

Let us now explore the implications of factor-specific technological progress in Sector 4, ceteris paribus, on the urban informal
workers. This can be summarised in the following proposition.

Proposition 1. Factor-specific technological progress in the relatively capital-intensive formal sector ceteris paribus, unambiguously
raises formal and informal interest rates but reduces wages in both informal sectors. However, as a result of either a capital-saving
or a capital-using technological progress in the capital-intensive import-competing formal sector, the intermediate input producing in-
formal sector may contract but the finished non-tradable producing informal sector may expand in terms of both output and
employment.

Remarks. If the relatively capital-intensive import-competing formal segment (Sector 4) undergoes capital-saving technological
progress, it will raise only the formal interest rate (given the fixed skilled wage and fixed price of the imported intermediate prod-
uct). As a result of this, the transformation schedule of the Heckscher-Ohlin (HO) ‘nugget’ shifts outward, with expansion of the
output of the capital-intensive Sector 4 and contraction of the output of relatively (skilled) labour-intensive Sector 3, along with
the reduced (skilled) wage-rental ratio at the new production point on the new transformation schedule, naturally with different
slope than the initial equilibrium point. Noticeably, such technological progress contributes to the cost-saving of the relatively
capital-intensive industry in the nugget (Sector 4) by changing the zero-profit condition in Eq. (4), like subsidising the industry,
and to the relative surplus of capital in the HO ‘nugget’ given the product-mix.

Therefore, the demand for non-traded intermediate input falls given the supply. This reduces the price of the intermediate
input (P2), whereas rental costs paid by the informal producers rise (since the formal interest rate goes up). As a result, from
the zero-profit condition of Sector 2 (the intermediate input producing sector), it is clear that competitive unskilled wage rate
should fall. At the same time, since intermediate input is used in a fixed proportion in the export sector production, which cannot
be supplemented by other factors of production in Sector 3, this implies that Sector 2 must shrink as well. Hence Sector 2 releases
unskilled labour to be absorbed in Sector 1, but at a lower competitive wage than before. Let us call it the ‘first round’ effect.
similar treatment see Chaudhuri (2003) and Chaudhuri and Mukhopadhyay (2010).
assumption rules out the possibility of substitution between the non-traded intermediary and other factors of production in Sector 3. This is the widely used
tion in the static general equilibrium literature (such as Gupta, 1994; Chaudhuri, 2003 andmanymore). This can be justified by the fact that one Brown Tube is
a TV set. In industries like shoe-making and garments, large formal sector firms farmout their production to the small informal sector firms under the systemof
racting. So the production is done in the informal sector firms while labelling, packaging and marketing are done by the formal sector firms. One pair of shoes
d in the informal sector does not change in quantity when it is marketed by the formal sector as a final commodity. Thus there remains a fixed proportion be-
he use of the intermediate input and the quantity of the final commodity produced and marketed by the formal sector.
detailed algebraic results are available in Appendix I.



Table 2
The general equilibrium system.

Variables Key equations describing the model Simplifying
assumptions

Endogenous Exogenous Policy-parameters Price subsystem
(price = unit cost)

Quantity (output) subsystem
(full employment/utilisation of factors)

W ,r ,P1 ,P2 ,K1 ,X1 ,X2 ,X3 ,X4

Note that, K1=K1(r(ρ−1)),
with K1 ′(.)N0

WS
� , K; L & S tN0,ρN1 Eqs. (1), (2.1), (3), (4) Eqs. (6), (8)–(11) a23 & aM4 are constant
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However as r rises, (R−r)=r(ρ−1) goes up as well. This depresses the supply of capital to the formal capital market, induc-
ing a Rybczynski effect in the nugget that tends to expand Sector 3 and Sector 2 given and let us term it as the ‘second round’
effect. However, as long as the proportion of capital reallocated to the informal sector falls short of the proportion of capital
used in Sector 4, the ‘first round’ effect dominates14 and both Sector 3 and Sector 2 may contract as a consequence. If that hap-
pens, then the finished non-tradable producing informal sector (Sector 1) would expand and the retrenched workers from Sector
2 would join Sector 1. However, such outcome would be welfare reducing from various points:

a) The downward pressure on wages of informal workers has a clear impact on aggravating poverty in the urban areas. This is
because a large share of the urban poor in developing countries (such as above 78% in India) work in the informal sector
and any reduction in the wages of the informal workers may significantly increase the incidence of poverty.

b) Sector 2 contracts in terms of both output and employment. Hence workers are forced to leave the unregulated manufacturing
firms and take up insecure non-traded service sector jobs with lower earnings and hence greater likelihood of poverty.

