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A frontier-general equilibrium analysis with skill transformation evaluates the productivities of skilled and
unskilled labor and potential of the Indian economy. We compare the wages of skilled and unskilled labor
between 1994 and 2002 with their respective productivities over this period. Education is considered to
be responsible for the skill formation over this period: the change in skilled labor supply is endogenous
in the model. Compared to its productivity, skilled labor is underpaid in the initial period and overpaid in
the second period. Unskilled labor is underpaid in both periods. A decomposition exercise shows that skilled
labor gains from free trade, and stands to lose due to education and domestic competition in the second period.
The annualized rate of return to education is between 7 and 10%. The economy operates below its potential
in both periods, particularly in the second—due to trade limitations and the failure to capture the return to
education. Service sectors are found to have potential to grow significantly.

© 2011 Elsevier B.V. All rights reserved.
1. Introduction

Do wage differentials follow productivity differentials and which
economic inefficiencies cause distortions? For long, Indian industries
were characterized by inefficiency, high costs and uneconomical means
of production with pervasive government control. With a view to im-
proving efficiency and global competitiveness, liberalization policy
and economic reforms were introduced at the outset of 1990s. Post
liberalization period is marked by much higher productivity growth
and increased contributions from the service sector and the skilled-
based manufacturing industries (Bosworth et al., 2007; Virmani,
2006), which have possibly increased the wage premium for higher
education. It is believed that India still needs a higher pace of reforms
towards competitive markets (Bajpai and Sachs, 1997; Fischer,
2002). The resulting competitive factor prices that reflect the factor
rg, The Netherlands. Tel.: +31

oo), tenRaa@UvT.nl

rights reserved.
productivities would determine the returns to education. Our study
compares the wages of skilled and unskilled labor between 1994
and 2002, over the decade of strong reform, with the respective pro-
ductivities and also measures the potential of the economy in these
two periods. We conduct a decomposition exercise in order to track
the factors responsible for the wage–productivity differentials and
observed–potential gap in the economy. Our observations of the
study can be indications for the performance of Indian economy in
the later periods.

Tinbergen (1975) argued that opposing effects of technology
(skilled labor demand) and education (skilled labor supply) deter-
mine the relative wage. Between 1987 and 1993, the returns to edu-
cation in India increased significantly for middle and secondary
levels, but not for primary and higher education (Bargain et al.,
2006). The returns to middle and secondary level education fell
over the next period 1993–2004, while the returns to higher educa-
tion (college) grew (Asian Development Bank, 2007). Prior to 1993
(the pre-liberalization period) lack of demand for basic education
could have been the reason for the high middle and secondary educa-
tion premiums. Pradhan and Subramanian (2000), based on the
MIMAP-India Survey (Pradhan and Roy, 2003) for 1994–95, argue
that demand for education was low due to dim expected future
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earnings. Incomplete markets for higher education depress returns to
higher education during this period.

Sectoral skilled–unskilled wage differentials in India depict no
clear pattern over time (see Table 1). The gap increased in ‘agricul-
ture’, ‘heavy industries’, ‘transports and storage’, and ‘wholesale and
retailed trade’, but decreased in the other sectors. From 1994 to
2002 the supply of skilled labor increased in all sectors relative to
unskilled except in ‘construction’. Supply and demand of ‘education’
increased over this period. The relative wage of skilled to unskilled
labor declined marginally from 2.95 in 1994 to 2.91 in 2002. We
compare the relative wage with the relative productivity. The rela-
tive productivity signals the potentials differential between skilled
and unskilled labor.

The productivity and efficiency aspects of growth have attracted
attention in the real business cycle (Kydland and Prescott, 1996 and
Prescott, 1986) and endogenous growth (Lucas, 1988 and Romer,
1986) literatures. Our model is a dynamic extension of ten Raa and
Mohnen's (2002), bringing in dynamic physical capital inefficiency
and education inefficiencies. Following Negishi (1960), the efficiency
frontier is determined subject to commodity, factor and trade con-
straints. The distance of the economy towards its frontier determines
inefficiency. We make the frontier approach dynamic by incorporat-
ing human and physical capital formation. Education process in our
model determines the returns to education, skill transformation and
productivity of skilled labor. A dynamic framework seems a natural
response to the inconclusive literature.

