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Using the India KLEMS database, this paper undertakes a detailed sectoral analysis 
of total factor productivity (TFP). It examines the suitability of aggregation 
methodologies, inter-sectoral growth and their contributions to aggregate TFP growth 
in India from 1981-82 to 2016-17. The paper finds Information and Communications 
Technology (ICT) using industries like business services and financial services having 
emerged as drivers of productivity during the period 2008-09 to 2016-17. On the 
other hand, trade and construction industry remained as laggards during this period. 
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from the leading industries to the laggards at a faster pace during 2008-09 to 2016-17 
than in earlier years.
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Introduction

“Productivity isn’t everything, but in the long-run, it is almost everything. 
A country’s ability to improve its standard of living over time depends almost 
entirely on its ability to raise its output per worker” (Krugman, 1997). Cross-
country differences in income growth and levels are often attributed to the 
differences in productivity (Easterly and Levine, 2000).
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 Productivity has re-emerged at the forefront of economic debate post 
the global financial crisis of 2008. There has been a broad-based slowdown 
in productivity growth in the post-crisis period across advanced economies, 
emerging market economies and low-income countries (Adler et al., 2017). 
While India’s economic growth largely remained resilient amidst a fiscal 
stimulus provided after the crisis, there have been concerns about productivity 
slowdown in the Indian economy (Kumar and Soumya, 2010). 

 The literature in this area mostly focuses on single-factor productivity 
(primarily labour or capital productivity) and multi-factor/total factor 
productivity (TFP) while analysing country-specific productivity. Single-
factor productivity measures provide ease of measurement and comparability 
(OECD, 2001). For example, labour productivity is a better measure for 
examining trends in an economy over a short period or making cross country 
comparisons, as methodologies to construct measures of productivity 
of capital and labour differ significantly across countries (Sargent and 
Rodriguez, 2000). However, single-factor productivity measures provide only 
a partial assessment of productivity (capital or labour) and also reflect the 
joint influence of multiple factors, leading to interpretation problems. On the 
other hand, TFP, though difficult to measure, provides a more comprehensive 
representation. The availability of a productivity database like KLEMS1 (The 
India KLEMS Database, 2019) has made cross-country comparison possible. 
India KLEMS, which follows the methodology of EU KLEMS, allows 
detailed sectoral analysis of productivity.  In a growth accounting framework 
like that of KLEMS, TFP is measured as a residual (ECB, 2007; Jorgenson et 
al., 2007), after adjusting for growth in labour and capital (and if appropriate, 
intermediate inputs). The theoretical foundation of TFP dates back to Robert 
Solow who described it as arising from exogenous technological shock 
(Solow, 1956).  

1  Details of the KLEMS data set are given in Section III of this paper. For a detailed analysis of 
methodology, see the India KLEMS manual Measuring productivity at the industry level: The 
India KLEMS database available at https://www.rbi.org.in/Scripts/PublicationReportDetails.
aspx?UrlPage=&ID=936
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 Against this backdrop, this study explores sectoral productivity trends 
based on the methods and tools used in the India KLEMS database. In order to 
examine the dynamics of TFP growth, the Schumpeterian growth framework 
is used following Aghion and Howitt (2006) and Aghion et al. (2014). The 
Schumpeterian growth theory is based on Joseph Schumpeter’s theory of 
creative destruction wherein productivity growth is an outcome of innovations. 
According to this, TFP growth is a catching-up phenomenon and involves the 
gradual adoption of new technologies by laggards from the leading sectors 
(Morrow et al., 2010). The paper examines productivity spillover across 
industries in the Indian economy to see if there is any evidence of convergence 
and the potential for catching-up.

 The rest of the paper is organised as follows. Section II provides a brief 
on the theory behind measuring productivity. Section III gives an overview 
of the India KLEMS database used in the paper and presents stylised facts on 
recent trends. Section IV discusses the relevant literature. Section V focuses 
on aggregation methodology. Section VI presents a disaggregated sectoral and 
industry-level analysis, while Section VII checks for convergence in TFP in 
India. Section VIII concludes the paper.    

Section II 
Theory

 Productivity, in general terms, may be defined as a ratio of a volume 
measure of output to a volume measure of inputs (OECD, 2001). Among 
different measures of productivity, labour and capital productivity are the 
most commonly used measures of single-factor productivity to understand the 
efficiency of inputs used. Labour productivity is defined as output/ value-added 
per labour hour. It gives an estimate of the efficiency of labour to generate 
output with the available stock of capital. According to neoclassical theory, 
which assumes that returns to factors of production equal to their productivity 
– higher labour productivity is associated with higher returns to labour in the 
form of higher real wages (Dearden et al., 2006). 

