
The paper attempts to explain and analyze the dominant role played by the chemical

sector in India in both manufacturing as well as in foreign trade in the post-reform period.

By using non parametric DEA for four time periods in the post reform era it has been

observed that there exists technological heterogeneity across products, indicating

meaningful insights in terms of internal characteristics of firms like age and size. Analyzing

the performance in the open market we find between 1991 and 2006 a higher export can

be explained more by price competitiveness along with a shift from finished and processed

chemicals to intermediate goods. To get an idea about product and destination wise

outsourcing or subcontracting practices in the sector in the presence of a considerable

extent of import of inputs, Intra-Industry Trade analysis is carried out. Finally, an

investigation of the performance of the sector through a decomposition of total factor

productivity between 2002 and 2006 by using Malmquist Index has been attempted.

1. Introduction

1.1 The manufacturing sector has taken a lead role in the post-reform success of the

economy and India has become a member of the BRIC (Brazil-Russia-India-China)

countries who are clubbed together for their remarkable growth in GDP in the recent past.

The New Economic Policy adopted in July 1991 has introduced a series of short-run

stabilization policies and longer run structural adjustment measures to ensure economic

efficiency and sustainable progress. These measures all share a common philosophy of

promoting free market institution at domestic economy by slackening regulatory controls

and at the international market through enhancement of global integration. The response

of the economy to all these interventions is in no way uniform and smooth. Some initial

success was observed till 1997-98 and the state and pace of development started exhibiting

many troubling signs since 1998-99 (Parikh, 1999). A new set of corrective measures

were introduced since then. At the same time the global scenario was started getting

monitored by the newly evolved supra national institutions like the World Trade

Organization (WTO). The combined influence helped India to reinstate herself on the

high growth path. The overall importance of manufacturing sector still remained

unquestioned, though the service sector, and especially, construction activities expanded

rapidly. In this backdrop we are interested in studying the current position and future

prospect of chemical sector, which is the singularly most important manufacturing sector

in terms of both the volume of production and employment in registered factory sector.
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1.2 Chemical industry is one of the most important manufacturing sectors of India in

terms of both production and export performance. According to the latest ACC (Association

of Chemical Companies) Newsletter it contributes 7% of GDP, 13% of industrial output

and 13% of total export (Katiyar, 2009). In terms of global participation India owns 2%

of global chemical industry and Indian pharmaceutical industry ranks 4th in volume and

13th in terms of value of production. India is a strong player in generic pharmaceutical

market and is the second largest producer of agrochemicals in Asia. Thomas (2002)

estimated and compared the share of different manufacturing sectors in terms of gross

value added (GVA) and employment for pre and post reform periods by using three yearly

averages for the period 1979-82 and 1995-98. It has been found that the share in GVA for

chemical sector has gone up from 18% to 26% and the corresponding share in employment

has increased from only 9% to 11% per annum. Over the last three decades the sector

experienced above average decadal growth rates and enjoyed the distinction of being the

fastest-growing manufacturing sector.

1.3 In this paper an attempt has been made to study the performance of Indian Chemical

sector in the domestic economy as well as in the global market during the post-reform

period. At the age of globalization the imposition of uniform patenting practices all over

the globe is propagating a switch from process to product patent and protection of trade

related intellectual property rights (TRIPs). This throws a special challenge to the Chemical

sector where the processes were mostly adopted through reverse engineering and where

forward and backward linkages are not necessarily confined within the geographical

boundary of the nation. The post-WTO safety measures in terms of TBT (technical barriers

to trade) are also targeting this sector in terms of health and environmental safety standards

and norms of sustainability. In spite of all these barriers Indian Chemical industry is an

important player in the Indian manufacturing sector and especially in the post-reform

period its presence in the global market has also become more visible at least  in some

specific directions of commodity trade. So, the analysis has been presented here around

four main points: in Section 2, we have analyzed the performance of the major

manufacturing sectors in India in the post reform period and the unique behavior of the

chemical sector has been identified in terms of the analyses of some aggregate measures

like average growth rate of net value added, improvement in total factor productivity, etc.

Next we have considered the chemical sector as a whole and all its constituent sub-classes2

and evaluated performance in terms of technical efficiency scores (section 3). The third

stage of the analysis looked into performance of the sector in global market. It attempted

a brief analysis of the pattern of trade of the Indian chemical sector, both in terms of

product-type as well as destinations, and also offered a brief comparison of this pattern

across different phases of post reform period (section 4). The following section addressed

the impact of these changes on total factor productivity to assess the extent of technological

improvement of the sector. Thrust has been placed on crucial decisions related to export,

R&D, etc. to throw light on the future prospect of the industry (Section 5). Section 6

concludes the paper.

2 For details see Majumdar 2010, 2011
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2. Special Importance of Chemical Sector:

2.1 This section attempts to analyse some basic characteristics related to the

performance of the manufacturing sector in India during the reform period, i.e., 1990-91

to 2007-08. The  entire period is divided into two phases, one from 1990-91 till 1998-99

and the second phase from 1999-2000 till 2007-08. The analysis is attempted with 11 two

digit industries following 1998 classification codes3. The list of these industries are given

in Table 1.

2.2 We start with  average shares of NVA over the entire period for all these 11 industries.

Figure-1 shows these shares for the entire period and for two sub-periods separately. The

chemical sector represented by NIC 24 records the highest average shares of NVA over

the entire reform period as well as in two sub-periods.

2.3 We also analysed the growth of NVA for these 11 industries (Figure-2) over the

reform period. It has been observed that the average annual growth rate is quite low for

the chemical sector (0.74%). Moreover, the decomposition of average annual growth rate

over two phases of reform (Figure-3) isolated three groups NIC 15 (food products), 17

(textile) and 24 (chemicals) for which the growth rates were positive in the first period

and it turned into negative in the second period. Again, among these 3 industries, the

growth rate recorded for the chemical sector is the minimum (-5.24%) in the second phase.

2.4 It is important to remember that these performance measures captured through

NVA are rough estimates of the overall change in average annual growth. A more

sophisticated analysis may be carried out on the basis of the change in Total Factor

Productivity4 (TFP). Here the growth accounting approach has been applied to estimate

the Solow Index. Out of total change in productivity when the part explained by individual

specific factors like capital, labour, etc. are taken away the residual portion is ascribed to

general increase. This general increase is known as the total factor productivity and is

claimed to be associated with business environment, technological optimism, and so on.

