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PURPOSE AND ORGANIZATION

This 14th India Policy Forum 2017–18 Volume comprises papers and 
highlights of the discussions at the India Policy Forum (IPF) held in New 
Delhi on July 11–12, 2017. The IPF is organized by NCAER, the National 
Council of Applied Economic Research, India’s oldest and largest independ-
ent think-tank. 

The IPF promotes original economic policy and empirical research on 
India. The IPF commissions both empirical research and policy-focused 
expert reviews, the latter themselves based on robust, original research. 
It provides a unique combination of intense scholarship and policymaker 
engagement at the annual IPF Conference that reviews this research, leading 
to its eventual publication in this international journal. 

An international Research Panel of India-based and overseas scholars with 
an abiding interest in India supports this initiative through advice, active 
participation at the IPF Conference, and the search for innovative papers 
that promise fresh insights. An international Advisory Panel provides overall 
guidance. Members of the two IPF panels are listed below. 

Papers appear in the annual IPF Volume after revisions based on IPF 
discussants’ comments, a lively floor discussion, and the editorial guid-
ance provided by the editors of the India Policy Forum Volume. To allow 
readers to get a sense of the richness of the conversations that happen at 
the IPF, discussants’ comments are included here as delivered at the IPF, 
as is a summary of the floor discussion on each paper. The papers and the 
associated comments represent the views of the individual authors and do 
not imply agreement by the Governing Body, officers, or staff of NCAER 
or by members of the IPF panels. 

The Annual IPF Lecture for 2017 was delivered on July 11th to 
a packed audience by Professor Lant Pritchett, Professor of the Practice 
of International Development at Harvard’s John F. Kennedy School of 
Government and Senior Fellow at the Center for Global Development. 
Pritchett spoke on “Avoiding the morning-after blues: Building state capa-
bility while times are good.” 

In recent years the IPF has also featured an IPF Policy Roundtable that 
allows a timely discussion of policy issues around topics of current policy rel-
evance but where no papers are presented. The 2017 IPF Roundtable focused 
on “Financial Inclusion and Beyond: Understanding Indian Household 
Finance”. The names of the Roundtable panelists and the moderator can be 
found at the end of the Editors’ Summary. 



vi IND IA  POL ICY  FORUM,  2010–11

ADVISORY PANEL*

Shankar N. Acharya Indian Council for Research on International 
Economic Relations

Isher J. Ahluwalia Indian Council for Research on International Economic 
Relations

Montek S. Ahluwalia Former Planning Commission of India
Pranab Bardhan University of California, Berkeley
Jagdish Bhagwati Columbia University and NCAER
Barry Bosworth Brookings Institution
Willem H. Buiter Citigroup
Stanley Fischer Former Board of Governors of the U.S. Federal Reserve 

System 
Vijay Kelkar NIPFP and India Development Foundation
Mohsin S. Khan Atlantic Council
Anne O. Krueger SAIS, Johns Hopkins University
Ashok Lahiri Bandhan Bank
Rakesh Mohan Yale University
Arvind Panagariya Columbia University 
Raghuram Rajan University of Chicago Booth School of Business
Urjit R. Patel Reserve Bank of India
Shekhar Shah NCAER
T. N. Srinivasan Yale University and NCAER
Nicholas Stern London School of Economics & Political Science
Lawrence H. Summers Harvard University

RESEARCH PANEL*

Abhijit Banerjee Massachusetts Institute of Technology
Kaushik Basu Cornell University and NCAER
Surjit S. Bhalla Prime Minister’s Economic Advisory Council and NCAER
Mihir Desai Harvard Business School
Shantayanan Devarajan World Bank and NCAER
Esther Duflo Massachusetts Institute of Technology
Subir Gokarn International Monetary Fund
Jeffrey S. Hammer Princeton University and NCAER



Contents vii

Vijay Joshi Merton College Oxford
Devesh Kapur University of Pennsylvania
Kenneth M. Kletzer University of California, Santa Cruz
K. P. Krishnan Government of India
Robert Z. Lawrence Harvard Kennedy School
Lant Pritchett Harvard Kennedy School 
Rajnish Mehra Arizona State University
Dilip Mookherjee Boston University
Karthik Muralidharan University of California, San Diego and NCAER
Ila Patnaik National Institute of Public Finance and Policy
Indira Rajaraman Former 13th Finance Commission
M. Govinda Rao Former14th Finance Commission, NIPFP, and NCAER
Nirvikar Singh University of California, Santa Cruz 
Rohini Somanathan Delhi School of Economics
Tarun Ramadorai Imperial College London and NCAER
Ajay Shah NIPFP
Arvind Virmani Chintan

*All affiliations are as of April 2018.

PARTNERS

NCAER gratefully acknowledges the generous support for IPF 2017 from 
HDFC Ltd, Reliance Industries Ltd, State Bank of India, and Citibank N.A. 
Their support reflects the deep commitment of the enlightened leadership 
of these organizations to rigorous, independent, economic policy research 
that helps promote more informed policy debates and evidence-based 
policymaking in India.

CORRESPONDENCE 

Correspondence about papers in this IPF Volume should be addressed 
directly to the authors (each paper contains the email address(es) of the cor-
responding author(s)). All author affiliations in the papers are as of the IPF 
Conference. Unsolicited manuscripts are not accepted for review because 
the IPF Volume is devoted to invited contributions. Feedback on the IPF 
Volume itself may be sent to: The Editor, India Policy Forum, NCAER, 11 
Indraprastha Estate, New Delhi 110002, or by email to ipf@ncaer.org. More 
information on the IPF is available on www.ncaer.org.



viii IND IA  POL ICY  FORUM,  2010–11

THE IPF TEAM

NCAER is responsible for development, planning, organization, and pub-
lication for the India Policy Forum. The Editors and IPF Panels are deeply 
grateful to the following NCAER staff for their dedication and hard work 
on the 2017 IPF: 

Akansha Dubey  Special Assistant to the Director-General 
Sudesh Bala  Team Lead and overall coordination
Anupma Mehta Editing 
Jagbir Singh Punia Publication
Sangita Chaudhary Team assistance
P. P. Joshi Hospitality and logistics
Praveen Sachdeva Conference production and graphics



ix

Editors’ Summary

The India Policy Forum (IPF) marked its 14th year with its conference 
in New Delhi on July 11–12, 2017. The primary goal of the IPF is 

to promote original policy and empirical research on India. The annual IPF 
Conference provides a unique combination of intense scholarship and com-
mentary on the research and a focus on its policy implications. The revised 
papers are published in this journal and benefit from a wide international 
readership. Over the years, interest in India has grown to the point where 
there is now much more original research on India appearing in international 
economic journals. The IPF has also changed, making room for more policy-
focused review articles that seek to define the best policy advice based on the 
most robust, empirical research available. It has also added more roundtable 
discussions of key policy issues dominating Indian economic policymaking 
and the economy in recent years. This journal edition of the India Policy 
Forum contains the five 2017 IPF Conference papers, the comments of the 
formal paper discussants, and a summary of the floor discussion of each 
paper. Videos of the entire Conference, including the panel discussions and 
the Annual IPF Lecture, are available on www.ncaer.org. 

The Solvable Challenge of Air Pollution in India 

More than 660 million residents of India breathe air that exceeds National 
Air Quality Standards. Research indicates that bringing air quality in com-
pliance with these standards would increase life expectancy by an average 
of one year across India. Despite India’s severe environmental challenges, 
implementing policies that can effectively reduce pollution has proven hard. 
Environmental regulation in India has largely used so-called ‘command-and-
control’ instruments, including technology mandates, bans on production 
processes, and absolute emissions standards. Getting such regulation to work 
has proved politically and administratively challenging for the government. 
And it has simultaneously imposed high costs on industry and the public. 

This paper by Michael Greenstone, Santosh Harish, Rohini Pande and 
Anant Sudarshan reviews the empirical evidence from within and outside 
India to show that command-and-control regulatory instruments often suffer 
from non-compliance and have limited effectiveness in reducing pollution. 
The examples cited in the paper relate mostly to industrial pollution because 
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the official Indian regulators primarily target industrial emissions. The paper 
does discuss vehicular pollution by looking in detail at the impact of Delhi’s 
2016 “Odd-Even” car-rationing pilot as a recent and prominent example of 
a command-and-control program. 

Emissions standards are the most common regulatory instruments in 
India, but little is known about how effective they are due to the opacity and 
inaccessibility of regulatory data. Using recent primary data on polluters, and 
regulatory data that was digitized, the authors find that non-compliance rates 
are staggeringly high (50 percent or higher), reflecting the serious capacity 
constraints the regulators face. 

Technology mandates that specify equipment and processes to be used are 
easier to enforce, but have produced mixed results since it is hard to observe 
or enforce regular maintenance and calibration. Studies find that programs 
like mandatory retrofits of catalytic converters in vehicles, conversion of 
diesel-run public transportation to compressed natural gas, and even Supreme 
Court mandates on pollution control equipment in industries as part of Action 
Plans have sometimes been successful in reducing emissions. However, using 
primary data collected together with India’s Central Pollution Control Board, 
the authors show that installation of pollution control equipment alone does 
not guarantee compliance in practice or reduction of pollution. 

The most severe and expensive regulatory actions are ones that involve 
banning or restricting the operations of specific categories of polluters, 
independent of actual emissions. Bans have often been deployed as a reac-
tion to government failures to satisfactorily regulate pollution in the first 
instance, for example by failing to ensure that manufacturing plants install 
and use pollution control equipment. By stopping an economically produc-
tive activity, such instruments have high net social costs. The driving ration-
ing program (the so-called ‘Odd-Even’ experiment) implemented in Delhi 
over a fortnight each in January and April 2016, is a prominent example of 
attempting to restrict polluting activity.

The program mandated that passenger cars with odd (even) numbered 
license plates could be used only on odd (even) numbered dates from 8 am 
to 8 pm. Unusually and creditably, the scheme was introduced as a pilot, 
even if it was not explicitly designed for rigorous impact evaluation. The 
scheme witnessed unusually high media coverage involving very divergent 
assessments of success. The authors undertake a careful assessment of the 
impact of the driving restriction on local air pollution, using a difference-in-
difference approach, and find that relative to its neighboring areas outside 
city boundaries, fine particulate concentrations in Delhi’s air were lower 
by roughly 24–36 micrograms/m3 during January, signifying a reduction 
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of about 13 percent. These reductions were largest in the mid-morning 
(11 am–2 pm), and no gains were seen in air quality at night (when rationing 
was not in effect). In contrast, Delhi’s air did not show any quality gains 
relative to its neighboring cities during the April phase of the program. The 
difference in results is likely due to meteorological factors: atmospheric 
dispersion is faster when the weather is warmer, making local emissions 
reduction benefits less perceptible as improved air quality. This suggests 
that the program may be an effective emergency measure during high smog 
days in the winter, and that it is not an effective program for the entire year 
or as a long-term measure.

On regulatory compliance, another prominent gap in regulatory knowl-
edge is around the costs of pollution abatement and how alternative instru-
ments compare with each other. Using an engineering economic model, and 
a novel dataset on emissions levels, abatement equipment, and emission 
volumes from over 300 industries in the Surat industrial cluster, the authors 
find that abatement costs are surprisingly modest with existing concentration 
standards, since many industries have already invested in the capital costs of 
the abatement equipment. There is however substantial heterogeneity across 
plants in their emissions. With a cap-and-trade regime, taking advantage 
of the heterogeneity, there is an estimated reduction in average abatement 
costs by 39 percent. 

The paper discusses three important factors that might form the foundation 
of more effective regulation: (a) improving the reliability and transparency of 
data, (b) designing instruments that properly account for the incentives of those 
affected by regulation, and (c) encouraging a culture of piloting and testing 
regulatory innovation, as a prelude to scaling up good ideas.

Disclosure programs like the Toxic Release Inventory in the US, and 
Program for Pollution Control, Evaluation and Rating in Indonesia, have 
been found to be successful in reducing emissions through a combination 
of public and peer pressure. The paper outlines the first such initiative in 
India—the Maharashtra Star Rating Programme—being implemented by 
the Maharashtra Pollution Control Board. As a general principle, disclosure 
and transparency are most effective when coupled with high quality data. 
Recent field experiments in Gujarat that involved the authors demonstrate 
the limitations of both regulatory inspection and third party audits. The gaps 
in inspection capacity once again underscore the need for urgent expansion 
of pollution control board staff and for increasing budgets. An important 
development in the last few years has been the installation of Continuous 
Emissions Monitoring Systems, which if calibrated and used well, could 
lead to a radical improvement in regulatory data. 
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Indian enforcement of emission standards is limited due to the nature of 
environmental law in India, which treats non-compliance with regulatory 
standards as a criminal offense. This forces the regulators to rely on other, 
milder forms of enforcement, like temporary closures. The economic inef-
ficiencies of command-and-control mean that the net costs of achieving 
desired environmental objectives can be high. The authors discuss examples 
of market-based instruments in different parts of the world and argue that 
India should now experiment with these methods. Although they focus on 
local pollution, experience with markets to regulate pollutants might become 
even more valuable as India attempts to fulfill its Intended Nationally 
Determined Contributions. They argue that compliance and hence enforce-
ment may improve if regulations are designed in a manner that is compatible 
with the incentives of the regulated entities.

The paper ends with a discussion on the need to pilot and rigorously 
test regulatory innovations. It outlines a few ongoing projects where some 
of the authors are working with state pollution control boards in India to 
experiment with new interventions. 