 Improvement in labour productivity may occur due to: (a) capital 
deepening (measured as capital stock per worker); (b) rise in efficiency of 
the existing capital stock; (c) improvement in quality of labour supply; and 
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(d) TFP (RBI, 2019). While capital deepening refers to an increase in capital 
stock per unit of labour, efficiency in utilisation of capital may improve due to 
better procedures or technological developments which may, in turn, increase 
labour productivity. In addition, improvement in the quality of labour in the 
form of better education, adequate skill sets and better health outcomes also 
contributes to labour productivity. 

 The residual component TFP, is often considered similar to the 
Hicksian ‘technology’ parameter used in the neoclassical production function. 
Increases in TFP are considered to be equivalent to shifts in isoquants of 
production function (Syverson, 2011). TFP contribution to growth represents 
an increased efficiency in use of inputs, rather than an increased use of input 
themselves (Solow, 1956). Solow explained TFP as arising from disembodied, 
and exogenous technological shock. The subsequent theoretical development 
treated it as arising endogenously from improvement in human capital and 
productive public spending (Barro, 1990; Lucas, 1988; Romer, 1987). In 
addition to technological progress, TFP also includes the impact of various 
other changes in the economy such as government policy decisions, political 
shocks, the impact of technology on wage efficiency and even weather-related 
shocks (Bosworth and Collins, 2008). 

 In contrast to the above, Schumpeterian growth theory relies on the 
notion of creative destruction in explaining the determinants of productivity 
growth. It emphasises the distance from technological frontier as a key driver 
of productivity growth (Aghion and Howitt, 2006). According to Aghion et 
al. (2014), economic growth in the Schumpeterian model, is generated by (i) 
innovations, (ii) entrepreneurial investments, motivated by the possibilities of 
monopoly rents, leading to innovations, and (iii) new innovations replacing 
the older ones through the process of creative destruction. The Schumpeterian 
production function is specified at the industry level, and the aggregate output 
is a simple sum of industry-specific outputs. In this model, innovations can 
interact with each other across sectors; innovations made in one industry 
could be implemented across other industries and laggard industries will try 
to fill the gap from frontier industries. With a suitable policy framework, the 
Schumpeterian model envisages the role of spillovers of innovations and 
catch-up by laggards in increasing aggregate productivity in the economy.
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Section III 
Data and Stylised Facts

 The India KLEMS database is part of a global initiative to promote 
and facilitate analysis of growth and productivity patterns, based on a growth 
accounting framework. The India KLEMS project provides value-added 
based TFP growth and gross output based TFP growth for the period 1981-82 
to 2016-17 at a disaggregated level across 27 industry groups. 

 In line with the National Industrial Classification (NIC)2, the 27 
industry groups include ‘agriculture, hunting, forestry and fishing’, ‘mining 
and quarrying’, the manufacturing sector comprising 13 industry groups, 
‘electricity, gas and water supply’, ‘construction’ and the services sector 
comprising 10 industry groups. The KLEMS database was used to analyse 
productivity at the sectoral level – manufacturing and services – as well as at 
the level of 27 industry groups. 

 Labour productivity measured as output of goods and services per 
worker, has increased sharply in India post-economic reforms in the last 
decade of the twentieth century. From an average growth of 2.0 per cent during 
the period 1981-82 to 1992-93, average labour productivity growth increased 
sharply to 3.9 per cent during 1993-94 to 2007-083. Chart 1 shows that the 
faster growth in labour productivity post-economic reforms was driven by 
higher contributions of capital deepening and TFP. Capital deepening is 
inclusive of the contribution from improvement in efficiency of the existing 
capital stock.

 During the period 2008-09 to 2016-17, average labour productivity 
growth further accelerated to 4.5 per cent from 3.9 per cent during 1993-94 
to 2007-08, with higher contributions from capital deepening even as TFP 

2  The National Industrial (Activity) Classification released by the National Statistical Office 
(NSO) Ministry of Statistics and Programme Implementation is used in all types of censuses 
and sample surveys conducted in India. The first classification was NIC-62 followed by NIC-
70, NIC-87, NIC-98 and NIC-2004. The latest and sixth Industrial Classification namely NIC-
2008 has been developed and released by NSO. 
3  The total sample has been divided into three periods based on structural breaks in the growth 
of labour productivity checked using the Chow breakpoint test. 
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growth decelerated. The deceleration in TFP was mainly due to a contraction 
in TFP in the post-financial crisis period 2008-09 to 2013-14 when TFP 
growth4 declined to -0.1 per cent. It rebounded to 2.6 per cent during 2014-15 
to 2016-17. 

 From 2008-09 to 2016-17, the contribution of capital deepening 
increased by 3.3 percentage points per annum compared with 2.5 percentage 
points per annum during 1993-94 to 2007-08. During this period, the growth 
of capital stock in the Indian economy has been faster than that in the 15-
year period before the crisis while employment growth has slowed down. The 
contribution of labour quality has remained subdued throughout the period 
indicating that labour quality has not kept pace with the changing needs of the 
growing economy. 

