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Abstract The study investigates how market imperfec-

tions distort the impact of trade reform on productivity

growth. As the trade expands it influences both product and

factor prices and if the distortions arise due to these market

imperfections are not eliminated, the usual estimate of total

factor productivity growth, using the growth accounting

method, would be misleading. Theoretically, it shows that

the usual estimate tends to be overestimated in the export

competing sector and underestimated in the import com-

peting sector. A modified approach of Olley–Pakes and

Levinsohn–Petrin methods involving three-digits industries

over the fifteen major Indian states during the period

1998–2005 has been used to deal with the simultaneity

issue of factor choice and market distortions for the better

estimate. A positive and significant impact of openness on

the productivity growth has been observed only when the

market imperfections are eliminated. Moreover, the mod-

ified productivity growth, after controlling market imper-

fections, has turned out to be lower than that of the usual

estimate in India.

Keywords Trade reform � Solow residual � TFPG �
Union bargaining � Mark-up

JEL Classification D24 � F16 � L11

1 Introduction

Most of the countries in the world, irrespective of their

developmental stages, have pursued more liberalized pol-

icies during the last couple of decades and, since then,

academicians and policy makers have been pursuing

research to understand the implications of such reforms on

their respective growth and development. Total factor

productivity growth (TFPG),1 which represents a level of

technological shift of production frontier in an economy, is

considered to be the best proxy to account for the impact of

such policy changes. The previous experiences show that

an economy may register a low level of productivity

growth even when the economy growth of the country is

accelerating.2 It seems to be suggesting that the growth of

an economy is not necessarily driven by a shift of the

technological level. India has witnessed a gradual removal

of trade and industrial restrictions during the last two

decades for the sake of deriving substantial gain in the

efficiency, productivity, competitiveness, and diversifica-

tion of Indian industries through various channels under

more liberalized settings from closer contact with the for-

eign markets. The reforms have lifted up the growth rate

from a lower level (i.e., known as the ‘Hindu’ Rate) to a

level nearer to two digits, particularly on the industrial

front (Rodrik and Subramanian 2004). Then, the immediate

question is—what is the true level of productivity growth
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1 It essentially means the residual growth that is not explained by the

growth of inputs used in production, and the growth depends on the

level of technological improvement, efficient and intense use of

resource in the economic activities.
2 For example, Young (1992) found a low level of TFPG in

Singapore, using a growth accounting exercise, when the per capita

income of the economy rose from third world levels to those of

industrialized levels during 1970s and 1980s.
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of Indian economy during the post-reforms period and did

the trade reforms significantly contribute to the produc-

tivity growth? Intuitively, it is assumed that the trade

reform raises productivity growth and the higher produc-

tivity growth plays an instrumental role in achieving a

higher growth rate during this period. But, the empirical

studies did not find a unanimous answer so far. This may be

because of various traditional methods and techniques used

in their estimations. A number of studies find that the

productivity growth of the industrial sector has improved

during the post-reform period initiated in the late 1980s and

early 1990s. In contrast, there are other studies which do

not find an encouraging figure of the growth during the

same period. These contrasting results have motivated us to

investigate the estimation procedure by looking into more

disaggregated information and using better methodology.

The most popular way of TFPG estimation, like the

Solow residual, rarely pays attention to the market condi-

tions of the concerned sectors, and, hence, a bias is

expected to be observed in the estimated figures. Trade

reforms promote competitiveness both in the national and

international markets as well as produce spillover effects

within a liberalized environment of an economy and

thereby it may lead to a rise in residual growth driven by a

technological change in the industrial sector. But, such

reforms could change the residual growth by artificially

influencing the market price without changing a true level

of technology and this issue is grossly ignored in the lit-

erature. If so, the estimated figure of TFPG after reforms

cannot be unbiased. For example, the foreign competition

usually reduces the product market price of an import

competing sector and, thus, the residual growth is expected

to be declining in the sector. Such change in product

market conditions would likely to transmit further to the

labor market, leading to a change in the bargaining position

of workers. Such logical link and explanation are available

in Rodrik (1997) and Blanchard and Giavazzi (2003).

These factors would influence the rate of residual growth

on opposite directions and the net effect would ultimately

depend on the relative strength of these two forces. If a loss

from the drop of mark-up in the product market exceeds a

gain from wage rent due to a reduction of bargaining power

in the labor market, the residual growth of a production

unit would decline without making any change on the

technological front. The effect of competition on produc-

tivity growth, therefore, will be underestimated and the

impact of trade reform would be misleading. This issue

pins down to a problem of eliminating market distortions

from the productivity estimation. To the best of my

knowledge, two existing works have dealt with the market

imperfections empirically till to date and have shown the

implication of trade reforms on productivity growth in the

Indian context (Krishna and Mitra 1998; Balakrishnan et al.

2006). According to the later one, in particular, the trade

reforms made a significant reversal of competitiveness in

the industrial sector, resulting in an improvement of pro-

ductivity growth in Indian industries. But, they have failed

to account for the labor market imperfections and its

implication on the residual growth in response to the

increased foreign competition. This is more important to

study when the Indian labor market in the organized sector

is known to be highly protected and unionized. Second, the

trade reform might enhance competitiveness in the import

competing sector, but not necessarily in the export com-

peting sector. Therefore, the reform on the residue of these

two sectors might work exactly on opposite directions.

Unless these distortionary effects are controlled neither the

estimate of productivity growth would be true nor the

effect of trade reform on it would be correct. The present

work attempts to address these two issues, theoretically and

empirically, based on the contemporary Indian experi-

ences. An attempt here is made to estimate an unbiased

productivity growth by eliminating the market distortions

from residual change and to study whether the trade reform

significantly raises the productivity growth.