In case of a (skilled) labour–saving (i.e. capital-using) technological progress in the capital-intensive Sector 4; there is now a rel-
ative surplus of skilled labour in the HO ‘nugget’ given the product-mix, which helps the vertically integrated (skilled) labour-
intensive Sector 3. However, increase in the capital cost of production in Sector 3 (due to the increase in r) discourages Sector
3 producers to expand thereby lowering the demand for X2 and hence P2 and competitive unskilled wage (informal) fall unam-
biguously. But there will also be another channel of impact, namely the increase in formal-informal interest rate differential (due
to the increase in formal interest rate) that should also help the vertically integrated sectors (Sector 2 and Sector 3) to expand.
However, as long as the net credit availability in the HO nugget remains positive and r ̂ has a lower bound; Sector 3 may contract
in this case as well. (Q.E.D.)

As discussed in the introductory section, owing to the lowering of input tariffs during the liberalised regime in the skill-
intensive Indian service industries, greater access towards increased varieties of foreign-technology embedded imported input
(M) calls for capital-using (i.e. skilled labour–saving) technological progress in the skill-intensive Sector 3. Therefore, it would be suf-
ficient (given the focus of this paper) to trace out the implications of a capital-using technological progress (brought about by uniform
tariff reduction on imports of M) in Sector 3, ceteris paribus, on informal sector wage and employment conditions.

Proposition 2. A uniform tariff reduction on the imported input in the export sector, ceteris paribus, induces a capital-using technolog-
ical progress in that sector, resulting expansion in product prices and competitive real unskilled wage of the informal workers in the two
informal sectors. However, the unskilled workers now move to the local intermediate input producing informal sector since this sector
expands in terms of both output and employment at the cost of the finished non-tradable producing informal sector.

Remarks. Since the return to capital in the formal sector, r, is already determined from the zero-profit condition for Sector 4; a
capital-using technological progress in Sector 3, brought about by the uniform tariff reduction on the imports of capital goods as
inputs, acts like an increase in the price of commodity 3, or more accurately, like a set of industry subsidies. Therefore, there is
now a parallel outward shift of the transformation schedule of the HO ‘nugget’, with higher X3 and lower X4, for the same (skilled)
wage-rental ratio at the new production point on the new transformation schedule. Hence, the excess demand for the product of
Sector 2 (by Sector 3 producers) contributes to an increase in P2. However, aL1 and aj2s do not change (j=L ,K) (owing to the
fixed-coefficient production technology in Sectors 1 and 2). Therefore, Sector 2 expands unequivocally and unskilled labourers
are reallocated from Sector 1 to Sector 2. Thus, Sector 2 expands both in terms of output and employment at the cost of Sector
1. From the zero-profit condition of Sector 2, it is imminent that the real informal wage increases. (Q.E.D.)