If the neo-classical production function is represented by:  LKFY ,  where the

symbols have their usual meaning then change in Y  Y  is due to change in K  K ,

change in L  L  and change in A   A . The change due to K and L are ascribed to

specific factor productivity whereas the change due to A is termed as total factor

productivity. So,
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3 The NIC classification has been upgraded in 1998 by dividing some 2-digit classes into finer categories but

to maintain continuity of the data series we have clubbed them into smaller number of classes by keeping

consistency with NIC87 classification in terms of  the relevant concordance table.

4 The TFP is generally indicate the change in technology and in Solow Index it is given as a residua change in

productivity that cannot be explained in terms of the contribution of any specific factor.
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generated.

2.5       The TFP indices are plotted in Figure-4 across the reform period. It is found that

in the first phase the trend was more or less positive whereas in the second phase some

slowing down has become obvious. Considering the phase-wise growth rates (Figure-5) it

is observed that the rate of growth is much lower in the second phase.

2.6 It is apparent from the foregoing analysis that the second phase of reform shows a

decline in the growth of shares in NVA as well and indices of TFP for the chemical sector

as a whole. We choose this period for further exploration with individual five digit industry

level data on the chemical sector to check the implication of these aggregate movements

on the technical efficiency of the decision making units (DMUs).

3. Assessment of Performance using Technical Efficiency Scores

3.1 In this section we consider the technical efficiency (TE) as a performance measure

of chemical industry. Technical efficiency is an index which is expressed as the ratio of

actual production and the potential productive capacity of a firm using the same amount

of resources. This paper considers the nonparametric Data Envelopment Analysis (DEA)

developed by mathematical programming school and it may be considered as a sequel of

Majumder (2010) where an extensive application of the standard DEA methodology has

been shown to estimate and analyze the firm level technical efficiency in Indian chemical

industry in the presence of technology heterogeneity assessed in terms of Technology

Gap and Technology Closeness Ratio of this sector.
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3.2 Technical Efficiency Measurement: We use the output oriented version of technical

efficiency with variable returns to scale in four points of time in the post reform period.

Analysis on disaggregated unit level ASI data for four alternate years starting from 1999-

2000 till 2005-06 can be justified on the basis of phase wise analysis of reform done in

section II. We find that the second phase shows a declining pattern in terms of annual

growth of NVA as well as TFP. It is particularly interesting to consider the second phase

of reform to attempt an elaborate analysis of technical efficiency. Since discreteness is

expected in the process of technology adoption, four alternate years have been selected

from the latter phase to carry out a detailed analysis of technical efficiency of the chemical

sector with unit level ASI Data.  At first one output (Ex-factory value of output) and three

inputs (Intermediate Inputs5, Capital & Labour) are considered to estimate the technical

efficiency of every individual firm for each particular year.  For each selected year only

those units are retained and analyzed for which information was available on all these

input-output variables6. Table-2 reports the summary statistics of TE Scores over time.

The mean value of TE never exceeded 33%, indicating a low level of technical efficiency

and, therefore, a significant scope for improvement even within the existing set-up. The

Median value is always lower than mean suggesting a stronger concentration of firms at

low levels of efficiency. Also, there has been a decline in standard deviations and rise in

skewness across years.

3.2.1 Figure-6 indicates continuous fall in the percentage of the firms belonging to the

highest level class boundary of Variable Returns to Scale Technical Efficiency (VRSTE)

scores. In 2000 the 29.52% of the firms were at the bottom level class boundary of VRSTE

score. It has gone up to 34.72% in the year 2006. Table-3 reports a steady decline in the

percentage of efficient firms (from 2.26% in 2000 to 1.31% in 2006) for which technical

efficiency score (TES) equal unity7.

3.2.2 At this juncture it would be interesting to analyze the pattern of input and output

slacks experienced by the inefficient firms. According to Table-4 there is no significant

slack in the use of materials or intermediate inputs (INTRINP); here the percentage is

generally less than 1. Since the purchase of materials does not call for any pre-commitment,

hence, this judicious use of raw materials is rather expected from the established firms.

The slack in labor use (MDW) is higher than that in capital (FA) and one plausible

explanation may be advanced in terms of the presence of unionized labor in registered

manufacturing units. However, not too many firms are revealing inefficiency in terms of

usage of both FA and MDW. Finally, the percentage of inefficient firms without any input-

slack is estimated. The percentage of manufacturing units with only output slack is found

to vary between 39% and 79 % across the time periods considered (Table-4). These firms

have selected the right technique of production (because there is no scope for economizing

5 Intermediate Input is nominal value of inputs (addition of indigenous and imported ones, including power,

fuels etc.) used by the firm during the year (Bhandari, 2009)

6 To calculate the technical efficiency score here the popular DEA package DEAP 2.1 has been used and all

reported technical efficiency score has been calculated under VRS assumption.

The Journal of Industrial Statistics, Vol 1, No. 2186



on input use) but are inefficient due to choice of sub-optimal scale of operation. These

firms can increase their efficiency only through output expansion7.

3.2.3 A further analysis has been carried out at a more disaggregated level to check the

pattern of this performance across size8 and age of firms. Whether smaller or larger firms

are performing better with recent or longer history of production is the query. Each year

individual firms are arranged in ascending order of size (measured by values of intermediate

inputs used by them) and then the firms are classified into different quartile groups like

the lowest 25% denoted by Very Small, next 25% denoted by Small, the third quartile

denoted by Large and highest 25% denoted by Very Large. The mean VRSTE of each

size group is then computed. Again relationship between firm’s age and its VRSTE is

considered, here classification of firms in terms of three age groups, namely, Very Old,

Old and Young is proposed utilizing information on whether the firms were established

before twenty years, between ten to twenty years and within ten years time, respectively.

For each year under consideration, the mean TE of firms in each age group has been

computed. The descriptive statistics of size and age-wise distributions across years are

reported in Table-5 and Table-6.

3.2.4 Very large firms have a better performance in all the years in terms of mean VRSTE;

however, the magnitude of TE score decreases over time. Again Table-6 indicates that the

very old firms always show greater average VRSTE than other two but over time it is also

declining. An interesting pattern became apparent when we calculated the age-size-wise

average VRSTE score (Table-7). It has been noticed that the very old and very large

group always dominates in terms of average VRSTE in every year but over time the value

of this average is gradually falling. On the other hand young and very small group, which

always has a much smaller average VRSTE than other groups for each year under

consideration,   experiences an increase in their average VRSTE over time, especially

from 2002 onwards. So, on the whole the VRSTE of the relatively young and smaller

firms are growing faster than that of older and larger ones.