Theoretically, a single domestic firm is assumed, for

simplicity, to produce a commodity using unionized

workers. If both producer and worker have economic

power over their respective payoffs, the firm pushes up the

mark-up in response to an export sector reform and,

thereby, raises the demand for labor. This increased

demand offers a scope to the union to raise their wage rent.

These two factors would work on opposite directions on

the residual growth. As the expansion of exports impacts

the labor market indirectly, through the product market

changes, the benefit of workers from wage rent tends to be

lower than that of the producer. If so, the usual TFPG

would be overestimated. On the other hand, in response to

the withdrawal of trade restrictions, if a foreign firm enters

into the domestic market and competes with the domestic

firm using a simple Cournot game in the product market, it

reduces the producer’s gain, followed by a drop of wage

rent due to a decline in the market share of domestic firm.

If the producer cannot shift the entire burden of product

market competition to the labor market, the residue would

surely decline and the usual productivity growth would be

underestimated.

This paper empirically estimates a modified TFPG after

controlling market imperfections. In a recent work, Abra-

ham et al. (2009) developed a methodology to decompose

the cost-price margin of Belgium firms into mark-up and

wage rent. But, the paper provides neither a modified

estimate of productivity growth nor sound reasons for

distortions due to trade reforms therein. Although the

simultaneity issue in the productivity estimation with the

input choices has appeared to be an important concern in
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the contemporary literature, the above-mentioned paper has

only dealt with this traditionally by using an investment

proxy. However, this has been criticized by several

scholars in the recent period (e.g., Levinsohn and Petrin

2003) on the ground that the investment figure is always

underreported by firms and is practically zero for a sizeable

number of firms in a sample of any country. Levinsohn and

Petrin (2003) instead used the intermediate input as a

substitute of the investment proxy for the same. With a bit

of modification of both the methods, this paper has esti-

mated the corrected TFPG using disaggregated industry

data, at the three-digits level, over the fifteen major Indian

states for the period 1998–2005. We observe that the trade

openness does significantly influence market conditions

and, therefore, the conventional estimates have been found

biased. Moreover, the modified TFPG is found to be much

lower than the usual estimates. We find an insignificant

impact of trade openness on the usual productivity growth

when market distortions are not eliminated. Controlling

these market distortions, we observe that the trade open-

ness has influenced the productivity growth positively and

significantly. The rest of the paper is organized as follows:

in Sect. 2, a brief account of literature on the productivity

growth in Indian context is presented and the Sect. 3

develops a theoretical framework. Empirical methods and

results have been reported and discussed respectively in

Sects. 4 and 5. Section 6 ends up with concluding remarks.

2 Literature

According to the Classical view, the gains from trade lay

on the allocation of resources in which the country has

comparative advantages. It, therefore, accepts that the trade

can improve efficiency in resource use, leading to a gain in

productivity growth. Some trade theories often criticize

that such gain does not exist in the long-run on a contin-

uous basis, because trade reform usually appears as one

time policy shock in an economy. However, Grossman and

Helpman (1990) show how trade reforms can continuously

expedite innovation and technical diffusion and, thereby,

promote the long-run growth on a sustainable basis.

Competition is considered to be the prime source of the

innovation (Aghion et al. 2005). Following this line of

argument, a number of researches reveal that the reforms

benefit productivity growth through various channels of

spill-over effect, technology transfer and factor movement.

But, the competition does not necessarily confine into the

import sector. An exportable firm also faces competition in

the international market which essentially helps innovation

and product differentiation, leading to a productivity gain

in the sector (Pla-Barber and Alegre 2007). Ultimately, this

has become an empirical issue as to see now how the

relationship between trade and productivity growth would

work under a specific situation of any country. It is interest-

ing to note that a positive relationship has not been always

observed in the existing empirical works (Bhagawati 1988;

Nishimizu and Page 1990; Tybout 1992).

Empirically, the productivity growth estimated by using

various methods (both parametric and non-parametric) in

the Indian context has not shown a uniform pattern. A

number of studies find that the productivity growth is

surged in the industrial sector after 1980s in India

(Ahluwalia 1991; Unel 2003; RBI 2004). In particular, Unel

(2003) argues that the productivity has grown at a higher

rate in the post-reforms period than that in 1980s. Ray

(2002) also finds similar pattern by using a non-parametric

linear programming technique. This study applies Data

Envelope Analysis (DEA) to construct the Malmquist pro-

ductivity index. Kumar (2006) and Balakrishnan et al.

(2006) further support this evidence later on. The

improvement in allocative efficiency as well as technical

change, in response to the competitiveness, is the respon-

sible factor for the productivity growth from pre-reforms to

the post-reforms period. Milner et al. (2007) uses a range of

methods to see the effect of economic liberalization at the

two-digit industry level and also finds an increase in TFPG

on an average in all the major industries. According to these

literature, a rise of competitiveness is directly and indirectly

found to be the most influential factor behind the produc-

tivity rise. Recently, Madsen et al. (2009) estimate that

TFPG rate increases annually from 1960–1990 to

1991–2005 in India by 1.1 percentage points. Li and Trei-

chel (2012) rather find a moderate improvement of TFPG in

India during the last three decades from an approximate

level of 1 % in 1980 to 1.5 % in 2008.

On the other hand, there are some studies which do not

find an encouraging figure of TFPG in the post-reforms

period. The productivity growth of Indian industries

reported in the studies undertaken by Goldar (2004) and

Goldar and Kumari (2003) registers a drop in the post-

reform period compared to the pre-reform period and this

has been observed during the period when the economy has

maintained consistently a higher growth rate, particularly

in the industrial sector which has never happened in Indian

economic history. The suboptimal uses of capacity and

decreasing returns to technology have been considered

some responsible factors behind this phenomenon in these

literature.