It is also evident in this framework that if government would intervene aiming to reduce the degree of imperfection in informal
credit market and hence the informal rental return (by reducing ρ, ceteris paribus),15 that would tend to reduce the capital-cost of
14 The algebraic proof of this is laid in Appendix I.
15 Government intervention aiming to integrate the formal and informal credit institutions through appropriate linkages is themost feasibleway to achieve this. Since
credit is not directly accessible from formal sources, the focus should lie on the provision of microfinance and related services to informal sector enterprises, strength-
ening of the institutional framework in this area, creation of alternative sources of credit and developing alternative deliverymechanisms.Most of these interventions in
different countries have focused on alleviating credit constraints for the rural poor, but some have also targeted the urban poor. Among these, the following are widely
known: Grameen Bank in Bangladesh; Bank Rakyat Indonesia (BRI); and Prodem (the Fundación para la Promoción y Desarrollo de la Microempresa) in Bolivia. (See
Jackelen& Rhyne, 1991 for details). Apart from governmental initiatives, self-help groups can also have a considerable role in alleviating the problemof obtaining credit.
A self-employedwomen's association (SEWA) in Ahmedabad and theWorkingWomen's Forum (WWF) inMadras (both in India) have created their own banks along
the lines of cooperatives to cater to the credit needs of poorwomen; they followmechanisms similar to those described above and reachwell over half amillion people.
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production for intermediate input producers. However, this would also bring down the formal-informal interest rate differential to
some extent and prevent credit reallocation towards informal sector. Nonetheless, from the zero-profit condition for the intermediate
input producing sector, it is clear that this would contribute positively to the increase in informal wage.16

2.1.1. Capital-using technological progress in the formal sectors and informal wage response – a quantitative analysis
Let us now examine the implication of a capital-using technological progress at the rate αN0 in Sector 3 and at the rate γαN0

in Sector 4 on the informal wage, ceteris paribus.17 Subsequently, total differentiation of Eqs. (1), (2.1), (3)–(4), application of en-
velope conditions and use of Cramer's rule yield:
16 Ano
loan at
Chapter
X2

̂ , whi
in infor
discusse
17 It sh
(long-ru
working
W
̂
¼ α

θK4θL2

θS3θK4−γθK3θS4
θ23

� �
−γθK2θS4

� �
¼ α

θK4θL2θ23
θS3θK4−γθS4 θK3 þ θK2θ23ð Þ½ � ¼ α

θK4θL2θ23
θS3θK4−γθS4 ~θK3
h i

ð12Þ
Where ~θK3 ¼ θK3 þ θ23θK2 represents the share of capital costs in Sector 3 for both its direct and indirect use of capital. jθj ¼ ðθK4
θS3− ~θK3θS4ÞN0 if the vertically integrated Sector 3 is relatively less capital-intensive than Sector 4 in value-terms.

One can use Eq. (12) to quantify the relationship between productivity change in the formal sectors and changes in informal
wage. However, it is evident that Eq. (12) leads to a linear relationship between W ̂ & α. Let us assign the following parameter
values for the initial equilibrium according to the assumptions in the model in a close approximation to the actual data for
India (Table 3).

Now, we shall consider three alternative values for γ, namely 0.5, 1.0 and 2. In all the cases skilled labour in both the sectors
undergoes technological progress; but in the first case, productivity of the skilled labour in Sector 3 becomes double to the one in
Sector 4. Similarly, in the second case, productivity of the skilled labour in Sector 3 has increased at the same rate to the produc-
tivity improvement of the skilled labour in Sector 4. In the third case, productivity of the skilled labour in Sector 4 becomes double
to that in Sector 3 (Fig. 7).

In Eq. (12), the relationship between technological progress in the formal sectors and change in informal wage is governed by
the sign of the term in third bracket, viz., ðθS3θK4−γθS4 ~θK3Þ. With γ=1, this term becomes nothing else but the net relative
factor-intensity rankings of the two formal sectors in the nugget in value-terms, which is positive according to our assumption
of relative factor-intensity ranking in the nugget. Hence, both the formal sectors in the nugget use less labour (skilled) in per-
unit of production. This means, the relatively (skilled) labour-saving Sector 3 expands at the expense of Sector 4. Subsequently,
some of the capital flows to the informal sector and the real informal wage increases.

With γ=2, the productivity of skilled labour in Sector 4 becomes double to that in Sector 3, which hurts the relatively skilled
labour –intensive vertically integrated Sector 3. This is because the relative extent of cost reduction in the use of skilled labour is
now lesser in Sector 3 within the HO nugget. Although some capital will be reallocated towards the informal sector, the ‘first-
round effect’ (mentioned in relation to Proposition 1) dominates and subsequently, decline in real informal wage is observed
with the capital-saving technological progress.

However, when γ=0.5; the relatively (skilled) labour-intensive vertically integrated Sector 3 expands at the expense of Sector
4, capital reallocates towards the informal sector and we observe sharp increase in real informal wage.