A Deep Dive into State Budgets in India

This paper by Neelkanth Mishra and Prateek Singh points out that the 
importance of state governments in the economy has increased rapidly in 
the past few years: their combined spending had increased to 18 percent 
of GDP (Budget Estimates (BE)) for FY2018 compared to 14 percent in 
FY2012. From spending 6 percent more than the Centre in FY2011, the 
states were budgeted to spend 87 percent more than the Centre according 
to the FY2018 BE. The significant increase in Central transfers to the states 
is well understood, as is the fact that states have also enjoyed a larger fiscal 
space created by rapid nominal GDP growth even as the fiscal deficit ratio 
remained below 3 percent. But not as well known is that states’ own taxes 
have funded more than a third of the `19 trillion increase in expenditure in 
this period. In recent years, the forces driving the divergence in expenditure 
growth between the Centre and the states seem to be waning: the gap in the 
expenditure growth rates between the Revised Estimates (RE) for FY2017 
and the BE for FY2018 is smaller.

There has been much concern in the recent past on the profligacy of state 
governments undoing the fiscal consolidation at the Centre. Bond traders 
as well as forward-looking economic commentators have been surprised by 
the rising share of State Development Loans (SDLs) in government bond 
issues. While the pick-up in state fiscal deficits has indeed slowed down 
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improvements in the general government deficits, the authors find that the 
reality is less worrying. 

Under provisions of Article 293(3) of the Constitution, states cannot 
borrow without the Centre’s permission, and thus the latter can enforce 
fiscal deficit targets. In reality, states’ expenditures are derived as a sum of 
receipts and the prescribed fiscal deficit. Challenges remain on state taxation: 
there appears to be significant unexploited potential for tax collection even 
in the taxes administered by state governments. Most of the improvement 
in state taxation seems to be on VAT, which contributed to 60 percent of 
own tax revenues. States have benefited from windfall gains as rising retail 
fuel prices have boosted ad-valorem taxes. However, they appear to have 
been lax on both non-VAT taxes (like property tax), as well as on non-tax 
revenues: the shares of both of these in own receipts have been falling 
steadily over the past three decades. Moreover, non-VAT taxes and non-tax 
revenues are also much more concentrated in a few states, indicating insuf-
ficient penetration. Recent attempts by Telangana to use receipts from land 
sales have not seen much success due to conflicts on land titles and other 
legal issues, but indicate some fresh thinking. Perhaps the perceived lack of 
flexibility post-GST can push state governments into more innovative taxes.

While it is clear that many areas that are state subjects, like urban infra-
structure, irrigation, state highways and drinking water, are in need of sub-
stantial capex, the authors note that states with higher revenue expenditure 
shares are also more productive. While causality is likely to be bi-directional, 
it cannot just be a coincidence that all states with small governments have 
below average per capita GSDP, and vice versa, with only a few excep-
tions. The authors believe that this is because governments in India are 
sub-optimal in size in everything from policing to teaching: in under-sized 
governments, the increase in revenue expenditure can sometimes be much 
more productive. 

Capex is 17 percent of the FY2018 BE spending, lower than the all-time 
high of nearly 20 percent in FY2016, but is still among the highest seen 
in the last three decades. The ratio varies significantly: from less than 10 
percent in Kerala to nearly 25 percent in Telangana. Most states that have 
below average capex ratios, like Kerala, Maharashtra and Tamil Nadu, have 
above average per capita GSDP. 

The authors suggest that the apprehension that the focus on social spend-
ing could be lost as the baton is handed to the states seems to be misplaced. 
Revenue spending on education has risen to `4.9 trillion (2.9 percent of 
GDP, up from 2.0 percent a decade ago), and social welfare spending has 
also climbed to ̀ 2.7 trillion (1.6 percent of GDP). It is true though that per-
student expenditure is too low and the pupil–teacher ratio too high for states 
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like Uttar Pradesh and Bihar, despite these states spending 4–5 percent of 
GSDP on education, highlighting the fiscal challenge of raising productivity 
in the economically weaker states. 

The authors also find that the share of interest cost in overall expenditure is 
disconnected from the indebtedness of the state measured by its debt to GSDP 
ratio. This is mainly because poorer states have a higher expenditure to GSDP 
ratio, as a large portion of their receipts come from the Centre. This may also 
be another reason for the lack of correlation between a state’s indebtedness and 
its borrowing cost. At an aggregate level, interest costs are now 10 percent of 
the total expenditure (as compared to 19 percent in FY2005), a three-decade 
low. Debt to GSDP has risen in the last two years due to the Ujwal DISCOM 
Assurance Yojana (UDAY), but a debt trap is unlikely except for a few states.

Despite the periodic implementation of Pay Commission recommenda-
tions, the share of salaries in total expenses has been falling steadily, and 
does not provide grounds for concern. Pensions on the other hand, are ris-
ing very rapidly, particularly as the number of retirees grows. Lack of data 
prevents assessments of future pension liabilities, but this can be a signifi-
cant risk for state budgets. While only four states have so far implemented 
the 7th Pay Commission recommendations, and two more are planning to 
do so in FY2019, increases so far have been lower than seen in the 6th Pay 
Commission, and may not be as debilitating to state budgets as feared. The 
authors maintain that all put together, the combination of non-discretionary 
expenditures like salaries, pensions and interest costs is at a worrying level 
only for a few states like Punjab and Kerala. 

Finally, the authors observe that the budgeting capacity and accuracy of 
state governments is weak, and has been worsening in the past few years. 
For three consecutive years during FY2013–15, final state expenditures 
were more than 1 percentage point of GDP lower than budgeted. Uncertainty 
around Central transfers had increased meaningfully in those years, as the 
Centre’s attempt to consolidate fiscally had caused payments to get pushed 
out to subsequent years. This is exacerbated by the timing of these trans-
fers: a large quantum is due in the last month of the fiscal year, creating 
unnecessary volatility. 

Role of Imported Services in India’s Linkages into Global Value Chains

This paper by Bishwanath Goldar, Rashmi Banga and Karishma Banga high-
lights the growing importance of services in global value chains (GVCs) and 
stresses the need for a more efficient provision of services to manufacturing 
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exports if India is to expand its role in GVCs. Although there is a growing 
literature on the ‘servicification’ of manufactures and the increasing use of 
services in manufacturing trade, research on services import content in manu-
factured exports remains limited for India. Using the Trade in Value Added 
(TiVA, OECD) database and World Input-Output Database (WIOD), the paper 
shows that the imported content of services in manufacturing exports of India 
is much lower than that of the world average as well as that of comparable 
developing countries. The WIOD data show that most of the industries that 
are found to use lower services foreign value added (FVA) in their exports 
are export-intensive industries, like computers, electronic and optical prod-
ucts; electrical equipment; food products, beverages and tobacco products; 
furniture; wearing apparel and leather products; and other manufacturing.

To examine whether low imported services content in manufacturing 
exports has affected export intensity in India, the paper estimates an econo-
metric model of export intensity and a similar model of the decision to export 
for Indian manufacturing firms using firm-level panel data from 2000–01 
to 2014–15. The key question investigated is whether the increased use of 
services input, particularly imported services, motivates more manufacturing 
firms to enter the export market and whether it leads existing exporters to 
export a higher proportion of their output. The use of two alternate model 
specifications of export behavior helps in assessing the impact of TFP and 
services input on the extensive margin of exports (the proportion of firms 
engaged in exporting) and the intensive margin of exports (the share of 
production that is exported). 

The results provide evidence that services, and especially imported ser-
vices, provide an edge to exporters for operating in international markets by 
positively impacting their export intensity. Another econometric exercise 
estimates the export intensity model for a particular subset of manufacturing 
industries, namely those that are marked by relatively greater presence of 
GVCs: this provides a robustness check on the findings. 

The results of the three econometric exercises are similar in measuring the 
impact of services inputs on the export performance of Indian manufactur-
ing firms. They indicate that: (a) increased use of services inputs raises the 
export intensity of individual firms, and this impact gets higher as the share 
of imported services in total services increases; and (b) firms that have higher 
ratios of services input to sales are more likely to enter export markets, and 
this positive effect of using services on the probability of engaging in exports 
is greater for firms that have higher shares of imported services.

The authors find that the share of imported services in total value of 
services purchased by manufacturing firms is only about 1.2 percent. Most 
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manufacturing firms do not use any imported services. On the other hand, 
manufacturing firms are importing some 14 percent of the total value of 
raw materials, stores and spares. The authors treat this divergence between 
the import shares of materials and of services as a sign of restrictions on 
services imports in India.

With their finding that imported services play an important role in enhanc-
ing export performance, the authors disaggregate services to identify those 
used the most in Indian and other developing country manufactured exports. 
These turn out to be business services, including telecom and computer ser-
vices, and professional services such as R&D, consulting, advertising and 
marketing, banking, legal, accounting, technical testing, and environmental 
services. These services, designed to improve firm productivity and reduce 
costs, have been referred to as ‘horizontal’ services in the literature. These 
services are found to be more efficient and less costly when outsourced. 

The authors then undertake a Leontief decomposition of manufacturing 
exports to estimate the FVA of 38 disaggregated services in the exports 
of (a) computer, electronic and optical products; (b) manufactured food 
products, beverages and tobacco products; and (c) manufactured textiles, 
wearing apparel and leather products. They compare the FVA of these 38 
services with those of others. The results show that in computer, electronic 
and optical products, and in textiles, wearing apparel and leather products, 
Indian exports use relatively less of horizontal services like wholesale, retail, 
financial and legal services as compared to other countries. This disaggre-
gated analysis shows that it is mainly horizontal services like financial, legal, 
accounting, wholesale and retail services that are imported less compared 
to vertical services in the three export-oriented industries.

The authors argue that the low horizontal services FVA in exports of 
these export-oriented Indian industries is due to higher Indian trade restric-
tions in these services compared to other developing countries. The Services 
Trade Restrictiveness Index (STRI) estimated by OECD in 2015 is less 
trade-friendly in 19 out of 22 services sectors in India. The highest STRI 
scores for India are for services like accounting, legal and rail freights. 
Imports of accounting and auditing services are banned as these services 
are reserved for Indian nationals only and require a license. Legal services 
are also reserved similarly for Indian lawyers. Corporates or partnerships 
with foreign firms are not allowed in these services. Only ‘fly-in-fly-out’ 
access is provided to foreign legal services providers to provide legal 
advice. In spite of many attempts to liberalize these services in India, they 
still remain highly restrictive. 
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The paper puts forward a case for liberalizing horizontal services in 
India to boost manufacturing exports. Further, the paper suggests that trade 
restrictiveness in these services may also adversely impact their exports 
from India. Trade agreements have largely left out these services so as to 
protect them from foreign competition. A pro-active approach in forging 
Mutual Recognition Agreements in legal, accounting and financial services 
in trade agreements is needed in order to provide opportunities for Indian 
lawyers, accountants, and auditors to participate more in GVCs and export 
their services to other countries that recognize their qualifications. 

The Promise and Challenges of Implementing ICT in Indian Agriculture

The 2017–18 Union Budget increased funding for the agricultural sector by 
24 percent and set an ambitious goal of doubling farmers’ incomes within the 
next five years. The Central Government’s Soil Health Card (SHC) scheme 
is an important part of this strategy, with a budget allocation of more than 
$100 million over three years, a plan to set up soil testing laboratories in 
all 648 Krishi Vigyan Kendras, and a goal to deliver customized fertilizer 
recommendations to every farming household in the country by 2018.  

This paper by Shawn Cole and Garima Sharma examines several steps 
along a theory of change in which soil testing leads to informed farmers, 
alternative input choices, and higher yields at lower cost. Specifically, the 
paper evaluates the accuracy, accessibility, and comprehensibility of SHCs. 
It also tests and documents how the use of ICT might improve this specific 
but quite important undertaking to enhance agricultural productivity.

On SHC accuracy, the research in this paper suggests a need to cross-
validate the results of soil tests to ensure that farmers receive consistent 
and trustworthy recommendations. The authors uncover low correlation 
(0.03–0.08) between publicly available results of soil health cards in Gujarat 
and independent soil tests commissioned for the same plots of land. This 
low correlation is robust to restricting the sample to only recent tests, and is 
much lower than the 0.5–0.7 test-re-test correlation observed in other parts 
of the world (like Kenya). More promisingly, they find higher correlation 
(0.4–0.66) between two independent soil tests for the same plot that are con-
ducted within a month of each other using standard practices. This indicates 
that, subject to uniformity in the sampling technique and a short enough 
window of time within which two samples are collected, recommendations 
can be at least verifiably consistent. An important policy implication of the 
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findings is that a substantially improved or different methodology may be 
necessary to ensure that the current SHC scheme provides correct and useful 
information to farmers.

On accessibility, the authors document significant gaps in current exten-
sion, which relies heavily on in-person visits. India-wide, only 6 percent 
of farmers report receiving technical advice from an agricultural extension 
worker. In a sample of 550 farmers in Gujarat, only 11 percent report ever 
having had soil tests, and about half of this number report having ever 
received a soil test report (though government records suggest Gujarat has 
achieved 59 percent of the targeted distribution of SHCs). The authors also 
find that, on average, farmers are using very different fertilizer mixes than 
recommended by the average soil test.

In the absence of reliable information on how to manage soil fertility, 
farmers tend to rely on agro-dealers and farmer friends for agricultural 
advice—this pattern is true not just for Gujarat, but nationwide. An auditing 
exercise conducted with 36 agro-dealers in Gujarat raises some concerns 
about the quality of advice provided by commercial agents, who may be 
incentivized by a profit-maximizing motive. Agro-dealers or other farmers 
might also themselves not have access to up-to-date and accurate informa-
tion on appropriate input use.