 Investment measured in terms of changes in capital stock showed a 
structural shift from 2002-03 onwards, when it started growing consistently, 
reaching its peak in 2007-08 and gross value added (GVA) growth also 
improved during this period (Chart 2). However, growth in capital stock 
during the period 2006-07 to 2014-15 was higher than that of GVA growth, 
reflecting a decline in capital efficiency. At the same time, employment growth 

4  TFP growth and contribution are used interchangeably due to the neoclassical production 
function. 

Chart 1:  Components-wise Labour Productivity Growth 

Source: India KLEMS, RBI.
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decelerated, resulting in an improvement in capital deepening.  Both capital 
stock and employment growth decelerated after 2014-15. With employment 
growth declining sharply and capital accumulation slowing down, TFP drove 
economic growth during 2015-16 and 2016-17. Improvement in TFP growth 
was visible across all the sectors.

Section IV 
Review of the Literature

 The empirical literature on productivity is vast encompassing 
methodology and sectoral analysis. Jorgenson and Griliches (1967) first 
distinguished between the different types of capital and labour inputs, 
thereby extending the interpretation of the Solow residual to ‘non-embodied’ 
technological change. Kuznets (1978) interpreted the Solow residual as 
exogenous technological innovation – a factor that would increase the marginal 
product of both labour and capital in the production process.

 Jorgenson et al. (2007) presented three alternative methods to construct 
economy-wide estimates of sources of growth. They asserted that the 
production possibility frontier, which recognises differences in output prices 
across industries, remains the most appropriate methodology for aggregating 
industry data.

Chart 2: Movements in Capital Stock and Employment

Source: India KLEMS.
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 The studies in India have mostly focussed on aggregate productivity 
dynamics or looked at specific examples of firms, sectors or regions. Sector-
specific studies include productivity in manufacturing (Kathuria, 2000), 
agriculture (Ghatak and Roy, 2007), banking (Fujii et al.,  2014) and trade 
(Topolova and Khandelwal, 2011).

 Krishna et al. (2018) compared TFP rates for both informal and formal 
sectors in the Indian manufacturing sector (13 industries) using the India 
KLEMS database from 1980 to 2011. They found that within the formal 
manufacturing, ‘Coke and Refined Petroleum products’, ‘Food, Beverages 
and Tobacco products’, ‘Chemicals and Chemical products’ industries are 
large contributors to total TFP growth, while within informal manufacturing, 
increases in TFP are driven by ‘Textiles and Leather products’ and ‘Wood 
and Wood products’. Their results showed that TFP rates are much lower in 
informal manufacturing. Comparing the Domar aggregation method with 
the production possibility frontier (PPF) framework, they found that Domar 
aggregation results in lower levels of TFP growth for both the formal and 
informal manufacturing sectors. 

 Das et al. (2014) analysed productivity growth in India during three 
periods: 1980-1989, 1992-1999, 2000-2011, classifying the traditional sectors 
(manufacturing, non-manufacturing and services) into high, medium and low 
intensity (manufacturing), market and non-market (services). They showed 
that market services have seen an improvement in TFP growth in the 2000s 
over that in 1990s with Post and Telecom, Textiles and Transport Equipment 
industries emerging as the best performers during the 2000s.

 Das et al. (2019) and Krishna et al. (2016a) found that capital 
deepening has been the major contributor to gains in labour productivity in 
India since 1980-81. Gains in overall labour productivity have largely accrued 
through market services. They also found the labour reallocation effect in 
India to be positive; and it has increased in the 2000s, suggesting a structural 
transformation which is growth-enhancing.

 Krishna et al. (2016b) compared the TFP growth rates for India and 
China from 1991 to 2012. Their results indicated that the services sector has 
registered a negative contribution to overall TFP, whereas manufacturing 
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and construction sectors have seen positive contributions (except for the 
period 2004-2012) in the case of China. In contrast, aggregate TFP growth 
in India has seen a higher contribution from the services sector, while the 
manufacturing and construction sectors have exhibited lower TFP growth 
during multiple periods. Manufacturing TFP growth has been more stable 
compared to services TFP growth for China, while the opposite is true for 
India. They also noted that China’s service sector TFP growth was impacted 
more in the immediate aftermath of the global financial crisis than that of the 
service sector in India.

Section V 
Aggregation of TFP

 This section examines the various methodologies for aggregating 
industry-level TFP growth and the suitability of these methodologies for 
Indian productivity data. Aggregation of TFP for the entire economy as well 
as for the manufacturing and services sectors is critical for further analysis. 

 The literature discusses three methods to aggregate TFP across 
industries based on Jorgenson et al. (2007): aggregate production function 
(PF) approach, aggregate production possibility frontier (PPF) approach and 
the Domar/direct approach. Of these three approaches, the PF approach is the 
most restrictive, imposing restrictions on both output and input aggregation. 
This approach assumes:

1) There exists a value-added function for each industry which is a 
function of capital, labour and technology.