The quantitative analyses in Section 2.1.1 would have been qualitatively similar in case of capital-saving technological progress
in the two formal sectors for γ=1, since in either of the two types of factor-biased technological progress, the (skilled) wage –
rental ratios are changing in the same direction, given that both X3 and X4 are produced in the initial and final equilibrium points.
However, with capital-saving progress, Sector 3 would expand now in the nugget for γ=2 and consequently informal wage in-
creases; while for γ=0.5, Sector 3 would contract and real informal wage declines.

3. Concluding remarks

This paper investigates the implications of productivity surge in the formal sectors of the economy on the wellbeing of the
workers in urban informal sectors using a four-sector general equilibrium model with labour and capital market distortions.
The present research stems from the observation that the 1991 economic reform in India has contributed to the technological im-
provement in the organised sectors which has been quite substantial over the recent years. Albeit the existence of strong produc-
tion inter-linkage between formal and informal sectors; the concurrency of productivity take-offs in the organised sectors and
sharp increase in informal wages in recent years still remains a puzzle since both capital and labour flow to the informal sectors.
Hence, in order to propose a plausible answer to this puzzle, this paper investigates the general equilibrium implications of trade-
ther possible relevant way of incorporating credit market dualism would be to consider the case where the borrowers in the informal sector get an additional
higher cost, i.e. the interest rate on informal credit is a positive function of the amount of capital borrowed, aK2X2 (see Chaudhuri and Mukhopadhyay, 2010
3 in this context). This would yield [dR(.)/d(aK2X2)]N0. It is straightforward to show in the present set-up that W ̂ ¼ −ðθK2=θL2ÞðaK2X2=RÞ½dRð:Þ=dðaK2X2Þ�
ch is negative (positive) if the intermediate input producing sector, Sector 2 expands (contracts). But that means changes in demand for unskilled workers
mal sectors would not have any role in driving the informal wage-movement, which is unrealistic and inconsistent given the empirical evidence on India
d at the beginning. Therefore, this paper does not consider this formulation of credit market imperfection in the informal sector in the present context.
ould be noted that the capital-using technical progress in Sector 3 is not endogenised in this numerical exercise for clarity. This is perfectly fine for this static
n) model, since endogenising the technical progress would only imply a positive change in the intercept (i.e. technology component) and does not change the
of the model and the results qualitatively.



Table 3
Parameters for the initial equilibrium.
Source: Abraham, 2010, Berman, Somanathan, & Tan, 2005,Marjit andKar, 2008a, b,Marjit, Kar, & Chaudhuri, 2011, Seker andRodriguez-Delgado (2011), ASI andNSSO
surveys: various rounds.

Parameters Description Values

θL2 Cost-share of labour in the intermediate-input producing sector 0.7
θK2 Cost-share of capital in the intermediate-input producing sector 0.3=(1−θL2)
θK3 Cost-share of capital in the export sector 0.4
θS3 Cost-share of skilled-labour in the export sector 0.5
θ23 Cost-share of intermediate input in the export sector, defined as the ratio of value-added by the subcontracting activity (defined

in Sub-section 1.1) to the value-added in organised sectors
0.1 (constant)

θS4 Cost-share of skilled labour (managerial and supervisory employees) in capital-intensive import-competing sector 0.3
θK4 Cost-share of capital in the import-competing sector 0.5
θM4 Cost-share of middle products in import-competing sector, approximated as average import intensity of the importing firms

during 2001-02 in India
0.2 (constant)
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induced technological progress in the formal non-agricultural sectors of the economy on the urban informal wages with segmen-
tation in factor markets.

In this simple general equilibrium model, the urban formal sectors wages are pegged at a higher level than competitive wages
by prior negotiations with labour unions; while dualism in the capital market is characterised by the fragmented interest rate
structure, featuring lower allocation of loanable capital to the informal sector at a higher relative rental rate. Informal sector pro-
ducers, however, use capital and labour in fixed proportions. The inter-linkage between the formal and informal credit markets
(that has been evidenced and demonstrated in different theoretical and empirical literature), has been ignored in earlier related
works (Kar & Marjit, 2009; Marjit & Kar, 2008a, 2009) in course of examining the impact of trade reform measures in the formal
sectors on the informal wages in such four-sector general equilibrium model in presence of finished non-tradable and non-traded
intermediate inputs.