In such a setting, the authors are encouraged by the high rates of mobile 
penetration (over 70 percent in a majority of states) to explore how the use 
of ICT might aid the SHC scheme. Through a field experiment with 550 
farmers, they investigate how an understanding of and trust in SHC recom-
mendations evolve when farmers are just shown a soil health card, compared 
to when they are provided with a simplified soil card, accompanied with 
either audio, visual or in-person explanation of its contents. While they find 
that initial comprehension of soil health cards is low, with only 2–8 percent 
of farmers being able to decipher recommendations, this rises by 38–55 
percentage points with the additional advisory. 

When benchmarked against in-person extension, audio and video supple-
ments perform comparably both in terms of enabling comprehension of SHC 
recommendations and eliciting trust in their accuracy. They perform signifi-
cantly better on both measures than just providing a farmer with an SHC. The 
experiment also suggests that these approaches might hold particular promise 
in reaching illiterate farmers, who comprise 32 percent of all farmers.

The paper thus concludes that, at least in this context, ICT-based 
approaches offer a promising complement to a strategy of distributing SHCs, 
provided the information on them is correct. However, the paper ends with 
the caveat that this finding comes from a single state, Gujarat, and even more 
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specifically, from a few districts within that state. Studies in other contexts 
would be required to establish external validity. Additionally, the outcomes 
are short-term and focus primarily on understanding and self-reported beliefs 
and attitudes. In ongoing work, the authors report that they are conducting 
a two-year field experiment to measure the impact on actual input adop-
tion and yields (as opposed to only reported trust in recommendations), of 
delivering customized SHCs along with a series of audio messages that 
will guide the farmer through fertilizer purchase and application decisions. 

Growth of Indian Cities and “Good” Jobs: Evidence from the 2000s 

Urbanization has played a crucial role in generating economic growth. The 
share of India’s urban population increased from 20 percent in 1971 to 31 
percent in 2011, but by itself urbanization may not lead to economic dyna-
mism. Inadequate investment in urban infrastructure, unsynchronized spatial 
and city planning, and distorted labor and land markets may prevent India’s 
cities from becoming engines of growth. Though India’s cities will continue 
to grow in population, whether they will also drive economic growth and 
generate productive and well-paying jobs remains to be seen.

In their paper, Rana Hasan, Yi Jiang and Debolina Kundu seek to under-
stand the determinants of urban success, reflecting city population growth 
and the conditions under which such growth would be growth-promoting 
and generate jobs that are productive and better paying. The authors carry 
out three inter-related exercises to explore India’s urbanization process. 

First, they examine the determinants of city population growth between 
2001 and 2011. The understanding of what factors drive city growth and how 
they affect development outcomes (e.g., urban wages and jobs) can guide 
policymakers on the investments and policy interventions that are needed. 
Unlike the previous literature, the authors focus on cities rather than urban 
districts as the unit of analysis. They consider a range of determinants of 
city growth. 

Second, the paper examines whether the factors that influence city popu-
lation growth also influence the proportion of ‘good’ jobs, proxied by the 
share of city-level employment in firms with 10 or more workers (which 
Mincerian wage regressions suggest is a good proxy for better wages). 
Third, they examine whether cities in states with more flexible labor and 
land regulations see faster growth of employment. 

The paper uses data from population censuses (2001 and 2011), eco-
nomic censuses (1998 and 2013), GIS-enabled road network data (to 
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construct measures of transport connectivity and market access), and the 
NSS employment-unemployment surveys (to construct urban district-level 
measures of migration and human capital). They limit attention to towns 
(defined officially as urban centers with populations below 100,000) with a 
population of at least 10,000 in 2001, and match cities (urban centers with 
more than 100,000 population) in the 2011 population with 1998 and 2013 
economic census data. Their final dataset gives around 2,400 cities and 
towns belonging to 502 districts across 21 states and 4 union territories. The 
paper then constructs measures of economic activity across cities, identifying 
22 manufacturing and 22 service industries at the two-digit level. 

The authors explore city growth over 2001–11 by regressing it on the 
initial levels (in 1998 or 2001) of their determinants of city growth (rather 
than on the growth of the determinants). They argue that the use of levels 
is justified in India where labor mobility is low, so that city populations 
adjust slowly. The authors note that the regression estimates, though based 
on predetermined regressors, cannot be interpreted as causal. Concerns 
about the endogenous nature of some of the regressors was a major topic of 
discussion at the IPF. In response, the study introduces regressors as controls 
for endogeneity, including historical population growth from 1991 to 2001 
and initial land area, but the lack of good instruments remains a limitation. 

The authors find that the structure of economic activity matters consider-
ably for the growth of towns in their sample. Towns with a more diverse 
manufacturing base, larger share of employment in manufacturing, presence 
of large manufacturers (with 100 or more employees), and a larger share 
of young (5 years old or less) formal firms in either manufacturing or both 
manufacturing and services (taken to be a proxy for entrepreneurship) grow 
faster. However, the results on the importance of infrastructure are surpris-
ing. Towns with a greater density of paved roads and electricity connections 
do not grow faster. Connectivity does appear important: closer proximity to 
a national highway or expressway and to major national markets via road is 
associated with faster population growth in towns. 

Surprisingly, manufacturing does not seem to play a special role in driv-
ing growth in cities. However, cities with more young, formal firms do grow 
faster. As with towns, a higher density of paved roads or electricity connec-
tions is also not related to the population growth of cities. While proximity 
to large national markets is very important, proximity to national highways 
or expressways is insignificant. 

The authors find that several aspects of economic activity that matter 
for urban growth also influence the share of employment in firms with 
10 or more workers (proxied for good jobs). For both towns and cities, 
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the presence of large manufacturing firms and greater entrepreneurship is 
associated with higher shares of good jobs. Their measure of human capital 
enters significantly for the first time only in these regressions pertaining to 
good jobs. The estimates indicate that cities and towns in urban districts with 
more years of education in 2001 had a higher share of good jobs in 2013. 
Finally, the authors find that urban centers in states with more flexible labor 
and urban land regulations exhibit faster employment growth. The authors 
believe their findings for land regulations are novel. 

Given the lack of good instruments at the town and city level, the 
paper’s usefulness lies in uncovering important patterns in the data on the 
under-researched topic of urban growth. First, the concern about meagre 
investments in urban infrastructure finds support only in the connectivity 
linking cities and towns with other locations. Second, modern manufac-
turing may be important in spurring town growth and generating better 
quality jobs. Third, the finding that entrepreneurship—as captured by a 
larger share of young firms among formal firms—is important for urban 
success in both towns and cities, a finding that is consistent with the find-
ings in the international literature that the continuous entry of new firms 
appears to be a key mechanism that allows cities to sustain their greater 
productivity.

The second and third points suggest that urban success requires cities to 
function well as connected centers of production. This is important since 
programs for spurring entrepreneurship and economic activity are usually 
thought to be distinct from policies for promoting urban development and 
vice versa. The results imply that such programs need to work together with 
better and more coordinated urban spatial and economic planning. Designing 
interventions to spur economic activity without due consideration to broader 
spatial planning, transport infrastructure, and how land policies affect its 
availability and price will probably not be as effective. Finally, the results 
on labor and land regulation show that states in which entrepreneurs have 
more flexibility in managing labor and land can have important implications 
for urban success. 

The authors recommend several next steps. First, there is a need to design 
more and better measures, especially for human capital and infrastructure. 
Second, while causality is inherently difficult to establish in such exer-
cises, there are plausible instruments for several of the “determinants” of 
city growth considered in the paper and these need to be explored further. 
Third, there is a need to integrate programs for spurring entrepreneurship 
and economic activity with policies for promoting urban development and 
vice versa.
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The 2017 Annual IPF Lecture and IPF Policy Roundtable

Though not included in this Volume, the 2017 IPF featured the 2017 
Annual IPF Lecture, delivered by Lant Pritchett, Professor of the Practice 
of International Development at Harvard’s John F. Kennedy School of 
Government and Senior Fellow at the Center for Global Development. 
Pritchett spoke on “Avoiding the morning-after blues: Building state capa-
bility while times are good,” focusing on why countries should use periods 
of high growth to the fullest to build the capabilities of the state during the 
“good times.” He said that the consistent economic growth of over 6 percent 
achieved by India over the last several years is bound to decelerate at some 
stage in the near or medium term, and when and how that happens will be 
determined by how policymakers in the country undertake the challenges 
thrown at them. One of the core steps that India needs to take while dealing 
with these challenges is to ensure efficient and timely implementation of 
key socio-economic policies. He also highlighted the massive differences 
in economic outcomes before and after the advent of economic reforms in 
1990–91, the reasons why India lost out in the early decades of independ-
ence, and what has led to its rise in recent decades. 

Also not reported in this volume, another key part of the 2017 IPF was the 
IPF Policy Roundtable on “Financial Inclusion and Beyond: Understanding 
Indian Household Finance.” The Roundtable debated the need to overcome 
difficulties on the supply and demand side of household finance for pro-
moting greater financial inclusion of the relatively large percentage of the 
population that remains outside the formal financial system. The Roundtable 
was moderated by Ashok Lahiri of Bandhan Bank, with panelists Tarun 
Ramadorai, Imperial College, London, and NCAER; Monika Halan, Mint, 
HT Media; Rajnish Mehra, Arizona State University, NBER, and NCAER; 
and Renuka Sane, National Institute of Public Finance and Policy. 

Videos and presentation for both the 2017 IPF Lecture and Policy 
Roundtable are available on the NCAER website, www.ncaer.org. 
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1. Introduction

The costs to society from air and water pollution can be extraordinarily 
high. Greenstone et al. (2015) combine ground-level in-situ measure-

ments with satellite-based remote sensing data, and estimate that 660 million 
Indians live in areas that exceed the National Ambient Air Quality Standard 
(NAAQS) for fine particulate pollution.1 India is also estimated to have the 
worst access to safe drinking water of any country in the world (WaterAid 
2016) with over 100 million people living in areas without safe drinking water.2

The medical literature has documented several mechanisms through which 
polluted air and water may lead to more illness and higher mortality. For 
instance, evidence shows that river water pollution causes an increase in diar-
rhea-related deaths (Do 2014). In the case of air quality, recent research now 
allows us to go beyond isolating effects on specific diseases and to quantify 
the long-term, cumulative effects of being exposed to sustained air pollution. 
The Air Quality Life Index3 (AQLI) provides a means to predict the overall 
reduction in life expectancy caused by living in places with high levels of air 
pollution. Figure 1 maps life-expectancy loss based on the AQLI across the 
districts of India. These health costs are not restricted to a few urban areas. 
If India were to achieve its own air quality standards, we could increase life 
expectancy across India by one year on average; this number increases to 
4.7 if we were to meet the World Health Organization (WHO) norms. In a 
similar vein, Lim et al. (2012) estimated that ambient particulate matter air 
pollution accounts for 6 percent of global deaths, and that over 10 percent of 
premature deaths are due to lower respiratory diseases. To put this number in 
perspective, this is higher than deaths due to tuberculosis and malaria com-
bined (Lim et al. 2012). 

The economic costs of this pollution, owing to higher health care expen-
ditures and a less productive workforce, are significant.4 An estimate from 
the OECD suggests ambient air pollution alone may cost India more than 0.5 

1. The phrase “fine particulate pollution” refers to solid particles suspended in the air, 
having a diameter smaller than 2.5 microns. These particles are produced from various sources, 
including the combustion of fossil fuels, biomass, solid wastes, and natural dust.

2. Estimated using data from India Water Tool, a collaborative database put together by 
the World Resources Institute and the Confederation of Indian Industry. See http://www.
indiawatertool.in/ for more detail.

3. The AQLI is a useful metric developed by the Energy Policy Institute at the University 
of Chicago. The AQLI is generated using global datasets on air pollution, in combination 
with published scientific evidence on the causal effects of pollution on life expectancy. See 
https://aqli.epic.uchicago.edu/.

4. Quantifying the effects of pollution on productivity is an active area of research. The 
evidence that does exist suggests that productivity may be significantly reduced in polluted 
environments (Adhvaryu et al. 2016; Chang et al. 2016).
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F I G U R E  1 .   Increase in Life Expectancy If PM2.5 Levels were to Meet WHO 
Norms: Districts of India

Source: Air Quality Life Index. See https://aqli.epic.uchicago.edu/.
Note: This map is not to scale and may not depict authentic boundaries.

trillion dollars per year (OECD 2014). It is these costs that motivate envi-
ronmental regulation. If policy instruments are able to reduce the pollution 
associated with productive economic activity at reasonably low costs, they 
would significantly improve welfare. 

Using these facts as our point of departure, this paper reviews the state 
of environmental regulation in India, with the goal of identifying a road-
map for reform. In Section 2 we describe the nature of existing regulation 
in India, which is overwhelmingly composed of “command-and-control” 
policy instruments. We draw upon a rich set of empirical evidence to show 
that widespread non-compliance has undercut the impact of existing reg-
ulation on pollution. We discuss Delhi’s car-rationing pilot, the so-called 
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‘Odd-even’, as a recent and prominent example of a command-and-control 
program. In Section 3, we use a new survey of industrial plants in Gujarat, 
Maharashtra, and Tamil Nadu to show that even if compliance problems 
were somehow resolved, command-and-control instruments are likely to be 
significantly more expensive than lower cost, market-based regulation. In 
Section 4, we identify three principles that we believe provide a roadmap 
for more effective environmental regulation in India: (a) improving the 
reliability and transparency of data, (b) designing instruments that properly 
account for the incentives of those affected by regulation, and (c) encour-
aging a culture of piloting and testing regulatory innovation, as a prelude 
to scaling up good ideas. Section 5 concludes the paper. 