3.2.5 At the next stage of the analysis, the efficient firms from each age-size group have

been considered. Table-8 presents age and size-wise percentage of observed frontier firms

with respect to total observed frontier firms. More than 44% frontier firms belong to very

old group in the year 2000. By the year 2006 the share has gone down to 30.95%. On the

other hand over the same reference period the share of young firms on the frontier has

gone up from 30.23% to 47.62%. Thus, ‘age of the production unit’ plays an important

role in deciding the technological performance of it9.

7 Neogi & Ghosh (1994) also observed inter-temporally declining technical efficiency of Indian Manufacturing

Industries (including Chemicals) by applying time-varying frontier production function approach with both

fixed and variable ranking models.

8 In this paper the efficiency is our outcome variable. It is known that output is an indicator of efficiency

index. Therefore, the output cannot be considered as the size of the factory. Among the inputs there may have

some rigidity with respect to Capital and Labor in the form of pre-commitment. However, the intermediate

input shows direct correspondence with the firm’s production and, hence, has been taken as a proxy of size.

9 Taken age as an input Majumder (op. cit.) estimated the firm level technical efficiency for the same four

years of that industry. In that paper pattern of the histogram of VRSTE score was same like Figure-1. Therefore

the inclusion of age as an input did not affect substantially the distribution of VRSTE score from earlier.
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3.2.6 To explore the nature of relationship between firm’s age and technical efficiency

first we calculate the age group wise percentage of observed firms having slacks in firms’

age along with percentage distribution of observed frontier firms across different age-

groups. Table-9 and Table-10 report the results.

3.2.7  From Table-9 very old firms are having leading position in terms of age-slacks for

all selected years. This may indicate the inability of the older firms to adapt to more

efficient modern technologies. Table-10 shows that the percentage of young firms on the

frontier is always very high as compared to old and very old firms and this percentage is

continuously increasing over the reference period.

3.3 Technology Gap /Closeness Analysis & Significant Products Selection: This sub-

section presents an analysis of the regional pattern of concentration of chemical firms in

India and the major products on which they concentrate. The major Indian states have

been grouped into three categories on the basis of number of active observed firms present

in the chemical sector. If the number exceeds 250 for all years, we call it a HIGH

concentration state, if it is between 100 and 250, we call it a MODERATE concentration

state and if the number is less than 100 the corresponding state has been identified as a

LOW concentration state. According to this criterion Gujrat (GUJ), Maharashtra (MAH)

and Tamil Nadu (TN) belong to HIGH group. Similarly, Andhra Pradesh and Uttar Pradesh

belong to MODERATE group. Remaining states belong to LOW group. It has been found

that in HIGH states the gap is consistently increasing over time indicating a tendency

towards increasing technological heterogeneity for these states. On the other hand, for the

LOW states the opposite is observed where the gap between Grand and Group is

diminishing over time indicating a tendency towards convergence10. Table-11 reports the

age-wise percentage distribution of observed firms at different regions of the country. The

highest percentage of young firms is observed at LOW concentration states; in case of

HIGH concentration state the majority of the firm belongs to very old group. In the earlier

analysis we have shown that the grand frontier is largely represented by young firm. As

the majority of the young firms belonging to LOW concentration states and this share is

continuously increasing over time, therefore, the narrowing of technology gap (or

enhancement of TCR) for this region supports the grand group convergence. The opposite

will be true for HIGH concentration state.  In the HIGH states the firms may be trying to

retain their leadership position in this sector by adopting different types of technologies

through collaborations and modernizations depending on their specific pattern of product-

concentrations at higher levels of disaggregations; this may lead to an increase in technology

gap within the state.

3.3.1 The most important categories for the HIGH states are NIC 2411, 2423 and 2429

representing manufacture of basic chemicals except fertilizer and nitrogen compounds,

manufacture of pharmaceuticals, medicinal chemicals and botanical products and

manufacture of other chemical products, respectively that accounts for more than 75% of

total chemical production of these states taken together. In addition to these categories for

10 The opposite will be true in case of Technology Closeness Ratio [TCR] (Majumder, op. cit.).
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the MODERATE and LOW states two other categories are important, viz., manufacturing

of paints, varnishes, printing inks, etc. (NIC 2422) and manufacturing of soaps and

detergents, polishing preparations, perfumes and toilet preparations (NIC 2424). In all,

these five categories explain more than 80% of total chemical production of the

MODERATE and LOW states (Majumder, op. cit.). Major chemical products of the three

HIGH states at this 4-digit level have been further disaggregated at the 5-digit level to

identify the exact producing units where the strength of the state lies. For example, because

of its very rich tradition of textile production GUJ shows a high concentration of factories

manufacturing dyes (NIC 24114) and here the number of participating firms are steadily

increasing over time. No such strong results are obtained for other constituent categories

of NIC 2411. In case of basic organic chemicals (NIC 24119) both GUJ and MAH are

important players and in both the states the relative importance of the product is declining

over time. Stable presence of NIC 24232, i.e., manufacturing of allopathic pharmaceutical

preparation is experienced in both the states indicating their high level of involvement in

pharmaceutical productions. In addition, MAH also produces fine chemicals like writing

or drawing ink, etc. (NIC 24299). Though GUJ and MAH more or less share the same

concentration profile, the situation in TN is strikingly different. Here most of the chemical

factories are concentrating in manufacturing of matches (NIC 24291) and manufacturing

of explosives including firecrackers (NIC 24292)11.

3.4 Group versus Grand Technical Efficiency of Some Selected Industries: An Analysis

of Technology Heterogeneity: From the previous subsections it becomes clear that in

general, the technical efficiency of chemical industry is low. In no year the average score

is found to be greater than 33%. However, the industry performs very well in terms of

profit, net income and export in relation to other manufacturing industries (Thomas, op.

cit.). One plausible explanation for this apparent paradox may lie in the effort to club all

57 varieties of chemical products into one category and more meaningful results regarding

the performance of the industry may be obtained by concentrating on the seven specific

products at the 5-digit level of disaggregation, where the efficiency performance is

established to be above average. In this sub section we present an analysis of output

oriented technical efficiency based on these seven major chemical products and the

possibility of technology divergence, if any, has also been explored. From Table-12 it is

apparent that these seven chemical products, taken together, explain nearly 50% of the

industry output. It is further been indicated that NIC 24232 is the observed largest sector

among these major seven NIC-5-digit level products.