In sum, the present research highlights the importance of credit-product inter-linkage between the urban formal and informal
non-agricultural industries in order to trace out the implications of trade-induced productivity surge in the formal sectors on the
wages and employment conditions of the economically marginalised urban workers working under informal arrangements.
Fig. 7. Capital-using technical progress in formal sectors (α) and growth in informal wage.
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The policy implications of the present analysis are straightforward to infer. It has already been discussed in the text that re-
form, induced by government intervention, in the informal sector credit market tends to prevent capital reallocation towards in-
formal sector in this framework. On the other hand, reform in the formal sector labour market would reduce the net returns to
the formal sector workers and thus, owing to the productivity improvement in the formal sectors, increase in the interest rate
prevailing in the formal sectors would be more pronounced in that scenario and therefore, formal-informal interest rate gap
would be more widened in this context, leading to a greater reallocation of capital from formal to the informal sectors.

Moving to the issue of empirical testability of the key relationships identified in the theoretical model, one needs to narrow
down attention to longitudinal sector (industry) specific data for formal and informal production activities. However, such empir-
ical analysis is presently beyond the scope of this paper, primarily due to the unavailability of suitable and adequate data for India,
although the available limited sample has been utilised to provide a set of stylised facts to motivate the theoretical analysis of this
paper. Moreover, it is another challenge to construct any direct measure of capital (credit) allocation between formal and informal
industries, using the secondary survey data on informal sector available from National Sample Surveys (NSS). These issues have
been laid for future research.

But this paper has undoubtedly been able to addresses the crucial policy-question, which is often the subject of intensive de-
bate: whether and under what economic conditions could the benefits of productivity improvement in the formal sectors would
trickle down to the marginalised workforce in the urban areas working in so-called ‘informal sectors’ (through the impact on their
real wages and employment conditions).
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Appendix I

Proof of Proposition 1

Let us assume Sector 4 undergoes capital-saving technological progress by αN0, ceteris paribus. Totally differentiating
Eqs. (1)–(4); applying ‘envelope conditions’18 and using Cramer's rule one can obtain
where

18 This
(2007)
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Ŵ
r̂
P̂1

P̂2

0
BB@

1
CCA ¼

0
0
0

αθK4

0
BB@

1
CCA ðA1:1Þ
Similarly, if instead of capital-saving technological progress, Sector 4 undergoes capital-using (i.e. skilled labour-saving) tech-
nological progress by αN0, ceteris paribus, then we would have
θL1 0 −1 0
θL2 θK2 0 −1
0 θK3 0 θ23
0 θK4 0 0

0
BB@

1
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P̂2

0
BB@

1
CCA ¼

0
0
0

αθS4

0
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CCA ðA1:2Þ
Therefore, if Sector 4 undergoes capital-saving technological progress by αN0, ceteris paribus, we get
r̂ ¼ αN0 ðA2Þ
P̂2 ¼ −αθK3=θ23b0 ðA3Þ

Ŵ ¼ − α θK3 þ θ23θK2ð Þ= θ23θL2ð Þ½ � ¼ − α fθK3=θ23θL2� �
b0 ðA4Þ

fθK3 ¼ ðθK3 þ θ23θK2Þ ¼ cost-share of direct and indirect capital usage by the vertically-integrated formal sector (Sector 3).
stems from the fact the competitive producers in each sector choose techniques of production in order to minimise unit costs of production. See Caves et al.
for details.
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Similarly, if Sector 4 undergoes capital-using (i.e. skilled labour–saving) technological progress by αN0, ceteris paribus,
where
r̂ ¼ αθS4=θK4ð ÞN0 ðA5Þ
P̂2 ¼ − αθK3θS4=θ23θK4ð Þb0 ðA6Þ