2. Assessing Command-and-control in India 

Virtually all environmental regulation in India are derived from three fun-
damental legislations: The Environment Protection Act (1986), the Air Act 
(1981), and the Water Act (1974). Although a detailed discussion of these 
laws is outside the scope of this paper, they are noteworthy for the freedom 
they provide regulators to determine how pollution should be regulated. 

Unfortunately, even though this legal framework provides a relatively 
blank canvas to start with, the government has engaged in very little 
experimentation with different types of policy instruments. Most environ-
mental regulations in India can be classified as rigid command-and-control 
instruments. Examples include technology mandates, bans on production 
processes, and absolute emissions standards. Since these regulations 
largely focus on the industrial sector, our discussion here will also focus 
primarily on the merits of command-and-control regulation of industrial 
pollution.5

The regulation of industrial pollution broadly fits into three categories. 
First, and most common, the regulator or the government establishes abso-
lute standards relating to the production of pollutants that need to be adhered 
to, failing which penalties may be levied. Second, the regulator may explic-
itly mandate the use of specific technologies, production processes, or fuels. 
This may include a requirement to install pollution abatement equipment or 

5. Transport regulation has largely originated from judicial action, with the resources 
of State Pollution Control Boards almost uniformly skewed towards regulating industry. 
Later in this paper, we discuss an example of a command-and-control policy intervention 
applying to vehicles in Delhi, although it is worth noting that this policy did not originate 
from the state environmental regulator.
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switching to natural gas as a combustion fuel. Third, the government may 
ration or even entirely ban certain types of polluting economic activity. We 
discuss all three command-and-control approaches below.

2.1. Enforcing Pollution Standards

To control industrial emissions, India’s Central and State Pollution Control 
Boards (SPCBs) set a permissible limit on the concentration of pollutants 
that can be emitted by industries from their stacks or chimneys. These limits 
are generally denominated in terms of concentrations: the mass of pollut-
ants in a unit volume of air leaving a stack. For instance, the limit on the 
concentration of particulate matter in stack emissions is set at 150 mg/Nm3 

for many industries in the country. 
A key indicator of whether such regulation is successful at reducing pol-

lution is the degree to which industries comply with these limits. Although 
anecdotally we know that pollution norms are frequently violated, a lack 
of good data has limited systematic analysis of compliance. Regulatory 
inspections of plants are often infrequent, and access to these emissions 
records is generally restricted to the regulator. Furthermore, information on 
the results of compliance tests is often unavailable in a manner conducive 
to easy analysis. For instance, data is often scattered across regional offices 
in paper form, with no centralized database available. 

That said, the work by some of the authors of this paper provides a 
basis for statistical statements about compliance. This evidence highlights 
serious problems with the enforcement of existing regulations across India. 
Duflo et al. (2013) collected data from regulatory inspections in the state 
of Gujarat for which third-party auditors were paid by the plant itself. 
Panel A in Figure 2 provides a snapshot of the initial conditions observed 
in the distribution of regulatory samples obtained from industries in that 
study, with the vertical line denoting the regulatory standard. High levels 
of non-compliance and widespread falsification of data were evident from 
backchecks, with several plants falling to the right (above) the regulatory 
standard. Panel B shows the results post the pilot that incentivized accurate 
reporting in a number of ways, including with auditors no longer paid by 
the plant. This work is discussed in detail later in this paper. In Maharashtra, 
another highly industrialized state, we digitized the results of over 13,200 
regulatory pollution tests spanning a period between September 2012 and 
February 2018. In Figure 3, we plot the distribution of pollution readings 
taken over this extended period of time. Over half of all samples exceed 
the regulatory standard.
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F I G U R E  2 .  Readings for Suspended Particulate Matter Emissions in the 
Stack (milligram/Nm3) 
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Source: Duflo et al. (2013).
Note: The figure shows distributions of pollutant concentrations for particulate matter in boiler-stack 
samples taken during the midline survey of the project, with data collected in 2009 and 2010 from a 
sample of industries in Ahmedabad and Surat. Panel A shows the distributions of readings at control plants 
from audits and backchecks, respectively. Panel B shows readings at treatment plants from the same two 
sources. The regulatory maximum concentration limit of 150 mg/Nm3 is marked with a vertical line; the 
area between 75 percent and 100 percent of the limit is shaded in gray and shows the probability mass in 
this zone where auditors might be expected to place their measurements if they are trying to show plants 
to be compliant without being too conspicuous.

2.2. Mandates on Technology and Process to Reduce Emissions 

The transport sector is a setting where technology and fuel mandates are com-
monly used across the world. Such mandates do not directly target pollution; 
rather, they seek to enforce specific choices on polluting sources. When this 
choice does not represent the cheapest means of reducing emissions, technol-
ogy mandates raise the costs of reducing pollution higher than is economically 
efficient. Nevertheless, technology mandates are often perceived as being 
easier to enforce and monitor than directly measuring and regulating emissions. 

Catalytic converters are an end-of-pipe technology to reduce emissions 
from vehicular exhaust, and have been used all over the world. Catalytic 
converters convert carbon monoxide and unburnt carbon into more benign 
carbon dioxide, and convert nitrogen oxides (NOx) into nitrogen gas. In the 
1990s, the Delhi Government and the Ministry of Petroleum and Natural 
Gas mandated the installation of this technology in automobiles, especially 
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F I G U R E  3 .  Particulate Matter Emissions from Maharashtra Industries
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Source: Maharashtra Pollution Control Board and authors’ calculations. 
Note: The histogram plots the number of samples from industrial plants in Maharashtra corresponding to 
various emissions levels, using over 13,200 digitized regulatory inspections data between September 2012 
and February 2018. While 150 mg/Nm3 is the most common norm for particulate matter compliance, some 
industries have even more stringent limits.

in the aftermath of orders issued by the Supreme Court (Narain and Bell 
2006). In January 1995, the Delhi government also introduced subsidies for 
catalytic converters in all two- and three-wheeler vehicles. The Ministry 
of Petroleum and Natural Gas then announced that all new vehicles in the 
four metros—Delhi, Mumbai, Kolkata and Chennai—needed to have these 
devices installed. In 1998, this order was extended to 45 cities. 

Since vehicle registrations were linked to the installation of catalytic 
converters, enforcement was stringent. The impact of the installation of 
catalytic converters was expected to increase over time, as the fleet com-
position changed with newer vehicles on the roads. Greenstone and Hanna 
(2014) use an event-study approach to examine the program’s impact on 
concentrations of SO2, NO2, and suspended particulate matter in ambient 
conditions. Five years after the implementation of the catalytic converters 
policy, they observe statistically significant declines in particulate matter 
and SO2 by 19 percent and 69 percent of their 1987–90 nationwide mean 
concentrations, respectively. Similarly, Narain and Krupnick (2007) evaluate 
a subsequent court-mandated shift to CNG fuel for all public transportation 
in New Delhi, accompanied with a ban on diesel fuel in such vehicles. 
They also identify reductions in fine particulate and sulphate emissions in 
response to this change.
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This history suggests that transport-sector fuel and technology mandates 
have sometimes been effective in reducing pollution. This has not always 
been true in other settings. In the industrial sector, environmental regulators 
across the country have mandated that plants install different types of air 
pollution control equipment. For example, industries that have a high prob-
ability of emitting particulate matter are often required to install bag filters, 
even if their existing air pollution control equipment could potentially be 
designed and maintained well enough to ensure that industries comply with 
the norms. Similarly, all thermal power plants are required to install flue gas 
desulphurization units to control their SO2 emissions. 

In 2015, the authors in partnership with the Central Pollution Control 
Board (CPCB) conducted a survey of nearly 1,000 industrial plants in 
Gujarat, Maharashtra, and Tamil Nadu. This survey provided a rare oppor-
tunity to systematically examine the relationship between pollution and 
mandatorily installed equipment. 

For example, in Gujarat the survey covered 311 plants in and around the 
city of Surat. These manufacturing plants were primarily in the textile sector. 
We found that industries typically had sophisticated air pollution control 
devices (APCDs) such as bag filters, which in theory ought to ensure that 
the plants meet emissions norms. Nearly 60 percent of the 311 plants had 
bag filters, often with other APCDs. And yet, as Figure 4 shows, these plants 
continued to have very high pollution levels, and the mean emissions of the 
three most common combinations with bag filters exceeded the prescribed 
standard by two times or more. 

This divergence between meeting a technology mandate and reducing pol-
lution underscores a key weakness of this type of regulation. The government 
can mandate and enforce the installation of equipment, but it cannot observe 
or enforce their regular maintenance and use. Thus, even if a bag filter is 
installed in a factory smokestack, it may never be used, and in some cases, the 
equipment may be in such disrepair as to be useless even when being oper-
ated. Since operating and maintaining capital equipment can cost a significant 
amount of money, it is not surprising that plants have an incentive to fulfill 
the letter of the law but not the spirit. It seems clear, therefore, that without 
reliable information on what plants emit on a day-to-day basis, technology 
mandates in the industrial sector are unlikely to solve the pollution problem. 

2.3. Bans and Rationing of Polluting Activities 

The most severe forms of command-and-control regulation involve banning 
or restricting the operations of specific categories of polluters, independent 
of actual emissions. This type of regulation may impose net social costs, if 
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the externality damages from pollution are lower than the economic value 
of the restricted activity. Consequently, blanket bans should ideally only 
be used in special cases where the potential environmental damages are 
very large (e.g., activities associated with extremely hazardous wastes) and 
enforcement in other ways is likely to be difficult. 

In practice, bans in India have frequently been imposed in the backdrop 
of ongoing government failures to satisfactorily regulate pollution in the 
first instance, for example, in cases where governments have failed to ensure 
that manufacturing plants install and use pollution control equipment. The 
judiciary has often driven this prohibitory form of regulation by ruling in 
favor of public interest litigants in cases where regulators have been unable 
to show that they can satisfactorily control pollution. 

One example is the decision of the Delhi government in the late 1990s, 
backed by the Supreme Court, to relocate highly polluting industries out of 
Delhi. More recently, the process of relocating industrial units in residen-
tial areas in Delhi has also occurred under the directions of the Supreme 
Court (Narain and Bell 2006). Geographic bans also commonly form part 
of Action Plans mandated by the Supreme Court in several cities. These 

F I G U R E  4 .  Distribution of Measured Concentrations of Particulate Matter 
from Stacks with the Most Common Configuration of Emissions Source and Air 
Pollution Control Devices (APCD)
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Action Plans have targeted industries in different ways, including “closure 
of clandestine units (Faridabad), moving various industries and commercial 
activities outside of city limits (Jodhpur, Kanpur), installation of electro-
static precipitators in all boilers in power generation stations (Lucknow), 
surprise inspections (Patna), and promotion of alternative fuels in generators 
(Hyderabad)” (Harrison et al. 2015). 

Restrictions on operations and ownership are also common in the trans-
port sector. These include compulsory retirement of old vehicles, or restric-
tions on the use of heavy commercial vehicles during the day in cities. Often, 
the effectiveness of these environmental policies is difficult to evaluate. 

A recent prominent example of rationing economic activity to reduce 
pollution was the Odd-Even driving restriction program imposed by the 
Government of Delhi. An important characteristic of the policy was that it 
was implemented as a pilot for a limited period of time. In what follows, 
we describe the Odd-Even scheme in greater detail, and exploit its limited 
duration and restricted geographic applicability (no rationing was imposed 
outside Delhi) to estimate the impacts this scheme had on air pollution in 
Delhi. The Odd-Even scheme is worth discussing because of the significant 
amount of public attention it garnered. Independent of its effectiveness, the 
pilot was uncommon in initiating a fairly widespread (but sadly short-lived!) 
discussion around what types of policy instruments are the most efficient 
ways of reducing pollution. 

2.4. The Effectiveness of Driving Restrictions in Reducing Air Pollution

On December 1, 2015, the Delhi government announced that the Odd-Even 
program for privately owned cars would be launched as a pilot during January 
1–15, 2016. The scheme worked as follows: First, cars were classified into 
odd and even categories on the basis of the last digit of the car licensing 
plates. Next, it was mandated that only vehicles with odd numbered license 
plates could run on odd numbered dates and even numbered plates on even 
dates. The scheme was effective during the hours of 8 AM to 8 PM for the first 
15 days of January 2016.6 Cars with registration plates from outside Delhi 
were also required to comply. Alongside, the Delhi government announced 
other measures to reduce air pollution, as follows:

•	 November 6, 2015: Environment Compensation Charge (ECC) for 
commercial vehicles (light diesel vehicles and three-axle vehicles) 

6. Vehicles driven by women or cars with more than two passengers were exempt from 
the policy. 
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entering the city limits (Central Pollution Control Board 2013b; 
Supreme Court 2015a). On December 16, 2015, the ECC was doubled 
(Supreme Court 2015b).

•	 On December 16, 2015, the Supreme Court banned the registration of 
new diesel cars (larger than 2,000 cc) till March 31, 2016 (Supreme 
Court 2015b).

•	 From January 1, 2016, the Delhi government increased the restriction 
on entry of trucks into Delhi. Entry, earlier possible from 9 PM, was 
pushed to 11 PM.

After the first Odd-Even pilot was completed, the government re-intro-
duced the scheme for another two-week period during April 15–30, 2016. 
This provides an opportunity to test not only the effectiveness of the scheme 
but also the repeatability of initial outcomes.

Our analysis uses data from 10 ambient air quality monitors in Delhi 
and three satellite cities just outside Delhi. Figure 5 shows monitor loca-
tions (operated by the CPCB for Delhi, and by the Haryana SPCB for the 
neighboring towns of Faridabad, Gurgaon and Rohtak). We compiled 

F I G U R E  5 .  Locations of Pollution Monitors in Delhi and Haryana

Source: Google Maps and authors.
Note: Pollution monitor locations are shown by gray balloons in Delhi and white balloons in Haryana. 
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hourly monitoring data for the six months spanning November 2015 to 
April 2016. 