Trade liberalization increased the skilled–unskilled wage gap in
Latin America (Hanson and Harrison, 1999), but reduced it in East
Asia (Wood, 1994, 1999). Wage differentials between skilled and un-
skilled labor have been analyzed for both developed and developing
countries (Katz and Autor, 1999; Williamson, 1999; Wood, 1999). The
explanations include skilled-biased technological change, international
trade, and supply–demand factors (Berman et al., 1998; Katz and
Murphy, 1992; Kiley, 1999; Krusell et al., 1997; Learner, 1996;
Machin, 2002). In the Indian context, studies have shown that trade
openness has an exacerbating effect on the skilled–unskilled wage gap
(Beladi and Chakraborty, 2004; Dutta, 2004; Marjit and Acharyya,
2003; Pradhan, 2002), but no clear picture has emerged as regards the
effect of education on the skill premium during the period of liberaliza-
tion. Pradhan (2002), with the help of a general equilibriummodel, ob-
served that even large increases in the access to education preserve
the wage inequality, but an econometric study by Dutta (2005)
Table 1
Skilled–unskilled wages and labor supply, real output and final demand between 1994
and 2002.
Sources: Pradhan et al. (1999) and Pradhan et al. (2006).

Sectors Ratio of
skill to
unskilled
wages

Ratio of
skilled to
unskilled
labor

Ratio of 2002
to 1994

1994 2002 1994 2002 Real
output

Real final
demand

1. Agriculture and allied 1.30 1.58 0.19 0.39 1, 19 1, 12
2. Mining and quarrying 2.03 1.91 0.33 0.57 1, 52 3, 43
3. Light manufacturing 1.98 1.84 0.37 0.69 1, 67 2, 42
4. Heavy manufacturing 2.26 2.44 0.92 1.40 1, 94 1, 15
5. Construction 1.58 1.46 0.31 0.55 1, 79 2, 01
6. Electricity, gas and water 1.72 1.64 1.75 4.42 1, 46 1, 97
7. Transports, storage 1.69 1.84 0.81 1.40 1, 67 2, 40
8. Wholesale, ret. trade 1.78 1.83 0.81 1.31 1, 77 2, 07
9. Finance, insurance, real est 3.39 2.97 10.19 11.70 2, 60 2, 85
10. Services 3.70 2.92 1.17 2.18 2, 28 2, 19
11. Education 3.70 2.92 1.17 2.18 5, 65 5, 75
All sectors 2.95 2.91 0.38 0.64
found that despite the increase in the skill premium education
helped reduce the wage gap.

We will assess the contributions of various factors to the produc-
tivity–wage differentials. Productivity is determined at the frontier,
which is beyond actual output due to four reasons: static inefficiency
from domestic allocative inefficiency, i.e. domestic competition, static
trade inefficiency, dynamic inefficiency from human capital forma-
tion and dynamic inefficiency from physical capital formation. The
decomposition is based on an extended Fisher Index approach, to
ensure path independence (which is an issue due to the non-linearity
of our model). As the elasticity of substitution between skilled and
unskilled labor is expected to influence wage differentials, we sim-
ulate with different values for this parameter.

The rest of the paper is divided into four sections. The theoretical
model is presented in Section 2. Section 3 analyzes the basic data
set and calibrates. The model results are discussed in Section 4, while
Section 5 concludes.

2. The model

We determine the frontier of the economy by maximizing the
vector of total final demand excluding the investment demand and
net export (which will be endogenous) subject to commodity, factor
and trade deficit constraints. There are three types of factors, viz.
capital, skilled labor and unskilled labor. We consider a small open
economy, where producers of tradable products take the world
prices as given, with Leontief preferences. The endogenous pattern
of trade is constrained by the observed deficit on the balance of
payment. The model computes the economy's production frontier
and the competitive factor and commodity prices. The gap between
the frontier and the observed total final demands (observed total
economic activities) measures inefficiency. The economy is classified
into 11 economic activities including education sector (see Table 1).

Human and physical capital formations are modeled as forward-
looking processes without adjustment costs. The initial supply
of capital and education is fixed by past investments. Households
are modeled by means of a forward-looking intertemporal utility-
maximizing representative consumer. A commonly used additively
separable intertemporal preference function is assumed, where the
second period's utility is added with a discount factor, β (0≤β≤1).
The implicit discount rate is μ=(1−β)/β. We maximize the additive
intertemporal utility, D0+βD1, subject to constraints on demand,
resources, trade, capital formation and education process. HereDt is
the value of aggregate final demand at the optimum for period t.
This model is a finite horizon Ramsey model, where a fictitious plan-
ning authority splits production between consumption and capital
accumulation.

The expansion factor is defined as ct=Dt/D0
t , where D0

t is the ob-
served value of aggregate final demand. The inverse of the expansion
factor measures the efficiency of the economy in period t and the
residual1−1/ct the inefficiency.