3.4.1 Table-13 shows the year wise descriptive statistics of grand average technical

efficiency score calculated by taking these selected seven NIC-5-digit products together.

Grand mean efficiency for this industry is still below 50%. Here also the median values

are always less than the mean values, suggesting high concentration of firms at low level

of technical efficiency. Presence of positive skewness also confirms this claim.

11 It is interesting to note that NIC 243 (manufacturing of manmade fibers) is not important in any of these

HIGH chemical producing states.
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3.4.2 Table-14 shows the NIC-5-digit sector wise descriptive statistics of grand technical

efficiency. In case of the best performing product 24299, the highest value is recorded in

the year 2000, which is also reasonably low (52%).  Table-15 shows the NIC-5-digit

sector wise descriptive statistics of group technical efficiency. Here, the mean VRSTE

exceeds 80% for at least three product categories, viz., 24114, 24291 and 24292. If we

compare Table-14 and Table-15 for each year and each product the CV of grand is greater

than the CV of group VRSTE indicating that the score of technical efficiency calculated

from group is less dispersed than those calculated from grand. Thus, the substantial

difference between the mean values of grand and group specific technological efficiency

coefficients and their coefficients of variation clearly indicates the presence of technological

heterogeneity for these selected products.

3.4.3 The following section analyses the performance of Indian Chemical Sector in the

international market to assess the link between production efficiency in the domestic front

and market performance in the global context.

4. Indian Chemical Industry in Global Market

4.1 To assess performance of Chemical Sector in the global market first, following

constant market share (CMS) type analysis (Leamer & Stern 1970) we have isolated the

factors responsible for the observed export growth of the sector. A country’s export may

grow due to four factors: (1) growth of world export; (2) change in direction of trade; (3)

change in commodity composition; and (4) an increase in global competitiveness.

Comparing the changes between 1991 and 2006 it has been found that India’s price

competitiveness in the world market is mostly responsible for her impressive performance

in the chemical export (Majumder 2011). If the product lines, where India concentrates,

are in the final stage due to higher substitution possibilities at the consumption point the

demand would be more price-sensitive and with a decline in relative price value of total

transaction would go up. Horizontal product differentiation would be observed. This would

be reflected in higher value of Revealed Comparative Advantage (RCA)12. On the other

hand, if India specializes in an intermediate product/ process then due to specific tie-ups

with the follow up stages the substitution possibilities would be weaker and consequently

the price-sensitivity would be lower. Here, the RCA value would be small and the products

will be vertically differentiated in terms of quality (value). If such inter-linkage in production

chain exists then that would be captured in terms of an analysis of the pattern of Intra

Industry Trade (IIT).

4.2 To identify the sub-group of chemical products and the specific markets where

India is enjoying this prominence we have carried out an analysis of RCA across product-

12 

WTE
WCE

ITE
ICE

RCA 
where ICE - India’s Chemical Export; ITE- India’s Total Export; WCE- World’ss

Chemical Export and WTE-World’s Total Export; RCA>1 implies larger than average share of India’s chemi-

cal export compared to the World’s share.
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groups as well as OECD13 and Non-OECD markets. Since import of chemical is also very

important in the trade structure of this sector, hence, there is a strong possibility of the

prevalence of IIT. We have explored the product-group-wise as well as destination-wise

nature and pattern of IIT in multilateral contexts14 by using uncorrected Grubel-Lloyd IIT

Index15.

4.3 At SITC 2-digit level of classification the Chemical sector has been subdivided

into nine component groups as follows: Organic Chemicals (SITC 51), Inorganic Chemicals

(SITC 52), Dying, Tanning, Coloring (SITC 53), Pharmaceutical products (SITC 54),

Perfume, Cosmetics & Toilet Preparation (SITC 55), Fertilizer (SITC 56), Plastic in

Primary Form (SITC 57), Plastic in non-Primary form (SITC 58) and Other Chemicals

(SITC 59). In OECD countries we have high average RCA in SITC 51 & 53 only whereas

in Non-OECD bloc RCA exceeds unity for two more product groups, viz., SITC 54 & 55.

In the former group RCA for SITC 53 is 2.453 and for the latter group of countries the

RCA for SITC 54 is as high as 2.841. MIIT of SITC 51, 54 & 55 is very high in OECD

and in Non-OECD only that of SITC 51 is high (larger than 0.75). Combining these two

sets of observations it may be concluded that high RCA and high MIIT indicates horizontal

product differentiation (trade in different varieties of the same product), which is observed

in case of SITC 51 in both OECD and Non-OECD countries; low RCA and high MIIT

indicates greater specialization of India in low value intermediate inputs, which is observed

with respect to OECD countries for products like Pharmaceuticals (SITC 54) and Perfume

& Toilet Preparations (SITC 55). A final category in this group is SITC 57 where the

surmise of pollution load shifting is difficult to ignore.

4.4 Finally, we will comment on the growth rates of RCA and MIIT for Chemical

Sector. For OECD bloc both rates are statistically significantly positive over time for All

Chemical, SITC 51 (Organic Chemical) and SITC 52 (Inorganic Chemical). For SITC 53

only MIIT is growing (not RCA) indicating a tendency towards gradual shifting towards

low value products/ processes and enhancement in market share whereas for SITC 55

only RCA is growing and not MIIT suggesting India’s greater presence in the World

market as a supplier of finished Toilet & Perfume related products. Finally, for inorganic

chemicals the market becomes very competitive among the Non-OECD trading partners

only.

13 OECD stands for Organization of Economic Cooperation and Development representing industrialized

developed countries.

14  The entire analysis in this section has been carried out by using COMTRADE database of WITS (World

Integrated Trade Solution) provided by SITC3.

15 

)(
1

iW
IND

iW
IND

iW
IND

iW
IND

IND

MX

MX
MIIT






 where 
IND

iWX = Value of ith Export from India to the World

and
IND

iWM = Value of ith Import from World to India;
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4.5 With this background in the following section an analysis of temporal changes in

technical performance of the Chemical producing units of India would be carried out

where the influence of the nature of import-dependence in the input side and the pattern of

export-dependence at the output side on technological up-gradation would be analyzed

over the phases of globalization by constructing a panel of 620 firms in terms of the

database provided by CMIE.