A simple comparison of air quality before and during the program may 
be misleading. There are multiple sources of particulate matter in Delhi, and 
concentrations vary substantially with weather conditions. We, therefore, 
focus on a difference-in-difference analysis where we examine how the dif-
ference in air quality between Delhi and neighboring cities changes during 
the program relative to the time-period before and after. We also consider 
a “triple difference” variant where we additionally examine whether during 
program days the impact is concentrated during the hours that the program 
was in effect (i.e., between 8 AM and 8 PM). More formally, we estimate a 
regression model that takes the form:

Ytm = a + b.1(m ε Delhi) + g.1(t ε oddeven) + d.1(m ε Delhi) ×
1(t ε oddeven) + lm + ht + etm 

where Ytm is the particulate (PM2.5) concentration at time t (on hour h and 
day d) for monitor m. Explanatory variables include an indicator variable 
for the treatment area (Delhi), an indicator variable for the times that the 
Odd-Even program was enforced (termed oddeven), and their interaction 
term. b and g are the coefficients for the treatment area and period indicator 
variables. The interaction coefficient d estimates the program impact on 
particulate concentration. lm and ht capture fixed effects at the monitor level 
and for each hour.

Our empirical analysis assumes that, in the absence of the program, 
pollution in Delhi and neighboring cities would have evolved similarly. 
The relatively unanticipated nature of the pilot and short program duration, 
combined with the geographic proximity of the satellite cities to Delhi, 
makes this a plausible assumption. 

The results in Table 1 show a statistically significant and substantial 
reduction in PM2.5 concentrations during the days and hours that the Odd-
Even program was implemented in New Delhi in the January round. Across 
specifications, the estimated reduction ranges from 24 to 37 microgram/m3. 
In percentage terms, we estimate a reduction of 13 percent.7 

7. Percentage reduction is estimated using a variant of the regression models described 
in the paper, with the dependent variable as a natural logarithm of PM2.5 concentrations. 
With these specifications, the coefficient of the triple difference can be directly interpreted 
as the percentage change. Specifically, this estimate of 13 percent comes from a model 
using the combined six-month data, with separate estimates for the two rounds (as in Model 
2 in Table 1). 
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T A B L E  1 .  Impact of the Delhi Odd-Even Program on Ambient PM2.5 
Concentrations 

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

Variables

Six Months 
Joint 

Estimate

Six Months 
Separate 
Estimates

Jan and 
April Joint 
Estimate

Jan and April 
Separate 
Estimates

Delhi X Odd-Even dates (Jan) –14.9 –6.0
(21.5) (24.2)

Delhi X Odd-Even dates (April) –3.9 12.8
(17.1) (13.0)

Delhi × Odd-Even dates (Jan) ×  
Odd-Even hours

–24.4*** –31.6**
(6.4) (12.9)

Delhi × Odd-Even dates (April) ×  
Odd-Even hours

11.6 –6.7
(12.2) (15.5)

Delhi × Odd-Even dates both –8.9 5.7
(13.5) (13.6)

Delhi × Odd-Even dates (both ×  
Odd-Even hours)

–7.0 –18.5*
(8.3) (9.2)

Observations 21,197 21,197 7,105 7,105
R-squared 0.472 0.473 0.486 0.489
Number of monitors 8 8 10 10
Monitor fixed effects Y Y Y Y
Day fixed effects Y Y Y Y
Hour of day fixed effects Y Y Y Y
Day FE × Odd-Even dates fixed effects Y Y Y Y
Range of dates of the observations November 

2015– 
April 2016

January 
and April, 

2016
Source: Authors’ calculations.
Note: The table regresses PM2.5 concentrations in monitors at various locations within and outside Delhi 
against the difference in difference interactions (Delhi × Odd-Even dates) and triple difference interactions 
(Delhi × Odd-Even dates × Odd-Even hours), with fixed effects for monitor, date, and hour of day. Columns 
1 and 2 use a six-month panel from November 2015–April 2016, and Columns 3 and 4 use a more restricted 
panel of January and April 2016. On average, PM2.5 concentrations in Delhi monitors were at 277 mg/ m3

in January 2016 and 141 mg/m3 in April 2016. Robust standard errors in parentheses *** p < 0.01, 
** p < 0.05, and * p < 0.1.

We also estimate hourly effects and find large, statistically significant 
reductions in concentration between 11 AM and 2 PM (see Figure 6), which 
could be attributed to reduction in traffic during the morning peak hours. 
During other times of the day, our estimates are noisy and indistinguishable 
from zero. This may reflect dispersion (wiping out any local improvements 
in air quality) and other sources of PM2.5 (reducing the significance of 
reductions from traffic alone). Importantly, no impacts were observed at 
night when the Odd-Even rationing was not enforced.
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Three factors could explain the decline in concentrations: First, reduction 
in PM from vehicular exhaust due to cars taken off the road; second, reduced 
congestion and consequently, reduced idling and emissions from vehicles 
(from allowed cars as well as buses and other vehicles); and third, reduced 
re-suspension of road-dust due to reduced vehicular volumes.

However, for the Odd-Even period in April we observe no significant 
reduction in concentrations. It is possible that compliance decreased in 
the second round. Primary traffic surveys by the School of Planning and 
Architecture in New Delhi along several junctions around the city find 
that traffic volumes were higher during the second round of the program 
than the first round, and that there was a large shift to two-wheelers 
(Hindustan Times 2016). This contrasts with the January pilot when 
commuters reportedly chose to carpool or use public transportation. 
Compliance levels that fall over time may also reflect weak monitoring 
and enforcement.8

F I G U R E  6 .  Hourly Effects during the Delhi Odd-Even Program, 2016
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statistically significant results are shown as a circled point. 

8. Not all evidence points in the direction of reduced compliance. Kreindler (The Indian 
Express 2016) uses high frequency queries on travel times from Google Maps along several 
routes and finds that the two rounds show consistent reductions in speeds in both rounds. 
Kreindler did find that the April round was marginally less effective along a few dimensions: 
a larger percentage of drivers used other four-wheelers (including taxis) than their principal 
vehicle on restricted days, and fewer moved to public transportation.
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It is also possible that despite steady compliance and similar reduction 
in emissions from cars, measured ambient concentrations (the quantity 
measured by pollution monitors) may have been affected less in April than 
January. A plausible reason is greater dispersion during warmer months. 
Dispersion is faster when atmospheric mixing heights are greater, as is the 
case in the summers compared to winters (Guttikunda and Gurjar 2012). 
For this reason, modest increases and decreases in emission sources on the 
ground may disperse upwards and not translate into observable changes in 
pollution concentrations near the ground. On the other hand, in winter, when 
dispersion is minimal, these changes are immediately noticeable. 

Although in this paper we are unable to evaluate the causes of divergent 
effectiveness, the fact that this vehicle rationing scheme did not produce 
consistent reductions in air pollution should lead us to question whether 
even an extreme ban of this type necessarily leads to the desired environ-
mental outcomes. Furthermore, the effects on air pollution are just one 
side of the cost-benefit ledger. A key concern with bans on economic 
activity is the incredibly high costs that this may impose on society, pos-
sibly exceeding any environmental benefits. It is possible that this type 
of scheme may have some utility as an emergency measure during the 
winters, but it is highly unlikely to provide any sort of long-term solution 
to pollution concerns. 

Indeed, although this work does not study long-term behavior in Delhi, 
evidence from elsewhere in the world underscores the challenges involved in 
getting this type of regulation to work. Davis (2008) studies similar driving 
restrictions introduced in Mexico City in 1989. The author compares vehi-
cle registrations with new vehicle sales to show that the restrictions led to 
an increased adoption and use of used cars. Substitution to relatively older 
vehicles on restricted days for the principal vehicle may have actually led 
to a net increase in pollution. 

In Beijing, where similar car rationing schemes have been in force, Wang 
et al. (2014) find that non-compliance may have been as high as 48 percent, 
with car owners who traveled “during peak hours and/or for work trips, 
and whose destinations were farther away from the city center or subway 
stations, were more likely to break the driving restriction rules.”

Overall, it is unclear that large and sustained benefits are obtained through 
such vehicle bans. When policy instruments impose large costs on people, 
they also encourage efforts to avoid compliance. As we have already shown, 
compliance has been a major challenge for regulation in India, and for this 
reason, it is critical that policy be framed to minimize the economic costs 
associated with achieving a given reduction in pollution. 
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3. Mitigation Costs under Command-and-control and  
Market-based Instruments

The relationship between the costs of regulation, and the likelihood that 
regulated entities will comply with the law, means that it is important that 
we explicitly evaluate the economic burden imposed by different policy 
instruments on regulated entities. This is especially true for a country such 
as India, where compliance levels can be abysmal, and where significant 
tension exists between maximizing economic activity and preventing already 
poor environmental outcomes from getting worse.

A key benefit of market-based environmental policy instruments is 
that they are designed to minimize the costs associated with reaching any 
specified level of pollution abatement. In settings where the difference 
between the costs of a status-quo command-and-control regulation and a 
market-based policy instrument is very large, the case for the market instru-
ment becomes particularly strong.

To estimate abatement costs under different regulatory regimes, we 
need rich information on emissions levels, existing abatement measures 
in plants, the capacity of emission sources, the efficiency of abatement 
equipment, and the estimates of the costs of retrofits, repairs, and new 
capital equipment. In this section, we utilize the rich, plant-level data 
from the 2015 CPCB survey of industrial plants in Surat to carry out a 
comparison between a status-quo command-and-control regulation and a 
cap-and-trade scheme. Using an engineering-economic model, we show 
that there would likely be large reductions in compliance costs if industry 
clusters were regulated using an emissions market as opposed to com-
mand-and-control regulation.9 

Industrial emissions are a byproduct of the combustion of fuels like 
coal. Combustion generates pollutants, including carbon dioxide, oxides of 
sulphur, carbon monoxide, and particulate matter, which leave the boiler 
as a cocktail called “flue gases.” The flue gas is passed through a series of 
APCDs that together form an APCD system. Common APCDs to reduce 
particular matter emissions include cyclones, scrubbers, bag filters, and 
electrostatic precipitators, which use different methods to remove the par-
ticulates from the flue gas. The resulting cleaner flue gas passes through the 
stack outlet to the atmosphere. In theory, the APCD configuration would be 
designed based on the anticipated emissions from the boiler and the norms 
to which the plant has to restrict their emissions. 

9. This model and additional results are discussed in greater detail in Harish and Nilekani 
(2018). 
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Our engineering-economic model optimizes the net abatement costs 
under each regulatory regime, with the emissions norms as constraints. To 
abate emissions from their existing level, the model allows each industry 
to retrofit any of the existing abatement devices, or purchase a new one to 
be added in series. 

How would abatement costs change under alternative regulatory regimes? 
The model estimates abatement costs under two command-and-control 
instruments—a concentration standard (with norms on instantaneous 
concentration levels as is typical in status quo) and a load standard (with 
norms on total mass of emissions)—and two market-based instruments—
an emissions tax and a cap-and-trade. We report here the findings for the 
concentration-standard and the cap-and-trade approaches.

With status quo command-and-control regulation, the model has two 
major findings.

First, Figure 7 shows substantial heterogeneity in abatement costs 
despite the industrial units being largely homogenous: 95 percent of the 
industrial units in the sample are small and medium textile processing 
units, with similar emission sources. As Figure 4 shows, even for identical 
APCD combinations, there is substantial heterogeneity in emissions. This 
is mirrored in the abatement costs. Second, the costs of compliance are very 
modest. This is largely because many industries in this sample have already 

F I G U R E  7 .  Distribution of Estimated Annualized Abatement Costs to Meet 
Concentration Standards 
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invested in the capital costs of the abatement equipment. Therefore, the costs 
of compliance are limited to costs of retrofits, and improved operations and 
maintenance for these industries.

Under cap-and-trade, the aggregate emissions from all the regulated 
industries are capped at some level. Industries need to hold a permit for each 
unit of emissions, and the total available permits equal the cap. In this model, 
permits equivalent to the command-and-control levels are grandfathered 
(i.e., allocated free of charge), and industries are allowed to trade permits 
among themselves. In the case of market-based instruments, industries can 
strike a balance between reducing their own emissions through various 
abatement measures and purchasing permits or paying emissions taxes. The 
model finds the optimal solution for each industry.

A cap-and-trade regime is expected to be more efficient than a com-
mand-and-control, and takes advantage of heterogeneity among the regulated 
industries to achieve the same aggregate emissions levels with lower costs 
on average. With cap-and-trade, industries with low marginal abatement 
costs are incentivized to reduce their emissions even if they would be 
under their allowable levels in a concentration standards-based system. 
With a cap-and-trade, the average abatement costs are reduced by 39 per-
cent, compared to the concentration-standards approach to meet standards 
equivalent to the existing norms. Estimates for alternative standards are 
plotted in Figure 8.10 We discuss global experience with market-based-in-
struments and our recommendations in the Indian context later in the paper. 

Comparing the abatement costs and the benefits of improved life expec-
tancy due to pollution abatement in Surat district, we estimate benefit-cost 
ratios of 57–75 to 1 for a concentration standard, or 93–123 to 1 for mar-
ket-based instruments if all industries were compliant to existing levels 
of emission norms (reduction of baseline emissions by 66 percent). Of 
course, these estimates involve numerous assumptions and uncertainties; 
for example, they only include the costs of abatement, and not monitoring 
and enforcement costs to the regulator, or costs to the plants of purchasing 
continuous monitoring systems, or other associated costs of reform. We also 
ignore benefits unrelated to mortality, such as days of work lost, morbid-
ity, and quality of life. Nevertheless, it is apparent that the health benefits 
of abatement are likely to substantially exceed abatement costs, and the 
benefit-cost rations would be much higher under a market-based approach.