2) This value-added function is identical across industries and hence 
it can be aggregated across industries. 

3) The functions that aggregate heterogeneous types of capital 
(tractors, computers, etc.) and labour (factory workers, bankers, 
etc.) are the same across industries. 

4) Each specific type of capital and labour receives the same price 
in each industry.
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 Aggregate value added using aggregate PF approach is given as:

 
 where,

 VPF = aggregate value added using aggregate PF approach

 Vi
 = value added in industry i 

 Aggregate TFP growth rate for the economy (The India KLEMS 
Database, 2019) is then calculated as:

 where,

 K = aggregate capital stock in the economy5

 L = quality adjusted employment in the economy6

 , = two-year averages of the income share of capital and labour, 
respectively 

 Here, TFP is calculated as a residual after accounting for changes in 
labour and capital inputs from aggregate value-added.

 The aggregate PPF approach relaxes the second assumption of identical 
value-added functions across industries. By weighing each industry’s growth 
in value added by nominal price component, this approach captures the 
variability in output price for each industry. Growth in aggregate value added 
using PPF approach is given as:

 Where,

  is the proportion of industry i’s nominal value added in total nominal 
value added

 Aggregate TFP growth, in this case, is given as:

 

5  For the purpose of simplicity and clarity we have made use of growth rate of capital stocks. 
However, growth rate of capital services can also be used. For more details, see Erumban and 
Das (2014). 
6  Quality adjusted employment includes changes in labour quality. 
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 Domar/direct aggregation relaxes assumptions 2, 3 and 4, and only 
assumes the existence of a value-added function for each industry. This 
approach is a ‘bottom-up’ methodology – individual industry TFP growth 
rates are weighted by Domar weights7 to arrive at an aggregate TFP growth 
rate. Domar weights usually sum up to more than one, implying that aggregate 
productivity growth will be more than a simple average of industry TFP. TFP 
increase in intermediate industries has a double effect on aggregate TFP: 
a direct increase and an indirect increase in TFP of downstream industries 
through forward linkages and vice versa.

 TFP growth level for industry i and time t is given by the Translog 
production function:

 

  = Gross output or value added 

  = Factor share of input X in output 

  = Input (capital, labour, intermediate goods, etc.)

 The weighted TFP for the economy is calculated as: 

 

 This weighted TFP term, however, assumes same marginal productivity 
in all industries, something that is unlikely to hold in the case of developing 
economies (Wu and Liang, 2018). To counter this fact, ‘labour reallocation’ 
and ‘capital reallocation’ effects are also calculated and reported along with 
the Domar weighted TFP measure to provide a more comprehensive measure 
of aggregate TFP. These terms capture the impact of movement of labour and 
capital from a relatively low productive to high productive industry (or vice 
versa) on aggregate productivity growth in the economy.

Capital reallocation = 

7  Domar weights -   
 where,
  is the proportion of industry i’s value added in total value added
  is the proportion of industry i’s value added in its gross output 
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Labour reallocation = 

 In the Domar/direct aggregation method, TFP is calculated as a sum of 
Domar-weighted industry TFP plus capital and labour reallocation terms. By 
relaxing assumption 4, direct aggregation opens up the possibility of stickiness 
in movements of factor inputs. 

 Using the three approaches, the TFP growth for manufacturing and 
services were aggregated. First, we focus on the PF and PPF approaches 
(where only assumption 2 is relaxed). PF and PPF approach provide almost 
identical measures for TFP growth for the manufacturing sector, while there 
is divergence8 in the aggregated TFP calculated for the services sector using 
these two approaches (Charts 3a and 3c). This suggests that assumption 2 
of identical value added functions might be binding for services but not for 
manufacturing in India. By allowing for different value-added functions across 
different service industries, we get a higher estimate of aggregate services 
TFP. 

 Further, comparing aggregate TFP for manufacturing and services using 
PPF and Domar approaches – where Domar involves relaxing assumptions  
3 and 4 – which require that the functions to aggregate heterogeneous capital 
and labour are same and each specific type of capital and labour receives 
the same price in each industry, divergence was observed in the TFP growth 
estimates for manufacturing sector and minimal or no divergence for services. 
This divergence in PPF and Domar estimates for manufacturing is statistically 
significant9. This might suggest that input types and input markets are more 
heterogeneous for manufacturing than services and factor movements are 
relatively smoother in services. 