In each period producers face a nested production function. A
Leontief production function of intermediate inputs and a factor-
input aggregate forms the first rung of the nested structure. The
aggregate is a Cobb–Douglas function of capital and a labor com-
posite, a CES function of skilled and unskilled labor. Capital is sec-
tor specific, in the Ricardo–Viner spirit, but skilled and unskilled
labor may move freely between sectors. We assume “downward
mobility” of skilled labor, the ability to join the unskilled pool if
unsuccessful in the skilled labor search.1 Here is the model:

Max D0 þ βD1 w:r:t:Dt
;Xt

i ; T
t
i ; I

0
;Kt

i ; L
t
si
; Ltui ;σ

0
;ΔS ≥ 0 t ¼ 0;1

s:t:
1 This ensures that the competitive skilled wage is at least as big as the unskilled.



2 ρi is substitution parameter between skilled and unskilled labor, which is defined
as (δ−1)/δ, where δ is the elasticity of substitution.

3 This is similar to a Poisson process where the distribution of intervals between
successive occurrences is exponential, implying a fixed rate of occurrence.
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0 ð5Þ

−∑
g
πt
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t
g ≤ Bt ð6Þ

ΔS ¼ ξ σ0
� �

; σ0 ¼ λ0X0
11 ð7Þ

Endogenous variables:

Dt Aggregate final demand excluding investment and net export
in period t

I0 Aggregate investment demand in the initial period
Xi
t Output of ith sector in period t

Ti
t Net exports of tradable sector in period t; i≠5, 6 and 10

ΔS Addition to stock of skilled labor in the end period over the
initial period

σ0 Stock of unskilled labor force going for education in the initial
period

Lui

t Demand for unskilled labor for period t respectively by ith
sector

Lsi
t Demand for skilled labor for period t respectively by ith

sector
Ki
t Demand for capital in period t respectively by ith sector

K1
i Stock of capital in the end period.

Exogenous variables:

β Inter-temporal time-discount factor, takes value between
0 and 1

aij
t Intermediate demand in period t

fi
t Share of total demand for ith sector in period t
I1 Aggregate investment demand in the end period
τit Share of total investment demand coming from ith sector in

period t
Bt Observed trade deficient for period t
πit Terms of trade in period t
λt Coefficients of unskilled labor joining education with respect

to educational output in initial period
ξ Coefficient of additional skilled labor stock in the end pe-

riod with respect to labor joining education in the initial
period

δi Sector-wise rate of increase in investment in the end period,
1, over the initial period 0

σ1 Stock of unskilled labor force going for education in the end
period

K0
i Stock of capital in the initial period

Nt Total population of labor force in period t
St Supply of skilled labor in period t
Ci
t Supply of capital stock in period t

θit Cobb–Douglas shift parameters for period t
ϕi
t Cobb–Douglas share parameters for composite labor for pe-

riod t
αi
t Share parameters of skilled and unskilled labor for period t

ρi Substitution parameters between skilled labor and unskilled
labor.2

The first constraint of each period is the commodity constraint, i.e.
the material balance for the tradable and non-tradable products,
while the second constraint represents the CES nested production
function. The next three constraints are for unskilled and skilled
labor, and capital, respectively. The skilled labor demand in the initial
period is constrained by an exogenously given skilled labor supply,
and in the second period by the number of initial period skilled
labor plus the additional skill supplies; see constraint (4). In (3) N1

is the given labor force in period 1. Part σ goes to school and the
residual determines the supply of unskilled labor. Unemployed
skilled labor may join the unskilled labor pool in both periods;
see the second right hand side term of the unskilled constraints
(3). Basically, competitive unskilled wages set the minimum wages
for the skilled labor in constraint (3), while the shadow prices from
constraints (4) are the competitive skill premiums; the competitive
skilled wage will thus be the competitive unskilled wage plus the
competitive skill premium. The capital demand constraints are (5).
Constraint (6) states that net exports valued at world prices cannot
exceed the existing trade deficit for each period. Shadow prices asso-
ciated with each constraint, i.e. commodity, production function, un-
skilled labor, skilled labor, capital and trade, Pit, Pvi

t, wu
t , PSi

t, rit and εt,
represent the competitive prices of output, value added, unskilled
wage, skill premium, rent to capital, and purchasing power parity for
both periods.

