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Motivation and Objective



Motivation and Objective 

•Growth slowdown before COVID-19 pandemic in India, accompanied by sharp decline in TFP
growth rate.

•Aggregate TFP growth post-GFC mainly driven by non-market services (viz. Public admin,
education, social works), while TFP growth in market-based activities deteriorated.

•India’s high growth phase between 2003-04 and 2007-08 was driven by growth in the factors of
production, mainly the stock of capital, while TFP explained only about 15 percent of India’s
aggregate GDP growth.

•These raise doubt about the sustainability of TFP growth in India.

•Globally, the evidence suggests that robust growth in GDP, in the long run, is supported by
sustained growth in TFP

•In the light of the above evidence, this paper examines the structural determinants of TFP growth
in India.



Note: What We Look At

•Structural determinants of TFP growth are those macroeconomic variables that are either directly a
part of the production function or directly associated with the production processes.

•Some variables that we may regard as the structural factors driving TFP growth are: capital
deepening; growth in labour quality; growth in the unit cost of capital; input use intensity;
participation in the global value chains (GVCs) and international trade; use of information and
communication technology (ICT); research and development expenditure; and foreign direct
investment.

•This paper aims at:

- Providing empirical estimates of the influence of these potential determinants of TFP growth in the
Indian economy.

Presenter Notes
Presentation Notes
An analysis at the aggregate economy level is undertaken first, following which an analysis of determinants of TFP is undertaken for the major sectors of the Indian economy, viz. agriculture, manufacturing (split into two parts), infrastructure industries, financial services, other marketed services, and non-marketed services since 1990. For the latter part, a panel data set for seven sectors stated above between 1991 and 2018 is used. 



Review of Literature
Global: Aggregate/Sectoral Evidences

•Kumar and Russel (2002) - Capital deepening.

•Jorgenson and Stiroh (2000), Oliner and Sichel (2000), Jorgenson and Stiroh (2000) -
Investment in ICT and technological progress in high-tech industries in the context of USA.

•Benhabib and Spiegel (2003), OECD (2015), World Bank (2020) – Labour Quality, Human
Capital.

•Maestas, Mullen, and Powell (2016) - Age composition of labour.

•Klasen and Silva (2018), De Jong and Tsiachristas (2008), Loko and Diouf (2014) – Gender
Composition of labour.

Presenter Notes
Presentation Notes
A growing body of literature finds evidence that productivity growth is positively related to higher general investment rates, especially in investments in Information and Communications Technologies (ICT). 



India: Limited to firm-level Evidences (manufacturing)

•De and Nagraj 2013, Dougherty et. al. (2009), Pradhan and Barik (1999), Bhaumik et. al. (2006), 
Topalova and Khandelwal (2011), Goldar et al. (2020), Goldar and Kumari (2003), Das (2016)  

•To the best of our knowledge, ours is the first attempt at estimating these impacts across all 
sectors of the Indian economy, viz. agriculture, industries and services.

Review of Literature (Contd.)



Stylized Facts



•The global productivity growth has slowed down since 2010 
- the slowdown was widespread    
- The global TFP growth declined from 1.5 per cent in 2010 to -0.3 per cent in 
2019. 
- much sharper in case of the emerging and developing economies
- Globally, the slowdown in productivity growth is attributed to weaker
investment, tepid employment generation in developed economies, reduced global
value chain participation, fading gains from the factor reallocation, etc.

•In contrast, India witnessed only a moderate decline in TFP growth in recent
years.

• TFP growth in India, though moderated since 2017, the average growth rate from
2010 to 2019 is estimated at 2.2 per cent, which is much higher than the emerging
market average growth (-0.3 %).
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Decomposition of Growth in India 

Labour Capital TFP GVA

• TFP explained 1/3rd of GVA
growth between 2014 and
2017

• Contribution from TFP
during 2003-2007 was 1/10th

of GVA

• TFP is the driver of
sustained economic growth
in the long-run.



A: TFP displays patterns
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TFP Growth: YoY

Excl. Agri. And non-market services All

Domestic and external factors that influence short-term fluctuation in GDP/GVA 
might be associated with TFP as well.