 Analysing TFP growth estimates using these three approaches for the 
disaggregated services sector, we find divergence in PF and PPF estimates 

8 However, this divergence is not statistically significant when checked using equality of 
means of absolute growth rates.  
9 t-test and ANOVA F-test for equality of means of absolute growth rates is rejected at 1 per 
cent level of significance.
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for market services10 (not statistically significant) but no divergence for 
non-market services. Further relaxing input market restrictions, we find 
divergence in TFP growth estimates for PPF and Domar approaches for both 
market (statistically significant at 5 per cent level) and non-market services 
(statistically significant at 1 per cent level) (Chart 4). This might suggest 
that while there is some evidence of homogeneity in value-added functions, 
assuming identical functions to aggregate heterogeneous inputs and same 
prices for heterogeneous inputs across industries is restrictive for all service 
industries – market and non-market.

10 Market Services include Trade, Hotels & Restaurants, Transport & Storage,  Post & 
Telecommunication, Financial Services and Business Services. Non-Market Services include 
Public Administration & Defense, Education, Health and Other Services. This classification is 
based on Krishna et al. (2017)

Chart 3: Aggregated TFP Growth in Manufacturing and Services Sectors

Source: India KLEMS, authors’ calculations.

a. Manufacturing- PF and PPF

c. Services- PF and PPF

b. Manufacturing- PPF and Domar

d. Services- PPF and Domar
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 An analysis of labour and capital reallocation effects calculated using 
the Domar aggregation approach provides some interesting insights into the 
Indian economy. Charts 5a and 5b indicate that while there is a positive labour 
reallocation effect for the economy as a whole, such effect is negligible for 
the economy without agriculture. This may be explained by productivity 
boost due to labour moving out of agriculture to manufacturing and services, 
somewhat offset by the assimilation of labour into the construction sector, 
which remains negative contributor to aggregate productivity throughout the 
sample period. Also, while the capital reallocation effect is positive for both 
the economy as a whole and economy without agriculture, it is higher in case 
of the latter (Charts 5a and 5b).

Chart 4: Aggregated TFP Growth in Market and Non-market Based Services 

Source: India KLEMS, authors’ calculations.

a. Market Services- PF and PPF

c. Non-Market Services-  
PF and PPF

b. Market Services- PPF and Domar

d. Non-Market Services-  
PPF and Domar
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 Comparing intra-sectoral reallocation effects within manufacturing and 
services, we find that productivity boost from reallocation of capital is higher 
in both manufacturing and services industries. While the capital reallocation 
effect is volatile within manufacturing, it was positive and growing at a robust 
pace within the services sector during 2002-03 to 2016-17. Charts 5c and 5d 
suggest that despite indication of heterogeneous inputs and inputs markets for 
manufacturing, labour reallocation was positive in this sector. On the other 
hand, there was a very limited labour reallocation effect in services, possibly 
reflecting the distinct nature of activities within the services sector. 

Chart 5: Intra-Sectoral Effect of Labour and Capital Reallocation 

Source: India KLEMS, authors’ calculations.

a. Intra-Economy

c. Intra-Manufacturing

b. Intra-Economy w/o Agriculture

d. Intra-Services
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Section VI 
Disaggregated Analysis

Agriculture, Manufacturing and Services

 This section analyses the contribution of TFP to GVA growth for 
the three broad sectors of the economy - agriculture, manufacturing and 
services. Growth in value-added in the agricultural sector has largely been 
driven by TFP growth, reflecting the lower contribution of factor inputs in 
shaping agricultural performance. This also reflects the residual nature of 
TFP and hence may be reflective of role of factors like the monsoon, policy 
interventions and other shocks in the performance of Indian agriculture. 

 Compared to agriculture, the gap in value-added growth and TFP 
contribution is marked for both manufacturing and services, reflecting the 
higher contribution of labour and capital inputs to valued-added in these two 
sectors. The gap between value-added growth and TFP growth has come 
down for manufacturing but increased marginally for services in the recent 
period 2008-09 to 2016-17. During this period, GVA growth slowed down 
for manufacturing, while TFP contribution grew at a faster pace than the 
earlier period. In the case of the services sector, both value-added growth 
and TFP growth for services increased in the recent period but increase in 
the growth of GVA was higher reflecting the higher contribution of factor 
inputs (Chart 6). 

Industry Groups

 Examining further the productivity growth across industry groups, an 
analytical exercise to understand both the leaders and draggers of aggregate TFP 
growth in the economy among the 27 industry groups is carried out. Harberger 
plots (first called as ‘sunrise diagrams’ by Harberger, 1997) which give a visual 
representation of the contribution of various sectors in overall TFP growth is 
used for the analysis. These plots visually demonstrate the difference in industry 
contributions to TFP growth in comparison to their share in overall GVA. This 
approach has been used by Krishna et al. (2017) to understand how widespread 
or localised productivity growth and changes in growth within the Indian 
economy are. Our results are broadly in line with their analysis for different time 
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periods. We plot Harberger diagrams10 for two periods, i.e., 1993-94 to 2007-08  
(Chart 7a) and 2008-09 to 2016-17 (Chart 7b).