Capital in the second period, 2002, depends on the initial period
capital stock plus a fixed rate of increase in initial endogenous invest-
ment, δi; see constraint (5). Investment in the terminal period is ex-
ogenous. Constraint (7) captures the process of skill formation with
the help of education. Every year of the eight years between 1994
and 2002, a portion of the potential work force joins the school or
training. Education or training does not necessarily take one year to
transform the unskilled to skilled labor. However, every year there
is a net turnover of skilled labor. In the initial period (1994), number
of unskilled labor that goes for education is proportional to educa-
tional output, λ1. We assume that educational output grows at a fixed
rate between 1994 and 2002, hence also the number of unskilled labor
enrolled in education. Considering education sector's output as number
of educated students, net of enrolments and dropouts, the change in
the stock of skilled labor in the next sub-period is assumed to be propor-
tional to the number of labor joining education in the previous peri-
od, ξ.3 The shadow prices of constraint (7) determine the cost of
skill formation between 1994 and 2002 (χc), as well as the opportu-
nity cost of tending education (χe). In our fixed duration scenario,
education stops playing any role in transforming the labor into
skilled for periods afterward 2002. Hence we consider the amount
of workforce (σ2) going to education in the end period an exogenous
‘reserve army’ for the future.

The first order conditions of the model are reported in Appendix A.
The shadow prices of the skilled labor constraint (A6) give the static
and dynamic competitive premiums for 1994 and 2002 respectively:
Ps
0=ws

0−wu
0 and Ps

1=ws
1−wu

1. Conditions (A9) and (A8) show the
equivalence of the competitive skill premium in the second period
with the cost of skill transformation, which is the competitive un-
skilled wage forgone by tending education plus the cost of education:



5 Primary education is essential for good quality unskilledwork inmodernmanufactur-
ing and services, low levels of education in the labor force result in low quality of service
and mass consumer goods while secondary education ensured that labor was gradually
able to undertake the semi-skilled jobs that opened up as the economy moved to middle
income level (Virmani, 2006).

6 Morgan (2006) explains the reason for considering lending rate and WPI for the
estimation.

7 A study by Shanmugam (2006) on the rate of time preference in India estimated
that real discount rate ranges from 7.6 to 9.7%.
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Ps
1=χc,χcξ=wu

0+χe. The competitive consumer price of education
at the optimum consists not only the cost of producing it, but also
the unskilled wage forgone in the first period net of the competitive
skill premium the student expects (see Eqs. (A3), (A8) and (A9)):
P0
11 ¼ ∑j A

0
11;jP

0
11 þ P0

v11 þw0
u−P1

s ξ. The competitive skill premium
also measures the premium on skill productivity. Returns to educa-
tion are the benefit accrued to labor going for education to become
skilled instead of remaining as unskilled, i.e. the ratio of the compet-
itive premium to the competitive unskilled wage, Ps1/wu

1.
Conditions (A4) and (A5) show that the equilibrium rental price

for capital is equal to its marginal product for each industry, and it
also equilibrates the demand for capital with the stock. The price of
the initial period capital is the sum of initial period value of the
marginal product of capital and the second period price of capital
with long run growth rate. In the dynamic equilibrium, the price of
capital for each sector in the second period equals the price of invest-
ment in the initial period with a constant long run growth rate (see
Eq. (A10)): rit+1=Pi

t(τit/δi).
Eq. (A1) establishes price normalization condition for the general

equilibrium model and also implicitly establishes that equilibrium
prices and wages are discounted value of the future prices and earn-
ings: ∑i f

0
i P

0
i ¼ 1;∑i f

1
i P

1
i ¼ β. We decompose the efficiency of the

economy, i.e. performance of the economy relative to its potential,
and the productivity over the wage ratio into the contributions of
the following factors: (a) static allocative efficiency, (b) trade efficiency,
(c) dynamic efficiency fromphysical capital formation, and (d) dynamic
efficiency from human capital formation (education process). Due
to nonlinearities, the sequence of the decomposition may influence
the decomposition. Often in computable general equilibrium models
(CGE) there is an interest to split the total effect of a package of
shocks into individual or group effects. Harrison et al. (2000) pro-
pounded a method of decomposing the endogenous changes from a
general equilibrium simulation into sources attributable to each
of the exogenous shocks by using an arbitrarily accurate approxi-
mation to the linear path. Shorrocks (1999) proposed a decomposi-
tion method for sources and causes of poverty and inequality, based
on the Shapley value; the contribution of any given source of in-
come to overall change in indicator can be interpreted as the
expected marginal impact of the factor when such an expectation
is made over all possible sequences of elimination. The last two
methodologies decompose additively, absolute differences. Since
our outputs are analyzed in relative differences, e.g. productivity–
wage ratios and efficiency, we follow the modification of Ang et al.
(2004). They extend the Fisher index to an n-factor model by taking
the geometric average of all the combinations of the Laspeyres
and Paasche indices, which satisfies the factor reversal test as well
the perfect decomposition. Suppose the model is V= f(X1,…,Xn)
and the set N={1,2,3,4}. Aggregate value changes from V0, the
observed value to V*, the optimum. The multiplicative decomposi-
tion is represented by V*/V0=DTDEDIDF, where DT, DE, DI and DF

represent the decomposed individual effect of trade efficiency,
human capital formation, physical capital formation, and static
allocative efficiency. Let us define the function V(S)= f(Xl∈ S*,
Xm∈N/S
0 ). Individual factor's contribution can be represented by