5. Analysis of Total Factor Productivity

5.1 In this section, using company level information an attempt will be made to integrate

the interconnections between globalization and production performance, i.e., how far the

production performance is influenced by the participation in the global market. To carry

out the analysis we would study the behavior of some selected firms over a given reference

period. To do that the identity of the firm should be known. So, ASI data would not be

adequate to carry out such exercise. Here we have taken the CMIE database. In PROWESS

database of CMIE information is available on the balance-sheet of the listed (and other

large) companies for each financial year. We have selected two post-reform years to conduct

our analysis by applying Malmquist Productivity Index on Indian Chemical Industry.

5.2 Malmquist Productivity Index: According to Malmquist at any given point in time

a firm may be efficient in terms of both technique and scale; or it may have inefficiency in

either count or in both. So under a given technology, over time, a firm can improve

productivity by improving efficiency alone. However, if the technology also changes then

the productivity may increase due to that. Thus, this disaggregated micro index of TFPG

decomposes total factor productivity into (a) technology change factor, (b) technical

efficiency change factor and (c) scale change factor (Fare et al. 1994). The firm’s total

productivity increases due to introduction of new technology that basically enhances the

production potentiality of the firm (technological change factor), the firm may increase

its technical efficiency (technical efficiency change factor) and the firm may move towards

technically optimal scale of production (scale change factor). The advantages of the

nonparametric Malmquist total factor productivity index are 1) it doesn’t make any explicit

assumption regarding the functional form or properties of the production function, 2) the

price data are not mandatory to calculate the productivity index and 3) it can isolate

technological change, technical efficiency change and scale change factor, making the

index more informative, disaggregative and appropriate for policy analysis.

5.3 An Application of Malmquist Productivity Index on Chemical Industry: In this

subsection Malmquist Productivity Index has been applied on Indian Chemical industry

to explain the growth of total factor productivity between 2001-02 (denoted by 2002) and

2005-06 (denoted by 2006) by decomposing the total change into its constituent

components. To calculate the change in TFP between these two years one has to take the

common firms which are present in the available list for both the years under consideration.

PROWESS provided information on 620 common firms on which the analysis has been

carried out. The study conceptualized one output, three input production technology. Output

of the firm is the value of total output defined as the total sales of the goods of the firms

plus the change in the stock of finished goods measured in terms of the opening stock

minus the closing stock. The inputs are: Intermediate Inputs, measured in terms of the
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companies’ expenditure for raw material plus energy inputs (given by the expenditure on

power and fuel), Labor, measured in terms of compensation to employees and Capital as

the value of net fixed assets.

5.4 On the basis of the given input output structure, output oriented technical efficiency

scores have been estimated for the 620 common Chemical firms, data on which were

available in the PROWESS for both the years and the summary statistics are reported in

Table-18. The analysis has been carried out for all chemical firms taken together and for

a number of sub-groups of firms classified in terms of different features like R&D

participation, export of the final output, use of imported raw materials, etc.16  Only 35.97%

firms participated in R&D activities, 60.0% exported the final output, 60.65% used

imported input and 49.19% used imported input and exported the final product17.

5.5 The average VRSTE scores (in terms of both mean and median values) are more

or less stable over time for all common firms (who are operating in both the years), the

skewness is not that severe and the average value for the CMIE firms is much higher than

that of the ASI firms reported in earlier sections. The basic reason behind this improvement

in average efficiency profile lies in the fact that in case of CMIE we are taking relatively

bigger and more established firms which are not only registered but are the listed players

in the Stock Markets. The only sub-group for which the average VRSTE score has improved

substantially is the R&D group, an increase from 0.543 in 2002 to 0.626 in 2006.

5.6 The average scores for output-exporting or input-importing firms did not change

much. At a glance the possibility of trade-induced technological progress seems rather

bleak. The analysis of histograms for the chemical firms as a whole and its constituent

sub-groups (Figure-7) confirms the claim that except for the firms undertaking R&D

expenditures there is no significant improvement in VRSTE scores at the upper-tail of the

distribution. However, to explore this possibility in greater detail at next stage the Malmquist

decomposition has been carried out to isolate the effects of technical efficiency change,

scale change and technology change in the change in total factor productivity of the sector

as a whole and its constituent sub-groups of firms.

5.7 Malmquist total factor productivity18 change has been calculated and reported in

Table-19. In this table total factor productivity is indicated by TFPCH column. The change

has been decomposed in terms of two factors, namely, efficiency factor (EFFCH) and

16 When two subgroups under any classification are added the total number of firms may not add up to 620,

the total number for ‘all chemicals’ class. Because under any particular category, say participation in R&D,

only those firms will be taken as participants who have participated in both the reference years and for non-

participation one needs to show non-participation in both the years under consideration. If some firms incurred

the R&D expenditure in any one year but not in the other then those firms would be dropped out from the

consideration set. The same logic of inclusion holds for two other classifications, viz., export of output and

import of input.

17 This category is likely to contain firms operating on sub-contract basis specializing at different intermediate

stages of production.

18 To calculate Malmquist Total Factor Productivity Change the program DEAP of version 2.1 has been used.
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technological factor (TECHCH); the EFFCH has further been decomposed into change in

scale efficiency (SECH) and that in technique or pure efficiency (PECH). So, TFPCH =

(EFFCH × TECHCH) = [(SECH × PECH) × TECHCH]. If the value of TFPCH or any

one of its components is greater than unity then there is definite sign of improvement on

that count.

5.8 It is obvious from Table-19 that for the chemical firms as a whole there is not much

sign of improvement in total factor productivity. However, for the whole as well as specific

constituent parts of the sector the scale efficiency has gone up everywhere indicating an

overall buoyancy and scale expansion for the sector as a whole which is supporting the

high-growth phenomenon. The improvement in the choice of technique, indicated by

favorable change in PECH, has been observed only for those firms who are engaged in

active R&D. So, in terms of combined influence of SECH and PECH only for two categories

of firms, those who are actively participating in R&D and those who are importing inputs

as well as exporting outputs, have experienced improvement in overall efficiency. The

latter category is likely to represent the sub-contracting firms whose significant presence

in the global market has already been noted in earlier section. The analysis becomes more

interesting when the situation related to the technological up-gradation is analyzed in

combination with it. Only the exporting firms are enjoying notable change in technology

(and not the R&D participating firms). The plausible reason behind that may be the fact

that through R&D the domestic firms are trying to improve on their choice of technique

(through innovations only) within the bounds of given technology; however, partnership

with the foreign/ multinational firms located in advanced countries would bring in newer

technology with its higher visibility in the export oriented segment of the industry only.