Productivity growth has played an instrumental role in

the development process of many developing countries

including India and China during their take-off periods. In

a recent study, Nin-Pratt et al. (2010) compare agricultural

TFP growth and its components, using non-parametric

techniques, between China and India. The study shows that

the agricultural TFP growth started accelerating in China
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after 1979 and while in India after 1974. But, the Chinese

sector clearly outperforms India’s performance in the later

period. The principle reason is that the agriculture in China

has been benefited from more fundamental institutional and

policy reforms in agriculture than that of India. Manufac-

turing growth has also helped to absorb labor and left a

lower employment burden for agriculture, creating incen-

tives for capital investment and technical change, which

kept output per workers in agriculture growing at high rate.

The above-mentioned studies have not paid any atten-

tion to the market imperfection. In recent years, however,

there has been growing interest to see the influence of

market distortions on the TFPG (Hall 1988; Domowitz

et al. 1988; Harrison 1994; Konings et al. 2001, 2005;

Dobbelaere 2004) and they point out that the productivity

growth, using the methodology invented by Solow (1957),

has been found biased due to the product market imper-

fections. In the Indian context, Balakrishnan et al. (2006)

have accounted for such influence of product market

competition in the productivity calculation for the indus-

trial sector. The study is of the opinion that there has been

an improvement in the productivity growth in response to a

rise in competition after trade reforms. But, they consider

only a partial story of market imperfections and ignore

simultaneity issues in the estimation.

3 Theoretical framework

Protection assigns a cost to produce and the reform would

essentially relax such cost, leading to a different set of

costs and benefits for the agents engaged in the production

process. Thereby, it could change the residual growth of a

production unit by influencing the market conditions

without making any notable technological change. The

growth accounting method (i.e., known as Solow Residual

or SR) accounts for the unexplained part of output growth

that is not contributed by the factors of production. The use

of simple factor share multiplied by a change in the factor

has been the tradition to deduct the explained part from the

output growth, ignoring the market conditions. We shall

now theoretically investigate how the trade reform impacts

on the residual growth, separately in the export and import

competing sectors, due to change in the market conditions

which is not linked to any technological change.

3.1 Export sector reform

Let us assume a simple possible situation where a single

domestic firm produces an output Q for an export market at

the price P = (a - Q). One unit of labor produces

aQ units of output (i.e., L = aQ) in the firm where a is the

labor-output ratio. Moreover, a subsidy (i.e., s) is received

by the firm for each unit of exports. The firm produces with

the use of domestic workers who usually form a union for

better wage. In the labor market, the wage is determined by

the Nash bargaining solution between the union and the

firm. If the wage paid to each laborer is w and no other

costs are observed, the equilibrium output and price are

solved by using a two-stage game. The wage is determined

in the first stage and output is solved by the firm in the next

stage. It can be solved by using backward induction

method.

The reform in the export sectors means a removal of

export barriers (both tariff and non-tariff) and this leads to

a rise in the export demand (i.e., rise of a). Moreover, the

current discussion of WTO has been recommending a

reduction of direct and indirect subsidy on exports (i.e.,

drop of s per unit of output). While the former relates to a

shift in demand, the later relates to a shift in supply. Given

these assumptions, we can write the profit function of the

exporting firm as follows:

pmaxQ ¼ ða� Qþ s� waÞQ ð1Þ

Maximizing Q, we find that:

Q ¼ ðaþ s� waÞ
2

and L ¼ aðaþ s� waÞ
2

ð2Þ

If the wage bill represents the utility function of trade

union given their bargaining power b, the Nash bargaining

function can be written as X = (wL)b(p)1-b. Substituting

the values of Q and L and talking derivatives with respect

to w, we get:

wE ¼ bðaþ sÞ
2a

ð3Þ

The expression suggests that the union wage rises

directly with the bargaining power. Moreover, it is also

directly related to parameters of the export sector reform.

While an export expansion would raise the union wage, a

drop in export subsidy would reduce it.

Now, substituting (3) into (2), we find:

QE ¼ ð2� bÞðaþ sÞ
4

and LE ¼ að2� bÞðaþ sÞ
4

ð4Þ

In equilibrium, the output and employment are inversely

related to the bargaining power. It is also interesting to note

that both of them are directly related to either a or s. Then,

the price of the final good in the market will be:

PE ¼ 2ða� sÞ þ bðaþ sÞ
4

ð5Þ

The final price is inflated by the bargaining power of the

union. More importantly, the price is directly related to a

and s. In other words, an export expansion increases

production and also raises the price of product. On the

other hand, a drop of export subsidy works on the price
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exactly in the opposite direction. Substituting these results,

the SR can be represented as follows:

SRE ¼ 2ða� sÞ � bðaþ sÞ
2ða� sÞ þ bðaþ sÞ

Dð2� bÞðaþ sÞ
ð2� bÞðaþ sÞ ð6Þ

Now, we can write the following proposition:

Proposition 1: (a) If s = 0, then oSRE

oa [ 0 and (b) for a

given a, if s[ 0, then oSRE

os
�
\ 0 iff 2�b

2þb

� �
�
\

s
a :

Proof: From (6), we get:

SRE ¼ 2ða� sÞ � bðaþ sÞ
2ða� sÞ þ bðaþ sÞ

ðDaþ DsÞ
ðaþ sÞ ð7Þ

(a) If s = 0, we find that oSRE

oa ¼
ð2�bÞ
ð2þbÞa. As b\ 2, then

oSRE

oa [ 0.

Due to a reduction of export barriers, the overall export

demand for the products rises. This pushes up the product

price and mark-up. On the other hand, the increased

demand for the product must raise the demand for labor.