Di ¼ ∏S⊂N;i∈S V Sð Þ=V S= if gð Þ½ � s−1ð Þ!ðn−sÞ!=n! where S are subsets of N
and s is the cardinality of S.4 If the individual effect is less than
one, then that factor is responsible for V0 to exceed V⁎ (a negative
impact), and if an individual effect is above one, then that factor
is responsible for V⁎ to be above V0 (a positive effect). In order
to place a weight on individual impact we use a simple method.
We take the log on both sides of the equation and normalize the
4 The mathematical description is close to Ang et al. (2004). Appendix B gives
detailed formulae for all the components.
impacts, in absolute term, to 100, expressing the weight of individual
impact in percentage.
3. Data and calibration

The data on inter-industry flows, final demand, investment, net-
exports, output and value-added of capital and labor for the years
1994 and 2002 are based on the social accounting matrices (SAM)
from Pradhan et al. (1999) and Pradhan et al. (2006). The economy
is classified into 11 major production sectors, including education.
The original SAMs do not categorize labor by type of education. The
unskilled labor is defined as labor having primary education or less,
while the skilled ones are above the primary level of education.5

To calculate industry average wage rates and employment we used
the National Sample Survey Organisation (NSSO) 50th employment
survey for the year July 1993–June 1994, their 55th for the year
1999–2000 and the 58th for 2002. For the labor force we take the
number of persons engaged for a longer time in work related eco-
nomic activities (principal and subsidiary status). The working age
of the labor force is cut off at age 14, following the Government of
India. We admit that we overlook child labor. On the basis of the
above-mentioned NSS data the total labor force is split into working
population, attending school and seeking for job (unemployed).

The values of industry output, net exports, intermediate demand,
final consumption, and investment demands net of indirect taxes are
computed in real terms for 1994 and 2002 by using GDP price deflators
calculated from information provided in the National Accounts Sta-
tistics (Government of India, 2004, 2006). The terms of trade reflect
the value of Indian tradable commodities in the world market. We
use the Global Trade Analysis Project (GTAP) database, which pro-
vides fairly detailed value of imports by industry at the levels of
India and the world to get the terms of trade for the years 1995 and
2001; see www.gtap.agecon.purdue.edu/databases. Choosing a dis-
count rate, for β, is a difficult issue, particularly for a developing
country. We take the annualized real interest rate, using lending
rates and wholesale price indices (WPI) to capture the real interest
rate.6 The real interest rate is lowest in 1994 (2.40) due to high infla-
tion and highest in 1996 (10.14). It is stable until 2002. We use the
geometric average of the real interest rates over the period between
1994 and 2002 for our time discount rate, 8.6%.7 Applying this an-
nualized rate over the years from 1994 till 2002, discount factor β
becomes around 0.5.

To get parameter values for the CES production function, we cali-
brate as in applied general equilibrium modeling.8 The elasticity of
substitution parameters plays a crucial role in calibration exercises;
usually these are acquired through estimation or with some estimates
(prior knowledge or outside information). We vary the elasticity
parameters between a low value of 0.5 and a high value of 2.5, across
the industries, and assume that these parameters do not change over
time.9
8 For details on calibration, see Shoven and Whalley (1984), Howitt (1995), Sims
(1996), Hansen and Heckman (1996), Kydland and Prescott (1996) and Dawkins
et al. (2001).

9 The low elasticity of substitution between skilled and unskilled labor is a plausible
assumption for a country like India. Jung and Thorbecke (2003) have taken similar
number for some African countries.

http://www.gtap.agecon.purdue.edu/databases


Table 2
Efficiency, wages and productivities in 1994 and 2002.

Elasticity of
substitutions
between
skilled and
unskilled:
0.5*

Elasticity of
substitutions
between
skilled and
unskilled:
2.5*

1994 2002 1994 2002

Efficiency 0.88 0.49 0.90 0.47
Productivity ratio 6.93 1.76 3.50 2.19
Productivity ratio/observed wage ratio 2.35 0.60 1.19 0.75
Skilled productivity/observed skilled wage 2.42 0.79 2.12 0.84
Unskilled productivity/observed unskilled wage 1.03 1.30 1.79 1.12

* Returns to education, Ps1/wu
1=ws

1/wu
1−1, are 0.76 and 1.19 respectively for the low

and high elasticity of substitutions respectively. Considering 8 periods of gap, the
annualized returns turn out to be around 7.3% and 10% respectively.

Table 3
Sector-wise ratio of optimal to observed output.