Presenter Notes
Presentation Notes
The time series on the economy-level TFP growth rates obtained after applying the Hodrick-Prescott time-series filter is shown in the Figure along with the growth rates in the aggregate economy real gross value added (GVA). From an examination of the chart, we may conclude that the TFP growth rate of the Indian economy has been moving in a pro-.The important question is whether the observed pro-cyclicity is merely a statistical artefact or if there are some important factors underlying it. In the study of Field (2010) for the US for the period 1890-2004, it is argued that pro-cyclicity principally emerged from demand shocks interacting with capital services which were relatively invariant over the cycle. Possibly, variations in demand could explain in part the pattern seen for India, the analysis of which is however not attempted in the paper, since the paper is focused on structural determinants of TFP growth. Although that is the case, an outright omission of any demand-side variable would certainly result in bias in our estimates. Therefore, we have proxied the demand side parameters broadly by two variables, which are largely exogenous to TFP growth in India. These are (1) deviation of annual rainfall from the long-period average and (2) annual growth rate of GDP in OECD economies. A broad sectoral analysis suggests that a relatively higher TFP growth in recent years was mainly driven by non-market services such as public administration, defence, education, social works and related services. Right panel chart suggests that TFP growth from market-driven sectors (i.e., when the non-market services and agriculture are excluded) has generally remained higher than the aggregate TFP growth during the high GDP growth phase between FY 2002 and FY 2007. In contrast, during a relatively lower GDP growth phase following the GFC, the growth in aggregate TFP remained higher than those in market-driven sectors. This pattern suggests that during phases of economic slowdown and uncertainty outlook, aggregate TFP growth is largely driven by non-market services where the public sector and agriculture dominate. On the other hand, the contribution of these sectors to aggregate TFP growth often declines during the period of economic boom. Thus, two clear patterns emerge over the medium term as regards the TFP growth in India. They are a higher growth in TFP for India amid the general slowdown across the globe and divergences in TFP growth patterns between market and non-market sectors. These patterns require an examination of the structural factors behind TFP growth. We carry out our empirical assessment in this regard in the following sections. 



B: TFP Growth Correlated with ‘shocks’
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Need to Separate-out to understand a more ‘structural’ TFP Growth

Presenter Notes
Presentation Notes
Before the analysis of the determinants of TFPG is presented, it would be useful to consider the correlation of TFP growth with deviation in rainfall and the growth rate in GDP of OECD countries. This is depicted in the Figure. The correlation coefficients are shown for various 15-year interlocking periods shown against the terminal year. Thus, the correlation coefficient for the period 1982-83 to 1996-97 is shown against 1996-97. In the graph, the correlation coefficients are shown for various periods with terminal years ranging from 1996-97 to 2018-19. The correlation coefficient of TFPG with the deviation in rainfall over the previous 15 years was about 0.6 in 1996 and 1997 and remained above 0.4 till 2013. There was a significant downward trend since then. In 2018, the correlation coefficient between TFPG and the deviation in rainfall during the previous 15-year period was only 0.04. The downward trend in the correlation coefficient between TFPG and deviation in rainfall, which is observed in the graph after 2006 may be attributed to the decline in the GDP share of agriculture and allied activities (a sector that is relatively more impacted by the variations in rainfall) and possibly also to the fact that the dependence on hydel power has declined over time (since one may justifiably assume that hydel power generation will be impacted by the extent of rainfall). Also, the change in the industrial structure from agriculture-based industries to metal-based and chemical-based industries in India over time may have made the effect of rainfall on the economy go down progressively. It is also possible that the agriculture sector has now become more resilient to variations in rainfall. Since agriculture impacts the rest of the economy through demand linkage as well as supply linkage as the provider of agriculture-based inputs for industry, greater resilience of agriculture to rainfall variations is likely to make the rest of the economy also less affected by variations in rainfall. While variations in the growth rate in real GDP of OECD countries are expected to impact TFP growth in the Indian economy, it is unlikely to be impacted by the rate of TFP growth in the Indian economy. Fast growth in the GDP of OECD member countries could impact TFP growth in the Indian economy via other channels such as business confidence and investment flows. It may be seen from the figure that the correlation between growth in GDP of OECD member countries and TFP growth in the Indian economy was relatively higher in the 1980s and 1990s than that during the second half of the 2000s and 2010s. This is perhaps a reflection of the changes in the destination-wise structure of India’s exports. The share of the USA and the European countries in India’s exports was higher in the 1980s than in the 2010s. 