 In the first period (Chart 7a), post and telecommunication, public 
administration and defence, transport and storage, and trade and financial 
services emerge as the leading industries in terms of their contribution to TFP 
growth. These industries, with 23.3 per cent share in GVA, contributed 90 
basis points (bps) to the total TFP growth of 1.16 percentage points during this 
period. Telecom, financial services and public administration were among the 

Chart 6: Contribution of TFP to GVA Growth

Source: India KLEMS, authors’ calculations.

a. Economy

c. Manufacturing

b. Agriculture

d. Services

10 Industries are ordered according to their contributions to aggregate TFP growth. Accordingly, 
industries closer to the origin represent those with the highest TFP contributions to overall TFP 
growth. The blue line represents the average aggregate TFP growth during the period. 
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first adopters of Information and Communications Technology (ICT) in the 
country, and these industries account for the majority of productivity gains in 
the period immediately after the economic reforms.

 Industries, according to their ICT adoption, are usually classified in 
the literature into ICT-using and ICT-producing industries (Ark et al., 2003). 
In industrialised nations, ICT-producing sectors contribute higher to output, 
and also to productivity (both directly and as intermediate input to other 
industries). On the other hand, for developing countries, ICT-using (usually 
concentrated in services sector) have a higher contribution, given that most 
ICT-production occurs in advanced countries (Erumban and Das, 2016).

Chart 7: Contribution to Aggregate TFP Growth (Harberger Plot)

Source: Authors’ calculations.

7a. 1993-2007

7b. 2008-2016
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 In India, ICT adoption has occurred primarily in the services (i.e., ICT-
using sectors), led by the financial services industry (Erumban and Das, 2016). 
Post and telecommunication, one of the earliest to produce and adopt IT/ICT 
technology contributed the highest to TFP growth in the initial part of the 
sample period of this paper. However, in the latter period, their share declined 
due to faster increase in other ICT using industries like business and financial 
services which adopted new technologies - with high levels of human capital 
and positive network externalities being the primary factors (Hall and Khan, 
2003).

 Explaining productivity in public administration is relatively difficult 
since wages in this industry are administered and are not driven by the market. 
Hence, the ratio of output to input does not necessarily reflect productivity 
(Das et al., 2019).

 During the second period (Chart 7b), business services, among the 
second adopters of ICT, emerged as one of the new leaders in driving TFP 
growth and the contribution of financial services and public administration 
further increased. Agriculture with the largest share in value-added individually 
contributed relatively lesser to total TFP growth in both periods. Other than the 
leading industries mentioned above, there are some industries that consistently 
contributed to TFP growth like chemical and chemical products and transport 
and storage. On the other hand, the contribution of some industries like ‘basic 
metals and fabricated metal products’ and ‘electricity, gas and water supply’ 
have declined in the recent period (Table 1).

 The most noticeable decline in TFP contribution during the period  
2008-09 to 2016-17 is seen in the trade and construction industries. These 
two industries have assimilated a large labour force that has moved out of 
agriculture, with construction emerging as more labour absorbing than trade in 
the recent years. Trade and construction together accounted for 43 per cent (17 
per cent and 26 per cent, respectively) of total non-agricultural employment in  
2016-17 (Chart 8). 
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Table 1: Industry Contribution to Aggregate TFP Growth 
(Percentage points)

Industry 1993-94 to 
2007-08

2008-09 to 
2016-17

Difference in 
Contribution

Business Service 0.04 0.21 0.18
Financial Services 0.15 0.32 0.17
Textiles, Textile Products, Leather and Footwear -0.02 0.13 0.15
Public Administration and Defense;  
Compulsory Social Security

0.21 0.36 0.14

Other services -0.09 0.01 0.10
Agriculture, Hunting, Forestry and Fishing 0.15 0.24 0.10
Wood and Products of wood -0.04 0.01 0.05
Education 0.00 0.04 0.04
Rubber and Plastic Products 0.00 0.03 0.03
Chemicals and  Chemical Products 0.05 0.08 0.03
Other Non-Metallic Mineral Products -0.01 0.02 0.03
Manufacturing, nec; recycling 0.01 0.02 0.01
Health and Social Work -0.01 0.00 0.01
Transport Equipment 0.01 0.02 0.01
Pulp, Paper, Paper products, Printing and Publishing 0.01 0.02 0.00
Transport and Storage 0.16 0.16 0.00
Machinery, nec 0.00 -0.01 -0.01
Electrical and Optical Equipment 0.03 0.01 -0.02
Food Products,Beverages and Tobacco 0.03 -0.01 -0.04
Coke, Refined Petroleum Products and Nuclear fuel 0.00 -0.06 -0.05
Mining and Quarrying 0.00 -0.06 -0.06
Hotels and Restaurants 0.04 -0.04 -0.07
Electricity, Gas and Water Supply 0.09 0.01 -0.09
Post and Telecommunication 0.23 0.11 -0.11
Basic Metals and Fabricated Metal Products 0.02 -0.12 -0.14
Construction -0.03 -0.44 -0.40
Trade 0.16 -0.26 -0.42

Source: India KLEMS, authors’ calculations. 