Elasticity of
substitution
between skilled
and unskilled: 0.5

Elasticity of
substitution
between skilled
and unskilled: 2.5

1994 2002 1994 2002

1. Agriculture and allied 0.45 0.14 0.37 0.17
2. Mining and quarrying 1.11 1.02 1.06 1.02
3. Light manufacturing 0.15 0.75 0.13 0.89
4. Heavy manufacturing 0.38 0.99 0.37 1.14
5. Construction 1.63 1.12 1.99 1.13
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The nested production function can be split into Cobb–Douglas
function of capital and composite labor, and a CES labor composite
of skilled and unskilled labor:

Xb
i ¼ θi Kb

i

� � 1−ϕið Þ
Lbi
� �ϕi i ¼ 1; ::::;11 ð8Þ

Lbi ¼ αi Lbsi

� �ρi þ 1−αið Þ Lbui

� �ρi
h i 1

ρi i ¼ 1; ::::; 11: ð9Þ

The profit maximizing behavior of the producer in a Cobb–Douglas
production function yields the share parameters ϕ. Given the infor-
mation on the sector-wise output, capital, total labor, skilled and un-
skilled labor, at the observed period, we calibrate parameters θ, and α
for both the beginning and end years.

4. Results

We run two scenarios, with the elasticity of substitution between
skilled and unskilled labor low or high. In case of a lower elasticity of
substitution, the analysis shows that the Indian economy operated at
88 and 49% of its potential in the respective years of 1994 and 2002
(see Table 2). In case of a higher elasticity of substitution, the econo-
my operated at 90 and 47% in 1994 and 2002, respectively. It is worth
mentioning here that in our model 1994 is considered to be static ef-
ficiency and 2002 dynamic. Possibility of education and investment
process creates substantial potential for the economy in 2002. Intro-
duction of perfectly competitive market would push the economy to
its potential by doubling the economic activities in the long run.

The competitive wages of skilled and unskilled labor determine
their respective productivities. The competitive skill premium accounts
for the cost of education including the wage forgone, all evaluated at
competitive prices. We define the returns to education as the ratio of
the competitive skill premium to the competitive unskilled wage, i.e.
the premiumover unskilled productivity. The annualized rate of returns
to education between 1994 and 2002 are found to be 7.3 and 10% for the
lower and the higher elasticity of substitutions respectively.10 We
report the wage (and productivity) differentials as skilled/unskilled
wages (and productivities). Table 2 shows that skilled productivity
is significantly higher than the unskilled and this differential de-
clines in the end period. With a lower elasticity of substitution, the
productivity differential remains as high as 6.93 in 1994 and drops
significantly to 1.76 in 2002; it declines significantly in 1994 with
the increase in the elasticity of substitution. Productivity differential
remains above the wage differential in the initial period and below
it in the end period irrespective in both the scenarios. We have
already noticed from Table 1 that wage ratio between skilled and
unskilled labor has already started declining, from 2.95 in 1994
to 2001 in 2002. Government of India (2010a)'s report on Employment
and Unemployment Situation in India has indicated even a lower
wage ratio in 2005–2006, 2.54.

Table 2 shows that in 1994 the skilled labor productivity is more
than double the observed wage but it is below the wage in 2002. A
higher elasticity of substitution between skilled and unskilled labor
reduces the productivity–wage differential. The unskilled wage is
below its productivity in either period. We notice that in case of
lower elasticity of substitution between skilled and unskilled labor,
unskilled labor is paid only marginally less than its productivity in
the initial period and much lower than productivity in the second
period. However, in case of higher elasticity of substitution, the un-
skilled wage lies substantially lower than its productivity in the initial
10 Asian Development Bank (2007) reported returns to education for 2004 based on
Mincerian equation, which are 6.3 and 12.3 (middle level education) for mid-carrier
and senior workers respectively.
period; this wage still lies below the productivity in second period,
but not as much below as initial period. Under the lower elasticity of
substitution scenario, the unskilled productivity lies much above the
wage in the end period as compared to the initial and in case of higher
elasticity of substitution, it is just the opposite. On the other hand,
skilled productivity declines relative to wage in the end period in both
scenarios.

Table 3 shows the that service sector in general, in which ‘other
services’, ‘wholesale, retail trade’, ‘finance, insurance, real estate’ and
‘education’ in particular havemore potential for growth,while potential
levels of ‘agriculture’, ‘light manufacturing’, ‘heavy manufacturing’
(particularly in the first period, 1994), and ‘transport and storage’
sectors lie below their observed outputs. ‘Other service’ sector has the
highest potential to grow, almost over seven times of the observed in
the end period, 2002. It is worth mentioning here that information
technology services, outsourcing and business services have been
major contributors to the performance of the ‘other services’ these
days.