Thus, it essentially pushes up the union wage and, thereby,

reduces the residue of firm. The net effect of these two

forces on the residual growth would appear to be positive,

because the export sector reform affects the product market

at first and then it transmits to the labor market. As the

bargaining power of workers is a fraction, they cannot

derive the entire benefits generated from the export growth

and, therefore, the wage benefit cannot exceed the producer

benefit. Hence, the export growth after reform in the sector

leads to an overestimation of the productivity growth, even

if no technological change has taken place.

(b) For a given level of a, if s[ 0, we find that
oSRE

os ¼
ð2�bÞa�ð2þbÞs
2ða�sÞþbðaþsÞ

1
ðaþsÞ, where oSRE

os
�
\ 0 iff s

a
�
[
ð2�bÞ
ð2þbÞ

If the subsidy received by the domestic firm declines per

unit of exports, the marginal cost curve will be shifted

upward, resulting in a rise of market price and, thereby, a

drop of production. The reduction in production leads to a

drop in the labor demand as well. This results in a wage

decline. The price rise and wage fall together would raise the

residue for each unit of production, but the drop of exports

volume would hurt the producer because of a production

decline. The net effect of subsidy cut, therefore, is ambig-

uous. However, if the share of subsidy relative to the overall

demand is substantially small (i.e., lower than a critical

value), the SR would decline in response to a subsidy cut.

3.2 Import sector reform

Gradual withdrawal of tariffs and other barriers on

importable goods can be considered a major form of import

sector reforms. The implication of this reform would work

on the residual growth of a domestic firm in a different

way. We assume that a single domestic firm produces an

import competing good and faces union in the labor mar-

ket. One foreign firm potentially can enter into the

domestic market after tariff cuts and plays a Cournot

competition with the domestic firm in the product market.

The foreign firm produces abroad but sells in the domestic

market by paying t per unit of imports as a tariff. For

simplicity, we do not consider any other costs. Therefore, if

the domestic firm produces q1, the foreign firm imports q2

and the demand function is P = (a - q1 - q2), the profit

functions for domestic and foreign firms, respectively, can

then be written as

p1 ¼ ða� q1 � q2 � waÞq1 and

p2 ¼ ða� q1 � q2 � tÞq2
ð8Þ

Solving both outputs, we get:

q1 ¼
ðaþ t � 2waÞ

3
; L ¼ aðaþ t � 2waÞ

3
and

q2 ¼
ða� 2t þ waÞ

3

ð9Þ

Here, the domestic firm alone creates a demand for

workers in the economy and the wage would be solved by

using Nash bargaining solution between the domestic firm

and the union. Substituting the volume of employment and

output, both the union utility and profit of firm can be

derived easily. Then, the equilibrium wage would be:

wM ¼ ðaþ tÞb
4a

ð10Þ

It implies that the union wage declines with a fall in

tariff rate. Again substituting the equilibrium wage in (9),

we find:

qM
1 ¼
ð2� bÞðaþ tÞ

6
; qM

2 ¼
ð4þ bÞa� ð8� bÞt

12
and

LM ¼ að2� bÞðaþ tÞ
6

ð11Þ

The expressions (11) suggest that both output and

employment at the domestic firm decline with the import

tariff cuts and, hence, the import volume rises. It is to be

noted that t* = (4 ? b)a/(8 - b) is the prohibitive tariff

rate. If t [ t*, the imports will be totally prohibited and the

domestic firm would behave like a monopoly. If t \ t*,

then the firm faces competition from the foreign firm.

Substituting (11) into the demand function, the product

market price can be written as follows:

PM ¼ ð4þ bÞðaþ tÞ
12

ð12Þ

Here, the tariff cut increases competition in the domestic

market and, thereby, depresses the product price.
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Substituting all these figures, the residual growth can be

written as:

SRM ¼ 2

ð4þ bÞ
Dð2� bÞðaþ tÞ
ðaþ tÞ ð13Þ

We can now write the following proposition.

Proposition 3: If t \ t*, then oSRM

ot [ 0.

Proof: When t \ t*, the foreign firm imports and SR

changes can be represented as follows:

oSRM

ot
¼ 2

ð4þ bÞ
ð2� bÞ
ðaþ tÞ [ 0 ð14Þ

If t \ t*, the foreign firm enters into the domestic

economy to sell the product and competes with the

domestic firm. In the face of Cournot competition, the

domestic firm is forced to reduce its market share. But,

the total sale of the product would definitely rise by

depressing the product price. On the other hand, a lower

market share of the domestic firm leads to a decline in

labor demand and resultant union wage. These two

forces—lower product price and lower wage—together

determine the residual growth of domestic firm, and the net

effect of tariff cut appears to be negative on the residue.

Similar to the previous explanation, as the producer cannot

shift the entire burden of increased competition to the labor

market, the producer’s loss will be higher than that of

workers. Therefore, the import competing sector seems to

have a lower SR than a true technological growth.

4 Empirical framework

4.1 Estimation framework

The above theoretical conjectures are planned for investi-

gation by using disaggregated level of information from

Indian economy. A standard benchmark model with two

production factors, labor and capital, is widely used in the

literature. Let us consider a production function where

value added Qijt of firm i over j th region and year t is

produced using two inputs, namely labor L and capital K:

Qijt ¼ AijtFðLijt;KijtÞ ð15Þ

If the production function is homogeneous of degree 1 ? k
for all input factors, the returns to scale would be 1 ? k. It

would then exhibit, respectively, decreasing (k\ 0), constant

(k = 0), or increasing (k[ 0) returns to scale. By taking a

total differential of (15) and log values, we get:

ðqijt � kijtÞ � eL;ijtðlit � kijtÞ ¼ kijtkijt þ aijt ð16Þ

The left-hand expression in (16) represents the growth of

output per unit of capital minus the product of labor

elasticity and growth of labor per unit of capital. This

essentially captures the residual growth which is the sum of

capital growth explaining returns to scale (kijtkijt) and

unexplained random term (aijt). This unexplained term can

be used as a proxy for the total factor productivity growth.