 However, Chart 9 shows that, in the recent years, trade has witnessed 
substantial accumulation of capital and a significant reduction in labour force. 
Accordingly, the growth witnessed in the trade industry is attributed more 
to capital deepening than to contributions from labour or TFP. On the other 
hand, capital deepening in the construction industry has come to a complete 
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standstill during 2008-09 to 2016-17 compared to the previous period. Also, 
without a commensurate increase in the contribution of labour, GVA growth 
has fallen in the construction industry during this period.

Chart 8: Share in Non-Agricultural Employment

Source: India KLEMS, authors’ calculations.

Chart 9: Contribution to Value-added Growth

Source: India KLEMS, authors’ calculations.

9a. Construction

9b. Trade
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Section VII 
TFP Convergence and Spillover

 After analysing the dynamics of productivity in the three major sectors 
and 27 industry groups in the Indian economy, we check for convergence and 
spillover of TFP among industries. As discussed in the section on theory, this 
analysis draws from the Schumpeterian growth theory (Aghion and Howitt, 
2006; Aghion et al., 2014). The methodology used to test convergence is 
similar to Morrow et al. (2010) and Inklaar (2016). The Schumpeterian model 
provides the theoretical foundation for analysing multisectoral convergence 
and spillover of TFP whereby innovations in one sector are built on the 
knowledge of the other sectors (Aghion et al., 2014). The knowledge spillover 
from the ICT industry to other industries is one such example of productivity 
spillover.  Biatour et al. (2011), in the context of Belgium, found positive 
domestic inter- industry research and development (R&D) spillovers on TFP 
growth.

  With a view to look at convergence across industries, two methods are 
followed: i) k-means clustering11 and ii) panel regression. While the former 
checks only for convergence, the latter looks into convergence and spillover 
across industries.

 Under k-means clustering, 27 industry groups are divided into four 
clusters minimising total intra-cluster variance (Appendix Chart A.1), based 
on their average productivity growth in the two time periods 1993-94 to  
2007-08 and 2008-09 to 2016-17. Post and telecommunication was an outlier 
with very high TFP growth in both the periods (not shown in Chart 10 as it is 
placed out of scale on the right top corner) and represented a cluster by itself. 
All the other industries were divided into three clusters shown in yellow, green 
and red colours in Chart 10. The horizontal axis measures average productivity 
growth in the period 1993-94 to 2007-08 while the vertical axis measures 
average productivity growth in the period 2008-09 to 2016-17.

11 K-means clustering is an unsupervised machine learning technique that works iteratively to 
assign each data point to one of K groups based on feature similarity.
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 Among the three clusters, the yellow cluster represents those industries 
whose average TFP growth was low in both the time periods. Industries whose 
average TFP growth has fallen significantly in the second period compared 
with the first period are represented by the red cluster, while the green cluster 
indicates those industries where TFP growth has risen significantly in the later 
period. It must be noted that both green and red clusters had almost equal 
average TFP growth in the first period. While the green cluster has taken off in 
the second period, the red cluster’s TFP growth has been depressed.

 ICT-using industries like financial services and business services form 
part of the green cluster. Further, out of 10 industries with lowest TFP levels 
in 2008-09, five form part of the green cluster while three belong to the yellow 
cluster. This provides the initial motivation for examining convergence as 

Chart 10: Cluster Analysis for Average Productivity Growth in the  
Two Periods (1993-94 to 2007-08 and 2008-09 to 2016-17)

Source: India KLEMS, authors’ calculations.
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industries lagging behind with low levels of productivity in the first period 
experienced faster TFP growth in the second period. This convergence is later 
tested empirically with a panel regression.

 To calculate TFP levels, we make use of the concept of ‘relative TFP’ 
as mentioned in Inklaar (2016). TFP for a given industry is calculated relative 
to the overall economy, treating it as a benchmark. For a given year, the TFP 
level for industry i is given as follows – 

 ln 

 Where, 

 ( ) is the TFP level of industry i, relative to the benchmark 

(the Indian economy)

 ( ) is the relative level of value added

  ( ) is relative level of capital stock

  is the relative level of employment

  is industry i’s share of capital in output, while (1 – ) is the share of 
labour in output. 

 In order to empirically check the convergence and spillover hypothesis, 
a panel regression across industries is estimated in the form of following 
specification given by European Commission (2014). The methodology to test 
convergence is similar to Morrow et al. (2010) and Inklaar (2016).