A cursory look at the changes in the composition of sector-wise
gross domestic products (GDP) and their growth rates from 2003
till 2009 clearly displays the growing importance of service sectors
in the economy (see Table 4). The ‘agriculture’ sector has recently
shown increasing growth rates; however, its share in GDP has
been continuously declining. Share of ‘manufacturing’ sector in
total GDP has also shown declining trend with almost stagnant growth
rates. Government of India (2010b) rightly observes that the technolog-
ical breakthrough in agriculture achieved in 1960s is gradually waning
and there is need for a second green revolution. The Survey also claims
that lack of capacity utilization in core sectors and infrastructure
6. Electricity, gas and water 0.71 1.47 0.71 1.57
7. Transports, storage 0.71 0.54 0.74 0.61
8. Wholesale, retail trade 1.00 1.76 1.02 1.95
9. Finance, insurance, real est. 1.02 1.40 1.06 1.49
10. Other services 3.96 7.00 4.29 7.06
11. Education 2.58 2.03 2.60 2.14



Table 4
Sector-wise composition and growth rates of observed GDP at factor cost from 2002 to
2009.
Source: Government of India (2011).

2002 2003 2004 2005 2006 2007 2008 2009

Percentage shares

Agriculture 22.52 22.83 19.03 18.82 18.29 18.26 17.59 17.76
Mining 2.75 2.51 2.86 2.79 2.70 2.72 2.62 2.52
Manufacturing 15.60 15.59 15.25 15.39 16.06 15.99 15.45 14.76
Electricity,
gas, water

2.21 2.15 2.11 2.04 1.93 1.83 1.59 1.51

Construction 6.20 6.18 7.70 7.93 8.16 8.49 8.55 8.18
Wholesale,
retail trade

14.75 14.94 16.06 16.70 17.07 17.09 16.93 16.31

Transports, storage 7.69 8.02 8.43 8.25 8.17 8.00 7.84 7.78
Finance, insurance,
real estate

13.75 13.50 14.71 14.55 14.84 15.09 16.08 16.75

Other services 14.52 14.27 13.84 13.55 12.78 12.52 13.34 14.44

Growth rates
Agriculture 13.28 −1.71 12.79 13.36 15.70 11.05 17.26
Mining 2.00 34.20 11.10 13.05 16.88 11.09 11.27
Manufacturing 11.68 15.35 15.10 21.69 15.42 11.40 10.90
Electricity,
gas, water

8.48 15.82 10.26 10.20 10.08 0.40 10.11

Construction 11.51 46.86 17.38 20.03 20.62 16.07 11.14
Wholesale,
retail trade

13.20 26.77 18.62 19.15 16.03 14.28 11.84

Transports, storage 16.52 23.92 11.63 15.46 13.59 12.96 15.18
Finance, insurance,
real estate

9.68 28.54 12.79 18.96 17.88 22.81 20.96

Other services 9.85 14.40 11.62 10.01 13.59 22.84 25.62

Table 5
Multiplicative decomposition of efficiency and productivity–wage ratios.

Efficiency Productivity of
skilled labor/
skilled wage

Productivity of
unskilled labor/
unskilled wages

1994 2002 1994 2002 1994 2002

Low elasticity of substitution
Trade efficiency 0.83

(59.34)
0.61
(63.34)

3.11
(78.48)

1.65
(40.31)

0.63
(48.59)

0.82
(15.94)

Human capital 1.03
(9.41)

0.84
(22.34)

1.03
(2.04)

0.67
(32.24)

1.17
(16.51)

2.13
(60.75)

Physical capital 0.97
(9.70)

0.93
(9.30)

0.98
(1.40)

0.9
(8.48)

1.04
(4.12)

0.87
(11.19)

Static allocative
efficiency

1.07
(21.55)

1.04
(5.03)

0.77
(18.08)

0.79
(18.97)

1.34
(30.78)

0.86
(12.12)

Total 0.89 0.49 2.42 0.79 1.03 1.30

High elasticity of substitution
Trade efficiency 0.82

(67.12)
0.57
(62.62)

2.58
(79.76)

1.61
(42.58)

1.27
(41.32)

1.23
(28.05)

Human capital 1.03
(10.00)

0.85
(18.10)

1.02
(1.67)

0.74
(26.92)

1.15
(24.16)

1.25
(30.23)

Physical capital 1.00
(0.00)

0.90
(11.74)

0.99
(0.85)

0.90
(9.42)

1.11
(18.04)

0.98
(2.74)

Static allocative
efficiency

1.07
(22.88)

1.07
(7.54)

0.81
(17.73)

0.79
(21.08)

1.1
(16.48)

0.75
(38.98)

Total 0.90 0.47 2.12 0.84 1.79 1.12

Note: figure in parenthesis indicates the absolute weight of the individual impact in
percentage.
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bottlenecks are responsible for the slow growth in manufacturing
sectors. The challenges India faces to retain the already acclaimed
competitiveness in the IT services and India is yet to tap its full
potential in international market for its trade services, education,
financial services and other business services.