Finally, the comprehensive technical status for the industry has been assessed in terms of

the improvement in total factor productivity. Here the aggregate industry failed to reveal

any sign of  development, but three of its segments like R&D participating ones, export

participating ones and those operating with imported inputs as well as exporting output

enjoyed superior status. A further investigation shows that for the first case improvement

in technique of production is the contributory cause, whereas for the second one

improvement in scale of operation as well as technology of production contributed to the

success and finally for the last category only the scale improvement is solely responsible

for the improvement in the total factor productivity.

6. Conclusion

6.1 The paper attempts to explain and analyze the dominant role played by the chemical

sector in India, both in terms of value of production and its position in the global market.

The analysis starts with the question on whether we can relate the performance of the

industry in the market with the efficiencies of the firms operating in the sector. A thorough

analysis using non parametric DEA for four time periods in the latter half of post reform

period (where declining growth rates of NVA and TFP are noted) gives interesting results.

We find that at the aggregate industry level, the technical efficiency scores as performance

indices are low and thus cannot be considered as contributing to a better performance in

the market. But if we get into a finer disaggregated analysis with sub-industries in the

chemical sector contributing to a major share of output, we find that technical efficiency
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levels are higher and can somewhat explain the cause of a better performance in the

market. Interestingly, we can successfully build up a story of technological heterogeneity

across regions and also across products in this sector, bringing in meaningful insights in

terms of internal characteristics of firms like age and size.

6.2 Analyzing the performance in the open market we find between 1991 and 2006 a

higher export can be explained more by price competitiveness than by any other factor as

far as the chemical sector is concerned. Also, the nature of a shift from finished and

processed chemicals to intermediate goods is analyzed by using the framework of revealed

comparative advantage. To get an idea about product and destination wise outsourcing or

subcontracting practices in the sector in the presence of a considerable extent of import of

inputs, Intra Industry Trade analysis is carried out by using uncorrected Grubel-Lloyd IIT

Index. In a nutshell we can say that horizontal product differentiation (trade in different

varieties of the same product), is observed in case of SITC 51 in both OECD and Non-

OECD countries whereas for products like Pharmaceuticals (SITC 54) and Perfume &

Toilet Preparations (SITC 55) greater specialization in low value intermediate inputs, is

observed with respect to OECD countries. A final category in this group is SITC 57,

mainly plastic in various forms, where there are indications of shifting of pollution load.

6.3 A final step of the analysis consists of an investigation of the performance of the

sector through total factor productivity between 2002 and 2006 by using Malmquist Index.

This is mainly to assess the sources of changes of productivity across different categories

of firms in the industry. Interestingly, on the aggregate level there is no significant

improvement recorded but when segmented into three rough categories as performing

R&D, exporting outputs and importing inputs as well as exporting outputs, we find some

signs of development. However, the sources of improvement across categories are also

different, for the first category it is technical efficiency, for second it is scale and for the

third it is technological enhancement.

6.4 Some caveats of the analysis can be spelt out at this juncture. The non availability

of the data at the firm level for the variables required to do a complete analysis has been

a major constraint. We have to collate data from different sources which possibly has

contributed to some loss of rigor. In some stages, specific analysis could not be carried

out at the desired level of disaggregation due to non availability of sizeable sample. While

some issues still remain unsettled, we can generally conclude that there has been a major

difference if we treat the chemical sector as a whole or we treat the individual components

separately indicating the presence of a considerable technological, product and behavioral

heterogeneity in the sector for designing any uniform effective incentive measure.
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19 Observed firms are the actual firms on which information is available. No multiplier has been

used here to generate population estimates.

20-21 15 Food Products 30 24 Chemicals

22 16 Beverages, 32 26 Non-metallic

Tobacco Mineral Products

26 17 Textile Products 33 27 Basic Metals and

Alloys

27 20 Wood Products 34 28 Metal Products &

Parts

28 21 Paper and Paper 35-36 29 Machinery &

Products Equipments

29 19 Leather

Table-1: Industry Groups at 2-digit Level of Classification

Sectors

(NIC87)

Sectors

(NIC-98) Description
Sectors

(NIC87)

Sectors

(NIC-98) Description

Table-3:Number and (%) of Efficient and Inefficient Observed íirms19

Year Inefficient Efficient Total

2000 (%)
1861 43 1904

(97.74) (2.26) (100.00)

2002 (%)
2739 43 2782

(98.45) (1.55) (100.00)

2004 (%)
3062 38 3100

(98.77) (1.23) (100.00)

2006 (%)
3158 42 3200

(98.69) (1.31) (100.00)

Source: Calculated from ASI Unit Level Database

Source: Calculated from ASI Unit Level Database

Table-2: Descriptive Statistics of VRSTE Score from Observed Firms

Statistics 2000 2002 2004 2006

Mean 0.325 0.260 0.309 0.258

Median 0.263 0.212 0.264 0.222

SD 0.208 0.193 0.168 0.146

Skewness 1.461 1.679 1.782 2.745

Kurtosis 4.885 6.296 6.980 12.974

CV 0.641 0.744 0.546 0.564
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 Source: Calculated from ASI Unit Level Database

Table-4: Firms with Slacks in Input-Used /Output-

Produced among Inefficient Firm (%)