Data and Methodology



The empirical methodology is divided into the following two parts, both having pros and cons:

Aggregate Estimates: Time Series

• Rainfall Deviation

• GDP growth in
OECD

• TFP Growth in
trade-partners

Weakly Endogenous

• ICT Capital

• TFP-Infrastructure

• Public Investment
in Infrastructure

• FDI

Exogenous

Industry Estimates: Panel Data

• TFP in Input Sector

• Exports

• Equipment-
Structure Ratio

Endogenous

• Fixed Investment/
Capital Deepening

• Labour Quality

• Capital
Composition

• Intermediate Inputs

Weakly Endogenous



Models
• Time Series
ARDL Models (Kripfganz and Schneiderand, 2022)

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡 = α + λ𝑡𝑡 + �
𝑖𝑖=1

𝑝𝑝

φ𝑖𝑖𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡−𝑖𝑖 + �
𝑗𝑗=0

𝑞𝑞

β𝑗𝑗𝑋𝑋𝑡𝑡−𝑗𝑗 + η′𝑍𝑍𝑡𝑡 + 𝑢𝑢𝑡𝑡

• Panel Data
Pooled Group Mean Estimation (Pesaran, et. al. (1999))
�𝑡𝑡𝑡𝑡𝑡𝑡𝑘𝑘,𝑡𝑡 = 𝛼𝛼 + 𝛽𝛽 ∗ �𝑡𝑡𝑡𝑡𝑡𝑡𝑘𝑘,𝑡𝑡

𝑖𝑖𝑖𝑖 + 𝛾𝛾 ∗ 𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡𝑒𝑒𝑘𝑘,𝑡𝑡 + 𝛾𝛾 ∗ log(𝑥𝑥𝑘𝑘,𝑡𝑡) + 𝑢𝑢𝑖𝑖𝑡𝑡

2SLS Instrumental Variable
�𝑡𝑡𝑡𝑡𝑡𝑡𝑘𝑘,𝑡𝑡 = 𝛼𝛼 + ∑𝑙𝑙=13 𝛽𝛽𝑙𝑙 �𝑡𝑡𝑡𝑡𝑡𝑡𝑘𝑘,𝑡𝑡−𝑙𝑙 + ∑𝑙𝑙=01 𝛾𝛾𝑙𝑙 �𝑘𝑘𝑘𝑘,𝑡𝑡−𝑙𝑙 + ∑𝑙𝑙=01 𝛿𝛿𝑙𝑙 �𝑙𝑙𝑒𝑒𝑘𝑘,𝑡𝑡−𝑙𝑙 + ∑𝑙𝑙=01 𝜎𝜎𝑙𝑙 �𝑘𝑘𝑒𝑒𝑘𝑘,𝑡𝑡−𝑙𝑙 + µ �𝑖𝑖𝑖𝑖𝑘𝑘,𝑡𝑡−2 + £ �𝑣𝑣𝑣𝑣𝑘𝑘,𝑡𝑡−2 +
𝑦𝑦𝑒𝑒𝑣𝑣𝑒𝑒𝐹𝐹𝐹𝐹 + 𝑒𝑒𝑒𝑒𝑠𝑠𝑡𝑡𝑠𝑠𝑒𝑒𝐹𝐹𝐹𝐹 + 𝑢𝑢𝑘𝑘,𝑡𝑡



Data-sets
Time Series Analysis:

• India KLEMS
• Economic and Political Weekly Research Foundation (EPWRF) - Rainfall
• OECD, World Bank
• India’s National Account Statistics
• Penn World Table 10.0

Panel Data Analysis:
• KLEMS database
• CEIC
• Input-Output Table 2015-16



Results: Time Series
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Fig. 6: TFP growth rate of the Indian economy
and the ARDL model fitted value
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How much of TFP estimates are ‘shocks?’: ARDL Fitted Values

• ‘Shocks’ explain significant part of estimated TFP growth in India KLEMS.

• Residuals (orange line in right chart) represent a more ‘structural’ TFP growth. It shows 
gradual improvement over decades.











Results: Panel Data



Data Description

Sectors:

• Agriculture and allied
• Infrastructure
• Low-tech Manufacturing
• Med- to high-tech Manufacturing
• Market Services
• Non-market services
• Financial Services

Instruments (for 2SLS IV):

• Investment Growth: Growth in 
Intermediate Inputs

• Labour Quality: Lagged 
Labour/Capital Ratio

• Capital Composition: Lagged 
Investment Growth









Summing Up
• Exogenous ‘shocks’ like GDP growth in OECD and rainfall deviation explain much of 

fluctuation in TFP growth

• The TFP growth after accounting for these ‘shocks’ are more stable and improved over 
decades.

• Investment and productivity in public infrastructure, ICT capital, external openness 
(exports and FDI) and labour quality are associated with higher TFP growth.

• Increase in a sector’s TFP growth has second-round effect on another sector when used as 
inputs.



Summing Up (Contd.)

• Capital Deepening is associated with improved TFP growth in manufacturing and 
market-services. For other sectors (agriculture, mining, infrastructure, public 
service etc.), we do not observe any significant association.

• Capital Composition is associated with improved TFP growth rates in market 
services and financial services only.



Thank You
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