10. With an emissions tax, industries need to pay for each unit of emissions at the rate of 
the tax, with no free allowances. The per-unit tax is set at the level at which the aggregate 
emissions cap is expected to be achieved. Hence, average abatement costs are equal between 
emission tax and cap-and-trade. 
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11. See https://www.financialexpress.com/budget/union-budget-2017-budgetary-alloca-
tion-to-environment-ministry-up-by-19-percent/533986/, accessed April 22, 2018.

F I G U R E  8 .  Average Abatement Cost per kg of Emissions Reduction 
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4. A Roadmap for Regulatory Reform

India’s existing command-and-control regulation leaves much to be desired 
both in terms of reducing pollution and reducing costs. This leads us to 
the question of how the effectiveness of our regulatory framework may be 
improved. Although incremental improvements may be achieved through 
several mechanisms, we identify three promising avenues based on com-
pleted or ongoing research evidence: 

1. Improving the reliability and transparency of data
2. Accounting for the incentives of those affected by regulation
3. Encouraging a culture of piloting and testing regulatory innovation

Some of the suggestions we provide may imply allocating more money to 
regulators, in the interests of developing a better regulatory framework for 
everyone else. Central and state expenditures on environmental governance 
in India are extraordinarily low. For instance, the total annual budget of the 
CPCB in India was just `74.3 crores11 (US $11 million) in 2017. This num-
ber is simply inadequate to carry out the mandate of the apex environmental 
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regulator, which includes standard setting, new research, policy guidance 
to states, and a limited amount of enforcement activity.

This level of expenditure is too low and hard to justify even taking 
into account India’s still low per capita income. One way to see this as a 
back of the envelope calculation is to compare the value of environmental 
improvements in India relative to a much richer country such as the United 
States. Consider that the population density of India is about 12 times that 
of the United States (UN 2017). Conversely, PPP-adjusted GDP per capita 
(assumed to be approximately proportional to a statistical value-of-life mea-
sure) is about nine times higher in the United States than in India. Putting 
together India’s higher population density and lower per capita income, a 
unit of pollution in India may still cause about 1.3 times as much economic 
damage in health costs in India as in the United States.12 This is of course 
a very simplistic calculation, but it helps to clarify that India spends too 
little money, and has too few qualified regulatory staff, to expect very good 
outcomes from status quo command-and-control regulation. 

4.1. High-Quality and Transparent Data

Effective regulation relies heavily on high-quality data. In addition, when 
information available with the regulator is also made transparent to the 
public, there are reasons to believe that environmental performance may 
also improve. Although quality and transparency are two distinct concepts, 
making data visible to the public may also have the indirect benefit of 
forcing regulators to improve the reliability of disclosed information. In 
health care, for example, Marshall et al. (2001) argue that disclosure ini-
tiatives in the United Kingdom also improved the quality of report cards 
issued by hospitals. In what follows, we begin by discussing the role that 
environmental disclosure and ratings initiatives may play in improving 
environmental outcomes. We then turn to mechanisms to improve the 
quality of monitoring data.

Transparency and disclosure initiatives have been common in the United 
States, with the Toxic Release Inventory being the most prominent, and 
public, disclosure programs around safe drinking water. Indonesia initiated 

12. We are grateful to E. Somanathan for this suggestion. Given any pollution external-
ity, the marginal physical damage from that additional pollution is likely to be 12 times as 
high in India as it is in the United States, simply because there are 12 times as many people 
to suffer that damage. On the other hand, if damage is measured by the willingness to pay, 
the value of the marginal damage per person would be correspondingly low in India because 
an individual on average may be able and willing to pay less to avoid that damage because 
their income would on average be much lower. Dividing 12 by 9 gives us the 1.3 number.
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a ratings regime for industrial water pollution in 1995 called the Program 
for Pollution Control, Evaluation and Rating (PROPER). Research sug-
gests that PROPER resulted in improved environmental performance of 
firms (Blackman et al. 2004) through a mix of improving the information 
available to firm management, and making data public. Likewise, evidence 
from a disclosure scheme in China called Green Watch found similar results 
(Wang et al. 2004). Public ratings may also create competition among 
plants on environmental performance, and there is evidence that when a 
firm is seen as being better for the environment, it also does better on the 
stock market (Klassen and McLaughlin 1996). A rich literature on the 
power of peer household comparisons in developing (Sudarshan 2017) and 
developed (Allcott and Rogers 2014) countries suggests that making infor-
mation available on relative performance may be a particularly important 
mechanism of change.

There is also significant evidence suggesting that public pressure and 
reputation are also important. Greenstone and Hanna (2014) make the case 
that regulation is likely to be more effective in the presence of significant 
public engagement. Indeed even the release of data on ambient air or water 
pollution—which is not tied to an individual violator—can lead to the 
involvement of the judiciary and civil society organizations. Wide public 
release can both play an important role as a health advisory system and 
increase pressure on polluters to comply with regulatory standards (Afsah 
et al. 2013; Tietenberg 1998; Wang et al. 2004). 

In November 2014, the Centre for Science and Environment, a civil 
society group, collected individual exposure data from eight prominent 
individuals identifying dangerously high levels of air pollution in the capital 
city of New Delhi. This data was used as part of a legal petition requesting 
the Supreme Court to introduce surcharges on the entry of commercial 
vehicles into Delhi. These legal proceedings resulted in additional fees on 
heavy vehicles entering the city. The Supreme Court Justice adjudicating 
the case observed, “My grandson wears a mask. He looks like a ninja. When 
I asked him why he was wearing a mask, he said it was due to pollution.... 
This is one case where newspapers should report as to what transpired in 
the court during the hearing.” 

One of the most well-known directions passed under India’s Air Act 
(1981) also happened because of public pressure as opposed to proactive 
regulatory action. A Supreme Court judgment in 1997 responding to a pub-
lic interest litigation filed by the lawyer M.C. Mehta, required 500 plants 
near the Taj Mahal to reduce damages from air pollution by closing down, 
relocating, or changing the fuels they burned.



22 IND IA  POL ICY  FORUM,  2017–18

Despite the evidence, there are hardly any examples of transparency ini-
tiatives in India. India lags behind China in this regard. In 2006, the China 
Institute of Public and Environmental Affairs began collating public infor-
mation on air and water pollution, and environmental violations at plants 
across the country. This ground-breaking step came from civil society, not 
the government. However, since then, the Chinese government has gone 
further and made available a large amount of real-time data on ambient and 
plant pollution levels, including the 2014 disclosure of industrial emissions 
for around 13,000 enterprises.

In India, possibly the first such initiative was launched on June 5, 2017, 
in Maharashtra where hundreds of large industrial plants are now publicly 
rated on a 1 to 5 star scale based on how much particulate air pollution they 
emit.13 This initiative has begun as a pilot, designed with the explicit goal of 
evaluating the effects of disclosure on performance. This emphasis on rigorous 
evaluation makes this pilot possibly the first of its kind anywhere in the world. 

The Maharashtra Star Rating Programme targets large plants with capital 
investments exceeding `25 crore in the cement, chemicals, metal works, 
paper, pharmaceuticals, power, sugar, distilleries, and textiles sectors. Data 
from the last four times a plant was tested for particulate emissions is used 
to generate a star rating, and the median test value is used to assign a rating 
based on the scale in Table 2. The pilot has continued to expand in the year 
since it was launched.

Disclosing information may be a helpful addition to the different mech-
anisms through which India seeks to regulate pollution. However, making 
data transparent is clearly most useful when high-quality information is 
being released. Regulatory action under command-and-control relies on the 
information regulators have on plants, and where this information is poor, 
outcomes are also likely to be suboptimal. 

13. The Maharashtra Star Rating Programme can be accessed at http://mpcb.info.

T A B L E  2 .  Maharashtra Star Rating Programme

Rating

Range of PM Emissions
(Milligram per Cubic Meter)

Minimum Maximum Rating Key Representation

1 star 250 – Very poor
2 star 150 250 Poor
3 star 100 150 Moderate
4 star 50 100 Good
5 star 0 50 Very good

Source: Maharashtra Pollution Control Board, see http://mpcb.info.
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The primary mechanism through which environmental regulators enforce 
command-and-control norms is plant inspections and vehicle testing. In 
the industrial sector, inspections are expected to occur when plants are 
first cleared for operation (a useful time to ensure technology mandates are 
followed), and thereafter on an ongoing basis to determine actual pollution. 
Ongoing inspections are most directly linked to the outcome we care about, 
namely pollutants emitted. 

There is a growing literature on the effect of inspections on indus-
trial pollution in the developed country context. In the United States, for 
example, officials of the US Environment Protection Agency and the state 
governments have the power to conduct surprise inspections of industrial 
plants under the Clean Air Act of 1963. Hanna and Oliva (2010) find that, 
after controlling for plant level heterogeneity, an inspection resulted in a 15 
percent average reduction in air emissions of plants. There is also evidence 
that the threat of an inspection could reduce emissions in plants in the paper 
and pulp industry (Laplante and Rilstone 1996), and in electric utilities 
(Keohane, Mansur and Voynov 2009). In other words, inspections work in 
reducing violations and in reducing emissions from industries. 

In India, officials from the SPCBs, or accredited laboratories, perform 
inspections of plants. These visits could either be routine, as a response to 
an industrial plant applying for consent to operate, or as a follow-up to a 
violation discovered in a previous inspection (Duflo et al. forthcoming). The 
process is manual and time-consuming. 

Consequently, a first-order challenge for the SPCBs is that their man-
power is very limited. Bhushan et al. (2009) describe how the number of 
approved employees at the SPCBs has decreased over time, although the 
number of industries they regulate has increased two- or three-fold. 

We see therefore that pollution testing data is India is not only unavailable 
to the public but also underfunded and infrequently carried out.14 In addition, 
this data appears to be of a very poor quality. Systematically documenting 
this for all of India is impossible, partly because the data that is gathered 
is not easily obtained, but recent work also does not paint a promising 
picture of the veracity of the data. In the study cited earlier in Section 2.1, 
Duflo et al. (2013) studied the quality of inspections data in Gujarat in 
a field experiment, conducted with the Gujarat Pollution Control Board 
(GPCB), that was designed to improve the quality of reporting and, thus, 

14. In Maharashtra, data collected to implement the Star Rating Programme suggests that 
even amongst the largest, most polluting plants that form part of the initiative, the average 
number of pollution tests per year is just 1.4/industrial plant.



24 IND IA  POL ICY  FORUM,  2017–18

environmental performance. In the status quo, they found that monitoring 
reports carried out by accredited, third-party laboratories were heavily 
biased (Figure 2). Between the official audits and independent backcheck 
readings, they found a difference of 0.3 standard deviations; 29 percent of 
status quo audits falsely reported compliance. The authors provide evidence 
that the primary reason for this may be the unsurprising collusion between 
plants, which pay for their own testing, and environmental laboratories, 
whose revenues depend on the very same industries that they are expected 
to test. Not all states suffer from the same incentive problem, and Gujarat 
has since moved to reform its testing protocols, but this study provides a 
sobering insight into how badly data collection can go wrong. 

Nor is quality a problem only in the industrial sector. In India, vehicles 
are required to be tested periodically at pollution check centers. When the 
traffic police stop vehicles, they also check the pollution certificate, and 
any discrepancy can be penalized. However, these checks are meaningful 
only when the underlying testing is accurate. A recent audit report (CPCB 
2013b) of pollution check centers by the CPCB for Delhi’s Department of 
Transportation was alarming. Staff at the centers were found to be poorly 
trained and unaware of protocols for testing, and the equipment was not 
always maintained and was rarely properly calibrated. The auditing team 
also documented instances of unauthorized officials passing vehicles, and 
software being used to generate fake measurements. The auditing report 
ends with a call for greater scrutiny of the pollution centers.

Recently, the government has begun to take some steps to address this 
problem. Continuous emissions monitoring systems (CEMS) are instru-
ments that attach to the chimney stack of factories and supply real-time 
data on the emissions being generated. In so doing, they allow for dramatic 
improvements in the time granularity of data available to regulators. In 2013, 
the CPCB released the first ever specifications for CEMS devices (CPCB 
2013a), outlining allowable technology as well as auditing and maintenance 
procedures. These specifications are designed to produce data that could 
also underpin market-based regulatory frameworks such as cap-and-trade 
regimes. Following this initial standards document, which focused only on 
particulate emissions, the CPCB has since released a more general speci-
fication. With these regulatory instructions, in February 2014, the CPCB 
passed an order mandating the installation of continuous monitoring systems 
for air and water pollutants in 17 categories of highly polluting industries.

While CEMS technology improves the quantity of emissions data avail-
able to the regulator, the quality of data is vulnerable to similar corruption 
issues as manual auditing that we have discussed above. CEMS data are 
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only as reliable as the accuracy of the calibration of the CEMS. With par-
ticulate matter emissions in particular, calibration involves comparing sen-
sor-measured data with manual measurements. For CEMS data to be useful, 
regulators need to introduce systematic protocols that take into account the 
incentives for industries, CEMS vendors, and auditors. We return to this 
issue in the next section.