Ŵ ¼ − αθS4 fθK3=θ23θL2θK4� �
b0 ðA7Þ
Therefore, in either case, the endogenous price variables change in the same direction.
In case of capital-saving technological progress in Sector 4, ceteris paribus, by αN0, we have
daK4 ¼ −α;with αN0;while daK3 ¼ 0 ðA8Þ
Totally differentiating Eqs. (8) and (10), one can obtain
λS3
cX3 þ λS4

cX4 ¼ −Ar̂ ðA9Þ
λK3
cX3 þ λK4

cX4 ¼ αλK4 þ r̂ B−r ρ−1ð ÞK 0
1 :ð Þ=K� 	 ðA10Þ

A=(λS3SSK
3 +λS4SSK

4 )N0,B=(−λK3SKK3 −λK4SKK
4 )N0,Sj1j2

k is the degree of substitution between factors j1 and j2 in the kth
and Sj1j2

kN0 for j1≠ j2 and b0 for j1= j2. For example, SSK3 =(r/aS3)(∂aS3/∂r)N0,SKK3 =(r/aK3)(∂aK3/∂r)b0 and so on.
sector
Solving Eqs. (A9)–(A10) simultaneously by Cramer's rule for cX3 and cX4 yields
cX3 ¼ −r̂ λK4 Aþ λS4ð Þ þ λS4 B−r ρ−1ð ÞK 0
1 :ð Þ=K
 �� 	

= λj j ðA11Þ
cX4 ¼ r̂ λK3 Aþ λS4ð Þ þ λS3 B−r ρ−1ð ÞK 0
1 :ð Þ=K
 �� 	

= λj j ðA12Þ
Since, Sector 4 is relatively capital-intensive vis-à-vis the vertically integrated formal sector in physical and value-sense, |λ |=
(λS3λK4−λK3λS4)N0. Therefore, in case of a capital-saving technological progress, if and only if B≥frðρ−1ÞK 0

1ð:Þ=Kg, and we should
have cX3b0 and cX4N0.∎

Similarly, owing to the capital-using technological progress in Sector 4 by αN0, ceteris paribus, we have
caS4 ¼ −α;with αN0;whilecaS3 ¼ 0 ðA13Þ
And total differentiation of Eqs. (8) and (10) yields
λS3
cX3 þ λS4

cX4 ¼ αλS4−Ar̂ ðA14Þ
λK3
cX3 þ λK4

cX4 ¼ r̂ B−r ρ−1ð ÞK 0
1 :ð Þ=K� 	 ðA15Þ
Solving Eqs. (A14)–(A15) simultaneously by Cramer's rule for cX3 and cX4 yields
cX3 ¼ − λK4 Ar̂−αλS4ð Þ þ r̂λS4 B−r ρ−1ð ÞK 0
1 :ð Þ=K
 �� 	

= λj j ðA16Þ
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= λj j ðA17Þ
Hence, X̂3b0 and cX4N0 if and only if r̂≥ðαλS4=AÞ and B≥frðρ−1ÞK 0
1ð:Þ=Kg hold; with at least one having a strict inequality.∎

It is also straightforward from Eq. (11) that cX3 ¼ cX2 since λ23 ¼ a23X3
X2

¼ 1. Therefore, Sector 2 also contracts. Now totally differ-
entiating Eq. (9) and substituting cX2 ¼ cX3 from Eq. (A16); it is straightforward show that X̂1N0 when cX2b0. Hence, we have our
Proposition 1.∎
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Proof of Proposition 2

In Sector 3, the technological improvement takes place through the uniform reduction of the ad valorem rate of tariff (t) im-
posed on the imports of the array of intermediate inputs, M, from abroad, ceteris paribus.
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Solving Eq. (A18) by Cramer's rule we get
r̂ ¼ 0 ðA19Þ
cP2 ¼ Ω=θ23ð ÞN0 ðA20Þ

W
̂
¼ Ω=θ23θL2ð ÞN0 ðA21Þ
Thus, informal wage will unambiguously increase.
Since r and hence R are not changing given ρ, there is also no change in credit allocation among the two domestic credit mar-

kets. Therefore, we have
aS3
̂ ¼ aK3

̂ ¼ aS4
̂ ¼ aK4

̂ ¼ 0; and owing to fixed‐coefficient production technologies in Sectors 1 and 2; aL1
̂ ¼ aL2