Two practical problems for the estimation of a true TFPG

from this equation arise here. First, the estimation of factor

elasticity (i.e., labor) under imperfect market conditions is

really difficult. In practice, the factor share is widely used as

proxy of factor elasticity. Now, the question is: can we use

the factor share, irrespective of market conditions in the

product and labor markets, for the productivity estimation?

Second, how to deal with a possibility of high correlation

between random term and capital choice in the right-hand

side of the equation that creates a simultaneity issue to find

an unbiased estimate of productivity growth?

If one replaces labor elasticity by its relative share to the total

value addition, two types of market distortions can be seen to

appear in the estimated residual growth due to product and labor

market imperfection. In the presence of product market

imperfection, if l = P/MC or mark-up levied on the top of

marginal cost of production and sL is the cost share of labor, the

labor elasticity can be represented by the product of mark-up

and labor share, i.e., eL = lsL. Second, in the presence of both

product and labor imperfections if the labor union wants to

maximize either employment or wage with a bargaining power

h, the Nash bargaining solution would then provide a different

relationship between labor share and elasticity that would

essentially include bargaining term as follows: eL = lsL ?

l(sL - 1)h/(1 - h). The first term of the left-hand side cap-

tures the product market imperfection (influenced by the mark-

up) and the second term captures labor market imperfection

(influenced by the bargaining power). While the first term raises

the labor elasticity for a rise in market power, the second term

deteriorates the same for a rise in union power. Combining

these two terms with some manipulation, we find the following

regression equation for its estimation (see ‘‘Appendix’’).

SRijt ¼ bijtLERijt þ
k

lijt

kijt þ
hijt

1� hijt
BARijt þ ð1� bijtÞaijt

ð17Þ

where, SRijt ¼ ðqit � kitÞ � sL;ijtðlijt � kijtÞ; LERijt ¼ ðqit �
kitÞ and bijt ¼ ðpijt �MCijtÞ=Pijt ¼ 1� ð1=lijtÞ is the Lern-

er index. Since l and b are directly related, SR rises with

LER, if b is positive. BARijt ¼ ðaL;ijt � 1Þðlijt � kijtÞ indi-

cating a negative value and it rises with either wage share

or employment. Therefore, if l[ 0 then SRijt rises with

LERijt and if h[ 0, then SRijt declines with BARijt The

expression (17) is our basic equation to be used for further

analysis and allows us to estimate mark-up and wage rent

simultaneously, without using information on marginal

cost, market price and the alternative wage.
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4.2 Method of estimation

In principle, both pooled and fixed effect panel regressions

can be applied for the estimation of regression parameters

in (17), but they are often criticised on the endogenety

ground. A firm usually observes a part of TFPG before the

selection of investment and factor of production. This

raises a problem of simultaneity in the estimation. Thus, a

simple regression result using Ordinary Least Square

method would be misleading. At first, Olley and Pakes

(1996, hereafter OP) raised this issue and offered an

alternative estimation method (applied in Abraham et al.

2009). Then, Levinsohn and Petrin (2003, hereafter LP)

revised this further. The OP method used firm level

investment as a proxy for productivity shocks. However, it

has a potential drawback in the cases where firms report

zero investment. Due to the invertibility condition, this

proxy is valid only for non-zero investment. Pronounced

adjustment costs force most firms in developing countries

like India, Turkey, Columbia, Mexico, and Indonesia to

report zero investment. Therefore, it reduces number of

observations substantially in the regression. The LP

method suggests, thereafter, an application of intermediate

inputs as a proxy for productivity shocks. Firms generally

do not report zero level of intermediate input usage.

In this study, we apply both methodologies for robust-

ness checking with a bit of modification. As per the

requirement of OP method, a dummy variable (i.e., exit)

has been created here which takes value one for those

whose profits are positive, and otherwise it is zero. More-

over, gross fixed capital formation has been used as a proxy

for productivity change when the OP method is used. On

the other hand, both material and fuel costs are used as

proxies for the same when the LP method has been run.

The estimation procedure of both approaches involves

three steps to deal with the simultaneity problem and

market distortions. We want to estimate average figure of

regression parameters. At first, the disturbance term of a

standard revenue function is broken into two parts—

observed and unobserved term.

SRijt ¼ bLERijt þ ckijt þ gBARijt þ wijt þ uijt ð18Þ

where, c ¼ k
l and g ¼ h

1�h
xijt is the observed part and uijt is the random distur-

bance term. The expectation of future realisation of pro-

ductivity growth (i.e., observed term) increases in its

contemporaneous values of stock (log-capital) and proxy

variables (material costs and fuels in LP and gross capital

formation in OP, denoted as mijt). In other words, an

unknown function for optimal decision of mijt can be

written as mijt = mt(wijt,kijt). Inverting this function, we

can write further as wijt = ht(mijt,kijt) and therefore, /ijt ¼
kkijt þ htðmijt; kijtÞ where the third order polynomials in m

and k including constant term would represent a proxi-

mate form of this unknown function. Denoting the esti-

mated variables as ~/ijt and substituting this into (18), we

find

SRijt ¼ bLERijt þ gBARijt þ ~/ijt þ uijt ð19Þ

Note that this equation is slightly different from the one

used in OP and LP methods. At the first stage, this equation

will be estimated and after that in order to go into the

second stage, we define another variable as Vijt ¼ SRijt�
b̂LERijt � ĝBARijt. Alternatively, this equation can be

written as follows:

Vijt ¼ ckijt þ gð~/ijt�1 � ckijt�1Þijt þ mijt þ uijt ð20Þ

Again, g appears to be an unknown function and is

approximated to third order polynomials of the variables

for the estimation of this equation. This is a bit more

cumbersome than the first-stage and the estimated mijt

provides our modified figures of TFPG. Since the inference

is based on non-linear technique of estimation, we use

bootstrapping by 250 times.