We stress that better monitoring is not restricted to improved data col-
lection from pollution sources. Effective policy depends very heavily on 
the information that regulators possess on the cumulative outcome of all 
emissions sources, whether this be river-water quality in the case of efflu-
ents, or air quality in the case of air pollutants. Recent developments in the 
use of networks of low-cost and mobile-ambient monitoring instruments 
allow dramatically increased insight into the spatial distribution of air 
pollution. Similarly, networks of water pollution monitors provide insights 
into effluent discharge upstream and downstream of industry clusters, and 
may allow a reconciliation of measured discharge levels into ambient water 
compared to self-declared or monitored discharge from individual plants. 
This becomes particularly important when limits are placed on the volume 
and concentration of effluent discharge into ambient water, since these 
mandates may create incentives to send water pollutants into sewer lines or 
ground-water instead. 

Lastly, satellite data provides important information on ambient air pollu-
tion across large and often unmonitored geographies. Using all these sources 
in making and evaluating policy is critical to achieving targeted outcomes. 

In the case of small mobile sources of pollution such as vehicles, individual 
source monitoring can be infeasible, and policy often focuses on targeting 
driving behavior, based on information on the spatial distribution of pollut-
ants. Such policy instruments can be usefully informed by spatially disaggre-
gated information on air pollution levels, using mobile pollution monitoring 
networks to identify the presence of hotspots and to estimate population 
exposures (Apte et al. 2011; Apte et al. 2017). The Odd-Even program is a 
good example of a targeted intervention aimed at changing driving behavior, 
both motivated by and evaluated using ambient air monitoring data. 

4.2. The Effect of Economic Incentives on Policy Effectiveness

In the previous section, we described some of the challenges India faces 
around the quality of data used to regulate. Part of the solution might involve 
enhancing the resources made available for regulation, and appealing to 
modern technology. In this section, we show that by themselves these are 
unlikely to be solutions.
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Consider the process by which legally enforceable pollution data is cur-
rently gathered in India. In addition to the inspections by the SPCBs, some 
highly polluting plants are required to file audit reports prepared by certified 
third party auditors. The auditors are hired and paid by the industries they 
audit and report to, creating incentives for them to under-report emissions. 
The experiment conducted by Duflo et al. (2013) in Gujarat, mentioned in 
the last section, sought to test a possible solution to reform this market and 
create incentives for truthful reporting. 

In this two-year experiment, audit-eligible industrial plants were ran-
domly allocated into either a treatment group with the altered auditing 
process, or in the control group with business as usual. The altered auditing 
process involved the following changes. First, treatment industries were allo-
cated an auditor by GPCB. Second, auditors allocated to treatment industries 
were paid a flat charge that covered the costs of auditing plus a profit, and 
were paid through a central pool. Third, the auditors were told that another 
technical agency may do a follow-up visit to repeat the pollution readings. 
Follow-up visits were also conducted in the control group. 

We have already discussed how the study found that status quo reporting 
was corrupted, with 29 percent of the status quo audits falsely reporting com-
pliance. The incentives for accurate reporting improved the quality of moni-
toring substantially. Treatment auditors reported pollution readings 0.15–0.21 
standard deviations (50 to 75 percent) higher than status quo. Auditors in 
the treatment group were 80 percent less likely to falsely report compliance. 
Finally, and most importantly, better monitoring reduced industrial emissions. 
Industries in the treatment group reduced emissions by 0.2 standard deviations 
or roughly 30 percent, with reductions highest among plants with the highest 
concentrations. These striking results are summarized in Figure 2.

Emissions monitoring for vehicles shares similar structural challenges. 
There is the literature from around the world showing evidence of cheat-
ing by emissions testing centers. Oliva (2015) finds that 79 percent of 
emission-testing centers in Mexico City accept bribes and substitute emis-
sions readings of failing cars; cheating in this manner is an alternative to 
maintenance of the vehicles, and given that the bribes are low, there is 
little incentive for users to maintain the vehicle. Hubbard (1998) finds that 
private centers in California fail vehicles at half the rate at which govern-
ment-run centers do—the probability of failure being lower in independently 
run garages and for vehicles that are not covered by warranty. Similarly, 
Wenzel (2001) compares private testing centers in California with govern-
ment-owned centers in Arizona, and attributes the higher passing rates in 
California to fraud. The skewed incentives here for both vehicles owners and 
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the testing centers are strikingly similar to those of the third-party auditors 
studied in Duflo et al. (2013). 

Vehicle emissions testing could also be unreliable because of variations 
due to fuel quality, speed and acceleration of the vehicle, and ambient and 
vehicle temperatures (Wenzel 2001). Although emission testing is required 
to be conducted under very specific conditions, even with the best of care, 
emissions variability can be significant (Zhang et al. 1996). Wenzel et al. 
(2004) find that 5 percent of cars in California and 8 percent in Phoenix, 
Arizona, that passed the test initially, would fail an immediate retest. As 
with the audits, vehicles and industries share similar challenges on point-
in-time testing of emissions. 

Skewed incentives are frequently unaffected by technology. For example, 
like any other metering device, CEMS also require calibration and auditing. 
These tasks must be carried out by trained regulatory staff or accredited 
third-party regulators. The lessons from Duflo et al. (2013) thus apply to 
the use of modern monitoring technology also, and suggest that technology 
mandates by themselves may not even fulfill the minimal goal of better infor-
mation unless used within incentive-compatible and monitored contexts. 

The State of Gujarat has carried out a unique roll-out of CEMS in Surat, 
with a significant amount of data collection to document the process of using 
this technology. This important effort has helped point to potential problems 
with mandating CEMS without simultaneously designing incentive-compat-
ible regulatory norms around the technology. Specifically, the GPCB under-
took a careful auditing exercise of plants installing CEMS devices following 
a regulatory mandate. In typical practice, these monitors are installed by 
technology vendors and calibrated on site, with payments made by indus-
tries. The accuracy of this calibration is fundamental to the accuracy of the 
monitoring system—if the calibration coefficients are falsified, the CEMS 
reported readings will also be under-estimates. Thanks to a careful data col-
lection regime, the GPCB was able to document that when calibration was 
carried out by plants, the CEMS measurements were consistently lower than 
prior manual inspections had suggested they should be. The devices were 
therefore audited, and an independent calibration was carried out. Perhaps 
unsurprisingly, true calibration factors were found to be very different from 
those initially reported, and consequently, true emissions were much higher. 

The point of this example is not to make the case that technology is 
not useful, but to note that it is not sufficient. There may be several ways 
of alleviating these problems, but it is critical that attention is paid to the 
incentives that cause them. One approach is to break payment links and 
remove incentive incompatibilities as in Duflo et al. (2013). Transparency 
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and disclosure may also improve matters since they allow the public, and 
other plants, to highlight discrepancies between the reported readings of 
plants and the actual behavior experienced on ground. 

Economically efficient regulation should involve penalties that impose 
the same costs on plants as the plants impose on the public by producing 
pollution. Enforcing penalties involves certain subtle costs to the regula-
tor—not in a monetary sense, but in balancing the net welfare impact of the 
penalty imposed against the environmental damages caused. This balance 
is also the focus of political pressure and pressure from industry lobbies on 
environment ministries and regulators. Balancing these costs and benefits 
unfortunately becomes difficult for regulators because of weaknesses in the 
legal penalties prescribed by India’s environmental laws.

Enforcement options for regulators in India are legally restricted to 
criminal penalties and plant closures. These harsh penalties cannot be cali-
brated to the degree of the environmental offense in question. Thus, plants 
that exceed a norm by 5 percent are subject in theory to the same penalties 
as those that exceed norms by 200 percent. The outcome of such inflexible 
regulation is that regulators choose to target harsh punishments to a small 
fraction of the major violators, while letting many other plants off the hook 
with no penal action (Duflo et al. forthcoming). A necessary requirement for 
command-and-control regulation to work is a very well-informed regulator 
with the willingness and ability to systematically enforce fair penalties in 
cases of non-compliance. Ghosh (2015) points out how the lack of flexibility 
in penalties may significantly reduce the effectiveness of regulation. 

The absence of civil fines in India lags behind not only the United States 
but also China, which has relied on financial penalties since the early 1980s. 
In China, although non-compliance could invite criminal legal sanction, the 
use of this penalty is extremely rare (Wang and Wheeler 2005). Instead, 
industries are charged a levy for non-compliance, which is proportional 
to the exceedance; since 1993, Chinese regulators have also been levying 
charges for air emissions or water discharges within the standards for some 
pollutants (Wang and Wheeler 2005). As a result, pollution levels become 
an economic choice for industries, as a response to the levies imposed on 
them. Wang and Wheeler (2005) determine the elasticity of pollution with 
levy rates and find a statistically significant, strong marginal deterrence 
for the pollution levy: for water pollution and SO2 emissions, estimated 
elasticities are about -1. 

4.2.1. MARKETS IN ENVIRONMENTAL REGULATION

Broadly speaking, economically efficient regulation requires identifying 
the source of negative externalities, quantifying the full social costs of 
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externalities from these sources, and putting in place rules that ensure that 
polluters must pay a price equal to this full social cost when undertaking 
polluting activities.15 Ensuring that this price is paid requires enforcement 
mechanisms to ensure that regulatory constraints are binding and monitoring 
technology is sufficiently reliable to quantify emissions accurately.

With these principles in mind, an especially promising direction for reg-
ulatory reform is the use of market-based regulation. Emission markets and 
taxes seek to increase economic efficiency, reduce the costs of compliance, 
improve data quality and transparency, and remove incentive incompatibil-
ities. In Section 3, we compared the costs of market-based regulation and 
command-and-control, drawing upon concrete empirical data, and showed 
that the additional costs imposed by existing regulation may be very large.

Over the last two decades, the Indian government has reviewed environ-
mental regulation through the appointment of multiple task forces, high-level 
committees, and external consultants (Ministry of Environment, Forests and 
Climate Change 2014). Several expert committees have emphasized the 
need to use market-based regulation and fiscal instruments that align the 
incentives and reduce the costs of complying with regulations, following 
the “polluter pays” principle (Ministry of Environment, Forests and Climate 
Change 2014). 

Notwithstanding these recommendations, India has rarely used markets 
as a means of regulation, with the notable exception of the Renewable 
Energy Certificates and the Bureau of Energy Efficiency’s Perform, Achieve 
and Trade scheme. These schemes were introduced by India’s Ministry of 
Power, and there exist no similar examples in the sphere of environmental 
regulation.16 This situation indicates that India lags behind the rest of the 
world. There now exists significant experience with the use of market-based 
instruments, especially cap-and-trade markets, in both local air pollutants 
and carbon dioxide. Table A1 in the Appendix at the end of the paper sum-
marizes evidence from a number of cap-and-trade markets across the world. 

15. In practice, these goals are sometimes difficult to achieve. Externalities are spatially 
differentiated, and in theory, every emitting source might impose different social costs from 
its pollution (Muller and Mendelsohn 2009). Some forms of monitoring may be expensive 
or infeasible, and it may therefore become necessary to use proxy measures. For instance, it 
can be easier to monitor the presence or absence of a specific piece of pollution abatement 
equipment in a plant or vehicle, than real-time emissions or vehicle driving patterns. 

16. India does have a cess on coal that was raised to `400 per ton in the 2016–17 Budget. 
This number is too low to be seen as meaningful environmental regulation. Mittal et al. (2012) 
use data from the Central Electricity Authority of India (CEA) to estimate specific coal con-
sumption estimates of about 0.7 kg per kWh across Indian coal plants. At `65 per US$, this 
works out to a price of about 0.5 cents per kWh, an order of magnitude below most estimates 
of the pollution externalities from burning coal. 
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The primary motivation for market-based instruments is that they 
minimize the costs of attaining any given level of emissions. The eco-
nomic theory underpinning this claim is clear, but there have been limited 
empirical studies quantifying cost reductions relative to a well-defined 
counter-factual. The evidence that has been gathered points to significant 
benefits from environmental markets. In evaluating the US SO2 market for 
tradeable allowances among electric utilities in 1995, Carlson et al. (2000) 
estimate savings of 45–55 percent compared to uniform standard regulating 
emissions rates. Burtraw et al. (1998) and Muller and Mendelsohn (2009) 
estimate that the improvements in public health and reduced acidification 
from these markets outweigh the costs by an order of magnitude. Fowlie 
et al. (2012) carry out a direct comparison of command-and-control regu-
lation with a cap-and-trade scheme. By matching firms regulated under the 
RECLAIM NOx trading market in Los Angeles with nearby firms subject 
to command-and-control, the authors show that emissions from firms under 
RECLAIM were, on average, 24 percent lower than those regulated under 
command-and-control.

Absolute emission norms, as in the status quo in India, also do not pro-
vide any incentive for industries to reduce emissions above and beyond 
the minimum standard, even if the marginal costs of additional abatement 
are negligibly small in comparison with the externalities they impose. 
An additional advantage of economic instruments such as trading is that 
polluters have dynamic incentives to continue abating their emissions and 
innovating for cleaner equipment and processes (Jaffe and Stavins 1995). 
In the case of transport, market-based instruments like congestion pricing, 
as implemented in cities such as London, Singapore, and Stockholm, may 
be a sustainable tool over the long term to encourage shifts towards public 
transport.17 Evidence from Sweden (Simeonova et al. 2017) shows that even 
in a relatively low pollution setting, congestion pricing schemes can create 
locally detectable reductions in ambient pollution. 

The importance of experimenting with such regulation is particularly 
acute because using market-based regulation at scale requires a strong 
monitoring and enforcement infrastructure, as well as institutional knowl-
edge. In developing countries in general, institutional readiness becomes a 
potential barrier for trading to be as efficient and cost-effective as it could 
be in theory. Coria and Sterner (2008) review the lessons from the trading 

17. Congestion pricing schemes do not directly price emissions, and the metric by which 
their success is measured need not be pollution reduction. However, congestion can be strongly 
correlated with air pollution and evidence suggests that congestion pricing schemes can also 
have significant impacts on air pollution (Simeonova 2017).
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program in Santiago launched in 1997 (the first application of emissions 
trading outside the OECD countries), and find that while the program was 
riddled with challenges due to suboptimal design, the cap set on the pollu-
tants was adhered to from the very beginning, and with time the volume of 
transactions increased. They point out that “it took the United States some 
three or four decades of experimentation to learn how to design the institu-
tions for a trading scheme,” and that the Chilean experience compares rather 
favorably. Putting in place infrastructure such as CEMS, and increasing 
public disclosure, create the enabling ecosystem in which market-based 
incentives could work more effectively. 