Year INTRINP FA MDW FA+MDW OUT-Only

2000 0.27 7.42 16.66 3.60 79.47

2002 0.04 9.09 38.15 4.31 57.03

2004 1.89 20.08 39.12 0.39 39.29

2006 0.06 15.71 24.70 0.41 59.97

Table-5: Size-wise Descriptive Statistics of VRSTE Score

Year Statistics Very Small Small Large Very Large

2000

N 476 476 476 476

Mean 0.235 0.237 0.302 0.526

Median 0.186 0.219 0.274 0.498

CV 0.799 0.514 0.479 0.409

Skewness 2.730 2.927 1.982 0.404

Kurtosis 11.136 17.877 9.005 2.590

SD 0.188 0.122 0.145 0.215

2002

N 696 695 696 695

Mean 0.199 0.194 0.225 0.422

Median 0.144 0.169 0.187 0.373

CV 0.938 0.678 0.640 0.482

Skewness 2.513 2.191 2.259 1.046

Kurtosis 10.410 12.356 11.119 3.588

SD 0.186 0.131 0.144 0.203

2004

N 775 775 775 775

Mean 0.292 0.273 0.283 0.387

Median 0.255 0.248 0.252 0.325

CV 0.605 0.479 0.490 0.503

Skewness 1.930 1.716 2.184 1.289

Kurtosis 7.754 8.215 10.044 4.270

SD 0.176 0.131 0.139 0.194

2006

N 800 800 800 800

Mean 0.234 0.212 0.243 0.344

Median 0.190 0.204 0.226 0.289

CV 0.740 0.347 0.424 0.491

Skewness 3.046 3.399 3.252 1.821

Kurtosis 13.219 29.780 21.766 6.931

SD 0.173 0.074 0.103 0.169

Source: Calculated from ASI Unit Level Database
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Table-6: Age-wise Descriptive Statistics of VRSTE Score

Year Statistics Young Old Very Old

2000

N 742 515 647

Mean 0.312 0.316 0.347

Median 0.260 0.256 0.274

CV 0.611 0.658 0.651

Skewness 1.531 1.602 1.256

Kurtosis 5.523 5.345 3.983

SD 0.190 0.208 0.226

2002

N 1083 797 902

Mean 0.233 0.253 0.298

Median 0.184 0.199 0.259

CV 0.798 0.755 0.665

Skewness 1.927 1.743 1.456

Kurtosis 7.323 6.592 5.536

SD 0.186 0.191 0.198

2004

N 1229 884 987

Mean 0.292 0.296 0.341

Median 0.248 0.257 0.297

CV 0.581 0.521 0.512

Skewness 1.973 1.951 1.506

Kurtosis 7.805 7.935 5.837

SD 0.170 0.154 0.175

2006

N 1157 936 1107

Mean 0.257 0.242 0.273

Median 0.214 0.216 0.236

CV 0.620 0.519 0.530

Skewness 2.756 3.150 2.429

Kurtosis 12.173 17.507 11.100

SD 0.159 0.126 0.145

Source: Calculated from ASI Unit Level Database
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Table-7: Age & Size-Wise Average VRSTE Score of Observed Firms

Year Age Group

Very Small Small Large Very Large

2000

Young 0.212 0.238 0.327 0.530

Old 0.243 0.240 0.278 0.509

Very Old 0.257 0.233 0.291 0.533

2002

Young 0.152 0.169 0.215 0.418

Old 0.200 0.181 0.216 0.430

Very Old 0.251 0.238 0.251 0.419

2004

Young 0.248 0.233 0.297 0.407

Old 0.293 0.267 0.251 0.376

Very Old 0.348 0.331 0.296 0.377

2006

Young 0.223 0.205 0.246 0.367

Old 0.217 0.206 0.234 0.317

Very Old 0.261 0.225 0.247 0.344

Source: Calculated from ASI Unit Level Database

Size of Firm

Table-8: Percentage Distribution of Firms on the Frontier

according to Age & Size

Source: Calculated from ASI Unit Level Database

Year Age Group

Size
 Total

Very Small Small Large Very Large

2000

Young 9.30 0.00 4.65 16.28 30.23

Old 13.95 2.33 2.33 6.98 25.58

Very Old 13.95 6.98 4.65 18.60 44.19

Total 37.21 9.30 11.63 41.86 100.00

2002

Young 4.65 4.65 9.30 9.30 27.91

Old 11.63 0.00 4.65 16.28 32.56

Very Old 23.26 2.33 2.33 11.63 39.53

Total 39.53 6.98 16.28 37.21 100.00

2004

Young 5.26 2.63 10.53 28.95 47.37

Old 10.53 0.00 0.00 7.89 18.42

Very Old 21.05 2.63 2.63 7.89 34.21

Total 36.84 5.26 13.16 44.74 100.00

2006

Young 23.81 0.00 2.38 21.43 47.62

Old 9.52 2.38 2.38 7.14 21.43

Very Old 21.43 0.00 4.76 4.76 30.95

Total 54.76 2.38 9.52 33.33 100.00
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Table-9: Age Group wise Percentage of Firm having Slacks in Age

Age Group 2000 2002 2004 2006

Young 17.03 8.28 11.28 16.68

Old 23.98 33.92 31.13 33.95

Very Old 58.99 57.80 57.59 49.36

Source: Calculated from ASI Unit Level Database

Table-10: Age Group wise Distribution of Frontier Firm

Age Group 2000 2002 2004 2006

Young 50.79 57.35 64.20 70.18

Old 20.63 17.65 17.28 10.53

Very Old 28.57 25.00 18.52 19.30

Source: Calculated from ASI Unit Level Database

Table-11: Age-distribution of Observed Firms in Different Categories of States

Year StateCategory Young Old Very Old

2000

High 34.71 28.70 36.59

Moderate 40.74 36.11 23.15

Low 44.83 22.73 32.44

2002

High 32.73 31.63 35.64

Moderate 44.79 28.08 27.13

Low 45.86 24.77 29.37

2004

High 28.43 33.24 38.33

Moderate 42.37 31.78 25.85

Low 44.64 25.11 30.26

2006

High 27.42 33.36 39.22

Moderate 41.65 29.56 28.79

Low 47.89 23.54 28.57

Source: Calculated from ASI Unit Level Database

Table-12: Observed Firms under Selected Seven NIC-5-Digit Category

at All India Level (%)

NIC-98 2000 2002 2004 2006

24114 2.11 2.24 2.81 3.54

24119 9.46 7.70 8.65 4.73

24231 2.73 3.62 3.65 4.86

24232 14.13 15.95 15.43 14.16

24291 7.79 10.31 8.76 7.27

24292 4.67 5.94 5.39 4.44

24299 7.07 5.83 6.74 3.22

Total (all 7) 47.97 51.59 51.42 42.21

Total (All 100.00 100.00 100.00 100.00

Chemical)

Source:  ASI Unit Level Database
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Table-13: Descriptive Statistics of Grand Technical Efficiency for 7 Products