Third step undertakes a regression of a set of explana-

tory variables (Xijt) on the estimated residue from the

previous stage for the determinants of productivity growth.

The regression equation is written as follows:

mijt ¼ aþ bXijt þ ji þ uj þ eijt ð21Þ

where, j, u and e are respectively industry specific error,

regional specific error and normal disturbance. The above-

mentioned two-stage regression will be run for simple

productivity growth estimation and all three-stage will be

applied for the determinants of productivity growth.

4.3 Data description

We have gathered information on two digit industries for

fifteen major states and for 7 years from 1998 to 2005. This

information has been collected mainly from the Annual

Survey of Industries, Government of India. The database

includes capital stocks, investments, factor uses, outputs,

value added and types of workers, and such information is

available for major 15 states of India. It is noteworthy to

mention that a major change of industrial classification

took place in 1998 and hence, a perfect matching of NIC

classifications (1998) at the three digits level with the

previous classifications has been really difficult. Alto-

gether, total observarions in the study are approximately

4536. Thus, our industrial statistics vary over time, and

across region and industry.

Moreover, industry-wise trade data has been drawn from

the World Bank Trade Data-base (World Bank 2006). This

provides exports and imports figure at the ISIC 3 digit level
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of classification, and this is matched with the 3 digit NIC

classification of the Annual Survey of Industries. Thus, our

import and export variables vary across industries and over

time (but not across states). Import and export figures are

first multiplied by the exchange rate and then deflated by

WPI for converting into real figures.

4.4 Results and discussions

We begin our discussion on empirical analysis by pre-

senting a set of summary statistics. The industrial sector in

India has performed well during 1998–2005 (Table 1). The

industry-wise average value addition, capital stocks, and

employment have been observed to be on the rise during

this period. It is noteworthy to mention that the use of

contract workers has increased at a substantially higher rate

during this period.

4.5 Mark-up, bargaining power and TFPG

In order to estimate the mark-up and bargaining term of

union at the industry level, the required variables like SR,

LER, BAR and k have been constructed. Then, the model

described in (20) has been run by using OP and LP

methods separately and the results have been reported in

Table 2. The estimated coefficients of these variables

would provide the values of mark-up, bargaining power,

and return to scale in Indian industries on an average

combining all industries during 1998–2005. In both

regressions, the coefficient of LER has been positive and

statistically significant. From this estimated value, we

derive the average value of mark-up (l) over all industries

and states, and they are 2.128 and 3.205, respectively, in

OP and LP regressions. Hence, we can safely infer that the

product market price in Indian organized industrial sector

tends to be 2–3 times higher than their marginal cost of

production, on an average. The coefficient of BAR has been

negative and statistically significant in both regressions

(see Table 2). From the estimated values, we derive the

bargaining power of union and it registers almost 0.50 in

both regressions. Therefore, we can conclude that the

workers in the Indian organized industrial sector, on an

average, combining all industries during 1998–2005, are

almost equally powerful as the employer.

The estimated coefficient of k (i.e., log of capital) has

been positive and statistically significant in both regres-

sions, and from the coefficient one can easily derive the

average value of return to scale in the Indian manufacturing

Sector (i.e., k). The returns to scale are 1.725 and 2.26, on

an average, covering all industries and over all regions,

respectively, in OP and LP regressions. This result clearly

suggests that Indian firms in the organized sector exhibits

an increasing return to scale during 1998–2005.

4.6 Trade, mark-up, and bargaining power

Now, we shall explore whether trade significantly influ-

ences the mark-up and wage rent of union in Indian

industries. Building on our theoretical exercises, two

interaction terms of LER variable and BAR variables,

respectively, with log value of exports and imports have

been added to the model. The interaction term of LER with

exports would essentially account for a change of mark-up

with the growth of exports. If the esitmated coefficient is

positive, the growth of exports must have added to the

mark-up. Similarly, the interaction term of BAR with log

value of exports captures its impact on wage rent of the

union. If the esitmated coefficient is negative, the growth of

exports must have added to the union wage. The similar

explanation is also applicable for imports as well. Two sets

of regressions have been run for robustness checking—one

with the interaction terms and another with control vari-

ables along with these interaction terms. The regressions

Table 1 Summary Statistics

Heads 1998 2005

Mean SD Mean SD

Output (Rs.) 5,717 1,260.6 8,426 1,776.7

GVA (Rs.) 1,445 387.8 1,844 415.0

Fixed capital (Rs.) 3,397 1,054.3 3,196 793.9

Workers (nos.) 8,078.0 2,1741.3 8,169.9 2,0524.5

Contract workers (nos.) 1,253.2 3,746.2 2,188.9 9,736.2

Figures in millions

Table 2 Mark-up and bargaining power in Indian manufacturing

during 1998–2005

Variables OP LP

LER 0.535*** 0.688***

BAR -0.991*** -0.993***

k 0.811*** 0.705***

Number of obs. 4246 4472

Wald-statistic – 70.58

Estimation Two-stage Two-stage

Mark-up 2.128 3.205

Bargaining power 0.50 0.50

Return to scale 1.725 2.26

SRijt ¼ ðqit � kitÞ � sL;ijtðlijt � kijtÞ, LERijt ¼ ðqit � kitÞ, BARijt ¼
ðaL;ijt � 1Þðlijt � kijtÞ and yijt; kijt; lijt are respectively log value of

value added, fixed capital and number of workers used. Methods used

in variable constructions as well as calculation of mark-up, bargaining

power and return to scale have been discussed on Sect. 4 at length.