̂ ¼ aK2
̂

¼ 0 ðA22Þ
Therefore, total differentiation of Eqs. (8) and (10) now yields respectively
λS3
cX3 þ λS4

cX4 ¼ −
tX3

S

∂aS3
∂A
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A0
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t
̂ ¼ ΦN0 ðA23Þ
λK3
cX3 þ λK4

cX4 ¼ 0 ðA24Þ
It is straightforward to obtain by solving Eqs. (A23) and (A24) simultaneously that X3
̂ ¼ fΦλK4=ðλS3λK4−λK3λS4ÞgN0and,cX4 ¼ −fΦλK3=ðλS3λK4−λK3λS4Þgb0.

Since, Sector 3 is more skilled-labour intensive with respect to capital in the HO-nugget.
Therefore, cX2 ¼ cX3N0 and cX1b0.
This is precisely what has been argued in Proposition 2.∎

Appendix II

Derivation of TFPG

First we have derived net value added (net VA) = gross value added – value addition by intermediate inputs – depreciation.
Then we deflated this variable using WPI for 2001–02 base year. The TFPG = growth rate of net VA – weighted growth rates of
capital and labour (when the weights are share of the factors in net value-added). So Divisia-Tornqvist (D-T) approximation has
been used for the calculation of TFPG. The TFPG under the D-T approximation is given by the following equation:
TFPG ¼ lnQt− lnQt−1ð Þ−1
2

sL;t−sL;t−1

� �
lnLt− lnLt−1ð Þ þ sK;t−sK;t−1

� �
lnKt− lnKt−1ð Þ

h i
ðA25Þ
Where Q = net VA, sL = share of labour in net VA; sK = share of capital in net VA. We consider the share of emoluments in
net value added as sL. Assuming CRS, sK=1−sL.
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Data description and construction of variables

The informal sector real wages have been constructed by deflating the nominal wages in the urban NDMEs using 2001–02
Consumer Price Indices (CPI). And the informal real fixed assets (proxy for capital accumulation in the informal sector) have
been formed by deflating the nominal figures using 2001–02 Wholesale Price Indices (WPI) for Machinery and Machine Products.

We have constructed the variable (termed as ‘Linkage’) capturing formal sector subcontracting activities as ‘total inputs’ minus
‘fuel consumed’ in the ASI survey data. Subsequently, this variable was deflated using 2001–02 WPI for Manufactured products.

All the price indices (CPI, WPI for Manufactured products and WPI for Machinery and Machine products) were available at the
national level, thus price differences between states were adjusted using the ratio of state to national GDP deflator.
Appendix III
Table A1
Descriptive statistics.Source: Authors' calculations from ASI and NSSO survey data (1989–2010).

Variable Observations Mean Standard deviation Minimum Maximum

Informal wage 1989 27 90.10185 37.58973 47.32 180.01
Fixed assets 1989 27 775.9122 441.5575 298.34 1937.68
Linkage 1989 27 15,927.22 21,047 1.93 92,680.77
Informal wage 1994 27 151.2089 35.65809 96.69 211.79
Fixed assets 1994 27 441.3022 559.9268 46.83 2874.97
Linkage 1994 27 21,081.6 28,079.55 16.17 120,840.9
Informal wage 2000 27 197.2741 37.49708 117.8 264.97
Fixed assets 2000 27 2617.223 2267.978 810.1 12,748.86
Linkage 2000 27 25,532.24 35,163.41 14.84 144,254.9
Informal wage 2005 27 194.5222 52.57534 94.78 321.53
Fixed assets 2005 27 2827.415 1623.554 1079.22 7698.67
Linkage 2005 27 43,442.49 60,077.58 25.11 236,271.8
Informal wage 2010 27 269.1952 75.94624 153.08 438.77
Fixed assets 2010 27 12,006.97 12,035 1593.86 56,504.33
Linkage 2010 27 66,629.96 97,603.66 79.41 372,947.4
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