  .......(1)

 where, 

 TFPi,t = TFP growth of industry i at time t

 TFPgapi,t–1 = log difference between TFP levels for the given industry 
and TFP levels for industry with highest productivity in the year t – 1

 TFPmaxi,t = TFP growth of the industry with highest productivity level 
for a given year t
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 In this specification, TFPgap captures the impact of the convergence 
channel between the leading industry and other industries. A larger negative 
value of TFPgapi implies a wider gap between the industry i and the frontier 
and hence larger potential gain for laggard industry by adopting enhanced 
technology and advanced managerial practices. On the other hand, TFPmax 
captures spillover effects from the leading industry. Our results show that 
the channels of convergence and spillover are contributing to total factor 
productivity growth in India. The negative sign of TFPgap coefficient 
suggests that industries far away from the frontier are growing faster which 
also supports the results of cluster analysis. A positive sign of TFPmax 
coefficient suggests the existence of spillover of TFP from leading industry 
to others (Table 2). Further, coefficient of TFPgap has the highest value in the 
last period which supports the potential of higher TFP growth by assimilating 
improved technologies and managerial practices by the laggard industries. 
The spillover effect was significant all through the sample period, with fastest 
spillover witnessed in the period (2009-10 to 2016-17)12, when financial 
services emerged as the industry with the highest level of TFP. 

12 2008-09 is excluded from the analysis due to abrupt TFP changes amidst the global financial 
shock.

Table 2: Industrial Convergence and Spillover of TFP

Variable 1981-2016 1981-1992 1993-2007 2009-2016
1 2 3 4

TFPGap -0.05* -0.27*** -0.07* -0.43***
(0.023) (0.063) (0.038) (0.107)

TFPmax 0.14** 0.37*** -0.85* 2.76***
(0.619) (0.111) (0.492) (0.577)

Constant -0.07** -0.39*** -0.10** -0.57***
(0.282) (0.091) (0.046) (0.136)

Year fixed effects Yes Yes Yes Yes
Observations 972 324 405 216
R-squared 0.08 0.24 0.07 0.29
Number of Industry 27 27 27 27

Note: Robust standard errors in parentheses.  *** p<0.01, ** p<0.05, * p<0.1

Source: Authors’ calculations.
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 A similar analysis is done separately for the manufacturing and services 
sectors. Both manufacturing and services shows presence of convergence and 
spillover channels (Appendix Table A.1). 

Section VII 
Conclusion

 This paper analysed the trends and dynamics of productivity in India 
during the period 1981-82 to 2016-17. After examining the usefulness and 
suitability of three aggregation approaches for manufacturing and services 
in the Indian context, we identify the industries that have been driving 
productivity growth in India during the last three decades. The findings of 
the paper suggest that the industries which have adopted ICT were the key 
drivers of overall aggregate productivity. The paper also found evidence that 
the channels of convergence and spillover are contributing to the TFP growth 
in India.

 Furthermore, the convergence and spillover analysis showed that 
productivity in India has a high potential to grow at faster rates as there is a wide 
gap in TFP across industries. The industries lagging behind can benefit from 
other industries by adopting better technologies and managerial strategies. 
This is particularly important for the services sector, which has emerged as 
the growth driver of the Indian economy. At the same time, the contribution 
of TFP to services sector growth is lower than other sectors, reflecting that the 
sector is yet to reach its potential. Analysis of factor reallocations calls for an 
enabling environment for free movement of labour and capital across sectors. 
The government can boost productivity through pro-active regulations that 
can facilitate labour and capital reallocation and enable spillover effects from 
leading industries to the laggards.
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Appendix 

Average productivity growth in the two time periods- 1993-2007 and 2008-
16 is used to cluster 27 industries. Elbow chart to select value of k while 
minimising WCSS (within-cluster sum of squares) is shown below.

Chart A.1: The Elbow Method
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Table A.1: Convergence Regressions 

1) Manufacturing 

Variable 1981-2016 1981-1992 1993-2007 2008-2016
(1) (2) (3) (4)

TFPGap -0.105*** -0.339*** 0.133*** -0.593***
(0.021) (0.103) (0.030) (0.090)

TFPmax 0.370** 0.375** 1.274*** 5.375***
(0.124) (0.169) (0.272) (1.374)

Constant -0.075*** -0.519*** 0.227*** -0.315***
(0.017) (0.160) (0.060) (0.063)

Observations 468 156 195 117
R-squared 0.177 0.305 0.187 0.370
Number of Industry 13 13 13 13
Year FE YES YES YES YES

Note: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

2) Services Sector

Variable 1981-2016 1981-1992 1993-2007 2008-2016
(1) (2) (3) (4)

TFPGap 0.021*** -0.103 0.090*** -0.285***
(0.005) (0.084) (0.027) (0.056)

TFPmax 2.405** 1.924 0.487 2.198***
(0.969) (1.241) (0.483) (0.484)

Constant -0.008 -0.088 0.018 -0.331***
(0.013) (0.054) (0.031) (0.071)

Observations 360 120 150 90
R-squared 0.203 0.406 0.283 0.525
Number of Industry 10 10 10 10
Year FE YES YES YES YES

Note: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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