*** represents significant at 1 %, ** represent significant at 5 % and

* represent significant at 10 %; OP Olley–Pakes method, and LP
Levinshon–Petrin method
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results have been presented in Table 3. At first, these four

interaction terms have been incorporated in the regressions

and the results are reported respectively in columns (2) and

(4). It shows that the estimated coefficient of interaction

terms of LER with exports has been postive and statistically

significant in both regressions. In other words, the growth

of exports raises the residue of the concerned industries by

pushing up its market price and that has resulted in a rise of

the mark-up in the sector. Moreover, the estimated coeffi-

cients of interaction term of BAR with the exports have also

been statistically significant and negative. It indicates that

the exports expansion rasies demands for more workers

and, thereby, the increased demand of workers has raised

their wage rent, leading to a reduction of the residuals in

the sector. Therefore, the export competing sector has

gained surplus through a rise in the mark-up and lost a bit

by paying higher wages to the workers.

On the other hand, if we look at the import competiong

sector, the results have been quite different. The estimated

parameters of interaction term of LER variable with

imports have been statistically insignificant in both

regressions. Hence, the impact of imports on mark-up is

uncertain. However, the estimated coefficient of interaction

term of BAR variable with imports has been positive and

statistically significant. Thus, we can safely infer that the

growth of imports increases competion for the domestic

firm and reduces demand for workers. The lower demand

has resulted in a reduction of wages paid to the workers in

the concerned sector and led to a rise in the residue of the

sector. But, the effect of the competition in the sector on

price has been uncertain.3

Then, we include other two important factors, the con-

tract workers and the share of entrepreneurs/managers,

which are known to be robust explanatory factors for

productivity growth in the contemporary world, in the

regressions. Flexibility of the labor choices and growth of

entrepreneurs/managers would definitely improve the pro-

ductivity growth by creating condusive environment for

technological improvement and skill formation. Incorpo-

rating these two additional explanatory variables, we run

both OP and LP regressions, and the results have been

reported respectively in columns (3) and (5). The sign and

the significance level of the estimated parameters derived

in the previous equation have not changed, even after

controlling these two variables. The results discussed pre-

viously relating to the effect of trade reforms on mark-up

and wage bargaining, therefore, stand valid. It can be

concluded that unless the distortions due to the product and

labor market imperfections are eliminated from the residual

growth, a true TFPG cannot be estimated.

4.7 Trade and TFPG

In the previous section, we observe that the trade expansion

after reforms has significantly affected the market condi-

tions. During 1998–2005, the industry has grown in the

economy on an average at 7.2 %, but the employment

growth is very low. The usual TFPG has been found to be

1.04 % for the period (Table 4). The modified figures

should not necessarily be lower than that of the usual

TFPG. It could be greater or lower depending upon the

relative strength of the mark up and wage rent. We find that

the modified TFPGs have been 0.46 and 0.58 %, respec-

tively, in OP and LP methods after controlling the market

imperfections in the product and labor markets for the same

Table 3 Impact of exports and imports on mark-up and wage bar-

gaining in Indian manufacturing during 1998–2005

Variable Olley–Pakes method Levinshon–Petrin method

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

LER -0.073 -0.120 -0.02 0.009

BAR -1.044*** -1.048*** -1.062*** -1.055***

K 0.779*** 0.821*** 0.698*** 0.734***

Export*BAR -0.007*** -0.007*** -0.004 -0.006***

Export*LER 0.049** 0.046* 0.071*** 0.049***

Import*BAR 0.013*** 0.0134*** 0.0122*** 0.013***

Import*LER 0.026 0.034 0.018 0.037*

Export – – – –

Import – – – –

Contract labors – 0.053** – 0.077***

Share of

managers

– 0.002*** – 0.002***

Wald statistic – – 41.59 22.10

Number of obs. 4246 4246 3829 3183

Estimation Two-

stages

Three-

stages

Two-

stages

Three-

stages

Same as in Table 2

Table 4 Growth of GVA, solow residual and revised total factor

productivity in Indian manufacturing during 1998–2005

GVA 7.2

Workers 0.76

Fixed capital 3.12

TFPG

1. Usual SR 1.04

2. OP method 0.46

3. LP method 0.58

Growth rate has been calculated by running simple trend regression

controlling industry and state effects

3 The domestic firms in some sectors receive favorable treatment

from other non-tariff barriers (like Anti-Dumping initiatives) in India

(Maiti 2012). As a result, the domestic price is perhaps not reduced

significantly with the rise of import competition. .
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period. It is interesting to mention that the revised pro-

ductivity growths in both methods have been almost half of

the usual estimate. Therefore, the usual TFPG actually

overstates the true level of technological change. As the

mark-up in the export competing sector has increased

significantly and has not declined in the import sector, the

price rise dominates the overall effect in the economy.

Hence, the elimination of these mark-ups has resulted in a

decline of the residual growth, which represents the true

level of the productivity growth.

In order to show the effect of trade reform on produc-

tivity growth, we create openness variable—the ratio of

total trade (exports and imports) relative to total produc-

tion. At first, the openness variable is regressed on the

residual growth without considering interaction terms of

market imperfections with exports and imports. The

regression results have been reported in columns (2) and

(3) in the Table 5. The openness has turned out to be sta-

tistically insignificant to explain the residual growth. When

the same variable has been regressed on residual growth

after controlling the interaction terms of LER and BAR

variables, respectively with log value of exports and

imports, the effect of openness (after the above-mentioned

three stage regression) has turned out to be positive and

statistically significant in both regression (see column (4)

and (5) in Table 5). Therefore, the impact of openness on

the productivity growth has been positive because of

increased competition in domestic and export markets. This

improvement takes places through the increased technol-

ogy transfers, technical diffusion and other spill-over

effects in the economy.