Trade efficiency, human capital formation, physical capital forma-
tion, and static allocative efficiency are the four factors contributing
to the performance of the economy and to the productivities of skilled
and unskilled labor relative to their wages. We make decompositions
for both the initial and the final period. In case of efficiency, factor
that causes performance of the economy less than its potential indi-
cates a decomposition value less than one (negative impact). It is other
way around if the value is more than one. In case of productivity–wage
ratio, if the factor causes productivity to be higher than the wage,
decomposition value will be higher than one; it is the opposite if
the value is less than one. The value in the bracket suggests the im-
portance of a factor relative to the other in terms of percentage.

Main reasons for the Indian economy to perform under its potential
are declining efficiency from free trade (see Table 5). It is the static
allocative efficiency, which has contributed to the performance of
the economy. However, the contribution of allocative efficiency is
not strong enough to bring the economy to its potential. Lack of
human capital formation is also responsible for decreasing the per-
formance of the economy in the end period.

Table 5 clearly shows that trade efficiency is the main source
of skilled productivity in both periods, 1994 and 2002. However,
the contribution of free trade to the skilled productivity declines
drastically in 2002. The principal cause of skilled productivity to
be lower than the wage is due to lower human capital formation.
Failure to capture the higher rate of returns to education has created
a large number of undereducated labor force in 2002. Shortage of
skilled labor in 2002 prompts excessive skilled wage relative to its
productivity.

Contrary to skilled productivity, unskilled productivity is sensitive
to the degree of elasticity of substitution assumed between skilled
and unskilled labor. In case of lower elasticity of substitution, free
trade is responsible in lowering the productivity of unskilled labor
relative to its wage. Static allocative efficiency contributes signifi-
cantly to the unskilled productivity in 1994. On other hand, human
capital formation is the sole factor that has caused unskilled produc-
tivity to bemuch higher than thewage in 2002. In case of higher elas-
ticity of substitution, free trade and the human capital formation
contribute significantly to the increase in unskilled productivity above
its wage.

5. Conclusion

Given earlier, the 1994 Indian economy operated at 90% of its
potential. The performance in 2002 dropped to 50%, taking into
account the missed investment and education opportunities. Service
sectors including education have significant potential to achieve higher
growth.

Both openness and education would push the productivity differ-
ential more than the observed wage differential in the first period and
would reduce it in the end period. The intensity of the pressure would
be greater under the low elasticity of substitution between skilled and
unskilled labor. The data shows that the observed wage inequalities
(skilled–unskilled wage ratio) for the two periods are 2.95 and 2.91.
However, productivity inequalities (skilled–unskilled competitive
wage ratio) are 6.93 and 1.76 in 1994 and 2002 respectively for the
lower elasticity of substitution between skilled and unskilled labor,
and 3.50 and 2.19 for the higher elasticity of substitution.

Compared to its productivity, skilled labor is significantly under-
paid in the initial period and overpaid in the end period. However
unskilled labor is underpaid in both periods compared to its produc-
tivity. This indicates the existence of still large pool of undereducated
Indians. The pattern of change in productivity relative to the wage
for unskilled labor is sensitive to degree of elasticity of substitution.
Human capital formation through education process is an important
component for productivity–wage disparity. The optimum returns to
education are 7.3% and 10% for a lower and higher degree elasticity of
substitutions respectively.

We conduct a decomposition exercise to capture the importance
of various factors that influence the efficiency of the economy and
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the productivity–wage differential. Skilled labor benefits from free
trade, but stands to lose from education and domestic competition.
On the other hand, unskilled labor gains from domestic competi-
tion and human capital formation. However, wage–productivity
differential for unskilled labor is sensitive to degree of elasticity
of substitution. Unskilled labor loses from free trade under a lower
elasticity of substitution, while gains in the case higher elasticity of
substitution.

The static allocative efficiency, i.e. the domestic competition is
the only factor that contributes to the efficiency gain of the Indian
economy. However, the main reasons for India to under-perform are
its deviation from free trade potential, followed by failure to capture
returns to education (human capital formation) and investment poten-
tial (physical capital formation) in the end period. We have already
observed that there exists a higher potential returns to education.
Failure to capture it has led to shortage of skilled labor and excessive
wage inequality in the economy.
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