2000 2002 2004 2006

Mean 0.461 0.279 0.374 0.430

Median 0.405 0.218 0.318 0.386

SD 0.219 0.219 0.209 0.222

Skewness 1.016 1.715 1.135 0.806

Kurtosis 3.611 5.915 4.054 3.318

CV 0.475 0.785 0.558 0.516

 Source: Calculated from ASI Unit Level Database

Statistics
Year

Table-14: Product Wise Descriptive Statistics of Grand Technical Efficiency

Year Statistics 24114 24119 24231 24232 24291 24292 24299

2000
Mean 0.413 0.422 0.439 0.460 0.489 0.447 0.516

CV 0.362 0.517 0.496 0.505 0.410 0.402 0.470

2002
Mean 0.255 0.280 0.265 0.279 0.290 0.225 0.332

CV 0.703 0.825 0.867 0.819 0.599 0.860 0.796

2004
Mean 0.361 0.355 0.306 0.363 0.479 0.339 0.361

CV 0.548 0.569 0.627 0.610 0.404 0.444 0.610

2006
Mean 0.421 0.445 0.401 0.421 0.477 0.385 0.460

CV 0.415 0.517 0.540 0.577 0.437 0.522 0.444

Source: Calculated from ASI Unit Level Database

Table-15: Product Wise Descriptive Statistics of Group Technical Efficiency

Year Statistics 24114 24119 24231 24232 24291 24292 24299

2000 Mean 0.841 0.599 0.690 0.600 0.839 0.873 0.614

CV 0.231 0.408 0.354 0.397 0.173 0.154 0.432

2002 Mean 0.801 0.657 0.627 0.349 0.783 0.655 0.467

CV 0.226 0.326 0.451 0.683 0.188 0.357 0.662

2004 Mean 0.797 0.718 0.523 0.419 0.686 0.727 0.644

CV 0.233 0.307 0.601 0.589 0.191 0.246 0.366

2006 Mean 0.714 0.797 0.673 0.457 0.845 0.724 0.753

CV 0.336 0.214 0.376 0.578 0.131 0.248 0.261

Source: Calculated from ASI Unit Level Database
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Table-16: RCA & MIIT in OECD & Non-OECD Blocs over 1991-2006:

All Chemical & Component Wise Division

S3-5(ALL) 0.852 1.181 0.972 0.783 0.835 0.813

S3-51 1.342 1.325 1.315 0.772 0.815 0.803

S3-52 0.470 0.789 0.636 0.449 0.191 0.244

S3-53 2.453 1.437 2.004 0.579 0.595 0.584

S3-54 0.883 2.841 1.446 0.833 0.320 0.577

S3-55 0.467 1.190 0.797 0.831 0.437 0.613

S3-56 0.034 0.122 0.102 0.012 0.036 0.027

S3-57 0.237 0.506 0.415 0.284 0.526 0.491

S3-58 0.447 0.650 0.511 0.844 0.556 0.840

S3-59 0.755 0.832 0.794 0.697 0.586 0.900

SITC3
RCA MIIT

OECD NON-OECD ALL OECD NON-OECD ALL

Source: Calculated from WITS-COMTRADE Data

S3-5   

(ALL)

S3-51   

S3-52   

S3-53   

S3-54

S3-55   

S3-56

S3-57   

S3-58   

S3-59   

Table-17: High Growth of RCA & MIIT in OECD & Non-OECD Blocs:

All Chemical and Component Wise Divisions

SITC3
OECD NON-OECD ALL

RCA MIIT BOTH RCA MIIT BOTH RCA MIIT BOTH

  Source: Calculated from WITS-COMTRADE Data
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Table-18: Output Oriented VRSTE of Indian Chemical Firms: 2002 & 2006

1 All Chemical 620 100.00 0.451 0.456 0.404 0.417 0.984 0.684

2 R&D 223 35.97 0.543 0.626 0.487 0.579 0.847 0.267

3 No  R&D 309 49.84 0.525 0.458 0.489 0.416 0.376 0.630

4 Product Export 372 60.00 0.489 0.482 0.440 0.447 1.172 0.859

5 No Product Export 157 25.32 0.604 0.626 0.586 0.588 -0.070 -0.124

6 Raw Material Import 376 60.65 0.513 0.503 0.463 0.459 1.003 0.655

7 No Import of  Raw 156 25.16 0.607 0.64 0.602 0.657 -0.143 -0.304

Material

8 Raw Material Import 305 49.19 0.521 0.51 0.467 0.477 1.046 0.757

& Product Export

Sl. Category Firms %

 No.

Mean Median Skewness

VRSTE VRSTE VRSTE

2002 2006 2002 2006 2002 2006

   Source:  Calculated from CMIE-PROWESS Database

Table-19: Output-oriented Malmquist Index: Change between 2002 & 2006

Sl. Category Firms %

No. (No.)

Average Change

SECH PECH EFFCH TECHCH TFPCH

1 All Chemicals 620 100.00 1.046 0.952 0.996 1.001 0.997

2 R&D 223 35.97 1.004 1.164 1.168 0.884 1.032

4 Product Export 372 60.00 1.042 0.956 0.996 1.025 1.021

6 Raw Material 376 60.65 1.061 0.936 0.993 1.003 0.995

Import

8 Raw Material 305 49.19 1.070 0.960 1.028 0.994 1.022

Import & Product

Export

Source: Calculated from CMIE-PROWESS Database
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Figure-1: Share of Net Value Added (NVA) of Different Sectors
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Figure-2: Growth of Share of NVA
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Figure-3: Decomposition of Average Annual Growth of NVA across Phases
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Figure-4: Trend of Total Factor Productivity (TFP)
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Figure-5: Phase-wise Growth Rate of TFP



Figure-7: Group and Year Wise Histogram of VRSTE

6.129

43.06 32.58
10.32 7.903 8.71

37.1 33.23
12.58 8.387

1.345
27.35

41.7
14.8 14.8 2.242 7.175

45.74
22.42 22.42

2.151

36.83 39.52
12.9 8.602 4.57

34.41 38.71
13.71 8.602

1.596
30.05 40.69

18.09 9.574 3.457
31.65 38.83

14.36 11.7

0.000 0.500 1.000 0.000 0.500 1.000

1, 2002 1, 2006

2, 2002 2, 2006

4, 2002 4, 2006

6, 2002 6, 2006

Percent
Percent

P
er

ce
nt

Output Oriented VRSTE

Graphs by Group and Year

Category Wise Histogram of Output Oriented VRSTE

   Source: Constructed from CMIE-PROWESS Database

Figure-6: All India Level Year-wise Histogram of VRSTE

Source: Calculated from ASI Unit Level Database
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