5 Conclusion

The present study develops a theoretical framework to see

how trade reforms mislead the usual productivity growth

(i.e., Solow residual) by simply changing the product and

labor market conditions. The export expansion after

reforms would likely to overestimate the usual productivity

growth and the import sector reform leads to underestimate

the same. Since the effect of trade reform hits the product

market directly and then transmits to the labor market, the

producers retain a larger benefit from the expansionary

export sector reform and cannot shift the entire burden in

the face of increased import competition.

The paper empirically investigates the impact of trade

reform undertaken in Indian economy on the productivity

growth during the last two decades. A simple modified

method of the approaches provided by Olley and Pakes

(1996) and Levinsohn and Petrin (2003) have been

employed on disaggregated industrial data at the thee-digits

level over 15 major Indian states during 1998–2005 to deal

with both the issues of simultaneity and market imperfec-

tions in the productivity estimation. We find that the trade

reform significantly raises mark-up and wage rent in the

export competing sector and reduces wage rent in the

import competing sector. The existing studies, therefore,

provide wrong estimates of productivity growth because of

the presence of significant market distortions in the econ-

omy. It is observed that while the usual estimate of pro-

ductivity growth is 1.04 %, the modified estimates, after

controlling the market distortions, account for almost half

of that in both approaches. Moreover, the openness

explains productivity growth significantly when the market

imperfections due to the trade reform are controlled. It thus

follows that the trade openness changes the market con-

ditions and increases the productivity growth as well in the

economy.

This paper adds to the literature in several ways. It

theoretically shows how trade reforms affect the residual

growth simply by changing market conditions which has

nothing to do with technological change. The usual esti-

mate of TFPG is likely to be overestimated in the export

competing sector and under-estimated in the import com-

peting sector. Second, the paper deals with both the

simultaneity issue and market imperfections jointly to

discover a modified estimate of productivity growth. Third,

the true productivity growth appears to be almost half of

the usual estimate. Fourth, the trade openness positively

contributes to productivity growth only when imperfections

have been controlled. The study has particular relevance to

the current discussions on the reform policies relating to

FDI flow into retail trading sector in India. This policy

might increase the competition in the downstream market

where the competition would likely to raise the producer’s

Table 5 Impact of openness on total factor productivity in Indian

manufacturing during 1998–2005

OP LP OP LP

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

LER 0.539*** 0.701*** -0.073 -0.02

BAR -0.991*** -0.99*** -1.044*** -1.062***

K 0.834*** 0.71*** 0.779*** 0.698***

Export * BAR – – -0.007*** -0.004

Export * LER – – 0.049** 0.071***

Import * BAR – – 0.013*** 0.0122***

Import * LER – – 0.026 0.018

Openness 0.0008 0.0001 0.003*** 0.083***

Wald statistic – 61.04 – 61

Number of

obs.

4,246 4,246 4,246 4,246

Estimation Three-

stages

Three-

stages

Three-

stages

Three-

stages

Same as in Table 2
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innovation effort and resultant productivity growth. On the

other hand, such reform might also raise a bargaining

position of corporate traders at the downstream market

over suppliers and/or producers who rely on the existing

and traditional marketing channels. The relative strength of

buyer’s power and vertical competition would effectively

determine the actual level of innovation efforts. The net

effect on innovation or productivity growth could, there-

fore, be theoretically ambiguous and is an interesting

matter of further empirical investigation.
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Appendix

Let us consider the Cobb-Douglas production function

where value added Q of a firm using labor L and capital K:

Q ¼ AFðL;KÞ ð22Þ

The production function is homogeneous of degree

1 ? k for all input factors. By taking a total differentiation

of (22) and logarithmic values we get:

ðq� kÞ � eLðl� kÞ ¼ kk þ a ð23Þ

Under perfection competition, the wage is paid according to

the value of marginal product, i.e., w ¼ PMPL. Re-arranging

the terms, we get that eL ¼ D ln Q
D ln L ¼ wL

PQ ¼ sL. Then, we get:

ðq� kÞ � sLðl� kÞ ¼ kk þ a ð24Þ

Now, (q - k) - sL(l - k) is defined as SR.

Under imperfections in product market, the wage is paid

according to their marginal revenue product, i.e.,

w ¼ MR:MPPL. If l ¼ P=MC, then eL ¼ lsL. Assuming

eL þ eK ¼ 1þ k and substituting then in (24), we can easily

rearrange as follows:

ðq� kÞ � sLðl� kÞ ¼ 1� 1

l

� �
ðq� kÞ þ kk þ ð1� bÞa

ð25Þ

Under imperfections both in the product and labor

markets, the labor union is assumed to have a bargaining

power h. �L is the total workers and w0 is the alternative

wage for workers outside the firm. Nash bargaining

equation is as follows:

max
w;L

X ¼ ðLwþ ð�L� LÞwa � �LwaÞhðPQ� wLÞ1�h ð26Þ

Differentiating with respect to wage and employment

and then rearranging the terms, we get:

w ¼ ð1� hÞwa þ h
PQ

L
ð27Þ

w ¼ h
1� h

PQ� wL

L

� �
þ oðPQÞ

oL
ð28Þ

Now, we get
oðPQÞ

oL ¼
oðPQÞ

oQ
oQ
oL ¼ P

l
oQ
oL where l ¼ ep

ep�1
and

ep ¼ P
Q

oQ
oP.

Then, we find that

eL ¼ lsL þ lðsL � 1Þh=ð1� hÞ ð29Þ

Combining (25) and (29), we find that

ðq� kÞ � sLðl� kÞ ¼ 1� 1

l

� �
ðq� kÞ þ k

l
k þ h

1� h

� ðs� 1Þðl� kÞ þ ð1� bÞa ð30Þ
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