4.3. Piloting and Testing Regulatory Innovation

Thus far, this paper has focused on identifying some of the serious short-
comings with command-and-control regulation as it exists in India today. 
We have also discussed some avenues for improvement, including the use 
of market-based regulation.

In this section, we consider the need for a systematic procedural shift 
towards encouraging innovation. A precondition to achieving improvements 
in environmental performance, and reductions in cost, is a willingness to 
experiment with innovative new regulations. As we have shown previously, 
this experimentation must necessarily go beyond environmental technol-
ogy, but must also recognize the need to fix the economics and incentives 
underlying the rules we make. 

A useful approach to encouraging innovation, while recognizing the 
need to test new ideas, is to iteratively design and test new ideas through 
carefully evaluated pilots. This approach is rare in India, where a for-
ward-looking, evidence-based approach to policy-making has not been 
common. Consequently, regulators seek to try new approaches only when 
all questions and uncertainties have already been resolved, which is impos-
sible almost by definition. In a world where the introduction of new ideas 
is synonymous with scale-up, and a place is not reserved for testing and 
refining policy interventions, this type of risk minimizing approach is bound 
to occur. Furthermore, without testing new ideas we have failed to build up 
a playbook of effective policy, which means that under judicial, public, or 
political pressure to solve environmental problems, regulators must often 
simply duplicate what other countries have tried. 

We have mentioned a few examples of ongoing pilots that represent 
this type of approach. In the transport sector, one policy innovation that 
does provide a good case study of the importance of explicit and rigorous 
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evaluation of innovative ideas is the driving-rationing scheme introduced by 
the Government of the National Capital Territory of Delhi in January 2015. 

In June 2017, the Maharashtra SPCB launched an important new regu-
latory initiative that seeks to publicly release information on industrial air 
pollution in the form of a public star rating for regulated factories. Some of 
the authors of this paper have been involved in the design of this pilot, and 
the goal has been to implement some of the elements of policy design we 
recommend here. More broadly, global experience with this type of “third-
way” regulation suggests these policies may increase the effectiveness 
of an underlying command-and-control structure at relatively low costs 
(Blackman et al. 2004). 

In Surat in Gujarat, the authors of this paper are conducting a trial of the 
effect of CEMS on particulate emissions in collaboration with the GPCB. 
Plants in this pilot are largely small-scale, coal-burning textile units, and 
the costs of CEMS ranged from about `1 lakh to 5 lakhs per stack in 2016.

An intriguing pilot project initiated by India’s Ministry of Environment, 
Forests and Climate Change and the SPCBs in Gujarat, Maharashtra, and 
Tamil Nadu (Duflo et al. 2010) presents an opportunity to introduce India’s 
first cap-and-trade scheme, a city-level market in particulate matter from 
coal burning plants. If this pilot were implemented, it would represent a 
dramatic step forward in the regulatory instruments used to tackle industrial 
air pollution in India. Some of the authors of this paper have worked on the 
design of this market. As we describe in Section 3, we estimated that the 
industry costs of compliance under a cap-and-trade market in Surat would 
fall by nearly 40 percent relative to status-quo command-and control emis-
sions standards. Other research has come to similar conclusions, with Gupta 
(2002) showing that reducing particulate emissions by 50 percent using 
market-based instruments would allow for cost-savings between 26 percent 
to 169 percent for different industry sectors, relative to command-and-con-
trol regulation. 

5. Conclusion

While reviewing existing environmental regulation in India, the T.S.R. 
Subramanian Committee bluntly notes that “the legislations are weak, moni-
toring is weaker, and enforcement is weakest.” In this paper, we assert the 
need for greater investments in monitoring that yields reliable data, taking 
advantage of advances in technology and reduced costs of monitoring equip-
ment, and considering the incentives of third-party agencies tasked with 
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the monitoring. We argue that compliance, and hence enforcement, may 
improve if regulations are designed in a manner that is compatible with the 
incentives of the regulated entities. 

We also make the case that market-based instruments, such as conges-
tion pricing or cap-and-trade, offer the potential of a rare win-win in that 
they can reduce compliance costs and reduce pollution, allowing for urgent 
improvements in health. This is because these regulatory mechanisms seek 
to reduce to a minimum the costs of cutting total emissions into the ambi-
ent. As such, they seem particularly well suited to bridge India’s perceived 
conflict between improving environmental performance and maintaining 
robust levels of economic growth.18 

Finally, regardless of the type of regulation, it is essential that new inter-
ventions need to be piloted and rigorously tested. The examples set by the 
Maharashtra Star Rating Scheme, and the evaluation of continuous emis-
sions monitoring in Gujarat are praiseworthy in this regard. The Ministry 
of Environment, Forests and Climate Change had envisaged a set of pilots 
in emissions trading regimes in Gujarat, Maharashtra, and Tamil Nadu. 
Although these pilots have not materialized so far, they would provide an 
exemplary pathway to carefully designing, testing, and then using more 
modern environmental regulation in India. 
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Appendix

T A B L E  A 1 .  Examples of Cap-and-trade Programs Globally

Country/
Region Name Year Pollutant Effects/Target

Mexico Pilot Emissions Trading 
Scheme (ETS)

Expected 
2018

CO2 Three-year pilot expected 
to start in the third 
quarter of 2018

China National ETS 2017 CO2 Phase 1 launched covering 
the power sector, which 
is roughly one-third of 
China’s CO2 emissions; 
this is twice as large 
in terms of emissions 
coverage than any other 
ETS

Beijing Emissions Trading Pilot 2011–15 CO2 In first period, emissions 
fell 4.5% and the cost 
of cutting emissions fell 
by 2.5%

Shanghai Emissions Trading Pilot 2011–15 CO2 Emissions fell 3.5% from 
2011 to 2013

Shenzhen Emissions Trading Pilot 2011–15 CO2 Emissions fell 11.7% from 
2010 to 2013

Tianjin Emissions Trading Pilot 2011–15 CO2 Intensity target of 15% 
above 2010 levels

Hubei Emissions Trading Pilot 2011–15 CO2 Intensity target of 17% 
above 2010 levels

Chongqing Emissions Trading Pilot 2011–15 CO2 Intensity target of 20% 
above 2010 levels

Guangdong Emissions Trading Pilot 2011–15 CO2 Intensity target of 19% 
above 2010 levels

South 
Korea

Korean Emissions 
Trading Scheme 
(KETS)

2015–
present

All GHGs Targets 4% reduction 
below 2005 levels by 
2020

Kazakhstan Kazakhstan Emission 
Trading System

2013–
present

CO2 Targets 15% reductions 
below 1992 GHG levels 
by 2020

Switzerland Swiss ETS 2008–
present

CO2 N/A

New 
Zealand

New Zealand Emissions 
Trading Scheme

2008–
present

All GHGs Enabled New Zealand to 
meet emissions target 
for the first commitment 
period of the Kyoto 
Protocol
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Country/
Region Name Year Pollutant Effects/Target

Japan Japan Voluntary 
Emissions Trading 
Scheme (JVETS)

2005–
present

CO2 25% cut below 1990 
levels by 2020

Tokyo Tokyo Cap-and-Trade 
Program

2010–
present

CO2 In 2012, emissions were 
reduced by 22% below 
base year levels

European 
Union

EU ETS 2005–
present 

CO2 21% cut below 2005 
levels by 2020

Australia New South Wales 
Green House Gas 
Abatement Scheme 
(NSW GGAS)

2003–12 All GHGs Discontinued to avoid 
duplication with the 
Commonwealth’s carbon 
price

Chile Santiago Air Emissions 
Trading

1995–
present

Total 
suspended 
particulates

Low trading volume; 
decrease in emissions 
since 1997 not definitively 
tied to TP system

Canada ODS Allowance 
Trading

1993–
present

CFCs, Methyl 
Chloroform, 
HCFCs, Methyl 
Bromide

Low trading volume, 
except among large 
methyl bromide allowance 
holders

Pilot Emissions 
Reduction Trading 
(PERT)

1996–
present

NOx, VOCs, 
CO, CO2, SO2

N/A

Alberta Climate Change and 
Emissions Management 
Act

2007–
present

All GHGs Reduce emissions vis-a-vis 
GDP to 50% of 1990 
levels by 2020

Regulatory Framework 
for Air Emissions

2007–
present

All GHGs Industrial emission-
intensity reduction of 
26% by 2015

British 
Columbia, 
California, 
Manitoba, 
Ontario, 
Quebec

Western Climate 
Initiative (WCI)

2013–
present

GHGs First international 
cap-and-trade system to 
consist of subnational 
territories

United 
States

Leaded Gasoline 
Phasedown

1982–
1987

Lead in 
gasoline 
among 
refineries

More rapid phase out of 
leaded gasoline; $250 m 
annual savings

Water Quality Trading 1984–86 Point-nonpoint 
sources of 
nitrogen & 
phosphorus

No trading occurred, 
because ambient 
standards not binding

(Table A1 Continued)
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Country/
Region Name Year Pollutant Effects/Target

CFC Trades for Ozone 1987–
present

Production 
rights for 
some CFCs, 
based on 
depletion 
potential

Environmental targets 
achieved ahead of 
schedule

Protection Heavy Duty 
Engine Trading

1992–
present

NOx and 
particulate 
emissions

Standards achieved; cost 
savings unknown

RECLAIM Program 1994–
present

SO2; NOx NOx emissions fell by 
60%; SOx emissions by 
50%.

Acid Rain Program 1995–
present

SO2 emission 
reduction 
credits

SO2 reductions achieved 
ahead of schedule; 
savings of $1billion/year 

9 
Northeastern 
states 

Regional Greenhouse 
Gas Initiative (RGGI)

2005–
present

CO2 10% cut below 2009 
levels by 2018

27 eastern 
states

Clear Air Interstate 
Rule (CAIR) previously 
known as NOx Budget 
Program

2003–
present

SO2; NOx 61% reduction from 2003 
levels; sharp reductions in 
compliance costs

California CA AB32 2013–
present

CO2, methane, 
N2O, sulfur 
hexafluoride, 
PFC

Target is 17% reduction 
from 2012 levels by 2020

Source: Authors’ compilation.

(Table A1 Continued)
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Comments and Discussion*

E. Somanathan 
Indian Statistical Institute

I enjoyed reading the paper. I really want to commend the authors for having 
done a lot of really thorough, careful, and painstaking empirical research 
on air pollution in India. I think we all have some idea of the effort it takes 
to put all this data together; it is many years of work, and it has been done 
really carefully. We can see the value of that, and it speaks for itself.

I won’t comment on the empirical studies, since I don’t think that would 
be very useful. Let me turn to the policy section, which makes three recom-
mendations. The first is that there should be reliable and transparent data and 
monitoring. The second is that regulatory design should be incentive-com-
patible and economically efficient. The third suggests piloting and evaluating 
the impact of new policies. I agree with all these recommendations, they are 
unexceptionable recommendations, with which everybody would agree. I 
have some reservations about the manner in which the third one is currently 
stated, but I will come to that at the end.

At the outset, let me note that adding a conceptual framework could 
improve the paper because I felt that the Section 3 recommendations don’t 
really flow naturally from the studies in Section 2. Rather, they seem to have 
been decided a priori, or on the basis of other considerations, and then justi-
fied with examples. Let me suggest some ideas for an organizing framework.

Why is the pollution situation so bad and why are our regulatory insti-
tutions as weak as they are? Anant Sudarshan gave the example of the 
Maharashtra Pollution Control Board, where you have one person to inspect 
750 factories. But, of course, it is not just about manpower, it is about 
resources, like money. If you have too small a budget, you can’t really do 
it. So that has to be one consideration.

* To preserve the sense of the discussions at the India Policy Forum, these discussants’ 
comments reflect the views expressed at the IPF and do not necessarily take into account 
revisions to the conference version of the paper in response to these and other comments in 
preparing the final, revised version published in this volume. The original conference version 
of the paper is available on www.ncaer.org.
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Why do we have some of the worst air pollution and water pollution in 
the world? One simple reason is the population density. This is obvious, but 
people somehow seem to forget about it. Our population density is about 
400 persons per sq. km, compared to the world average of 56 persons per 
sq. km. Or if you look at the world country median, it is about 90. So ours 
is about 4.5 times that of the median country in the world. Our population 
density is about 12 times that of the United States, which has a population 
density of about 33 people per sq. km. This just means that if we don’t 
regulate pollution effectively, we would get lot more of it, simply because 
there are a lot more people here.

There is another aspect to the population issue where the economics 
comes in. If you take any given pollution externality, the marginal external 
physical damage from that additional pollution is likely to be 12 times 
as high here as it is in the United States simply because there are 12 
times as many people here to suffer that damage. If damage is measured 
by willingness to pay, there is a countervailing factor, which is that the 
per capita income in India is low. So the value of that external marginal 
damage per person must be correspondingly low because each person is 
able and willing to pay less to avoid that damage because their incomes 
are much lower.

Or if one is looking at externalities that reduce productivity, say labor 
productivity, then again, because labor productivity is roughly propor-
tional to income, loss of productivity must be correspondingly lower in 
India on average as compared to the USA. So our real per capita income 
is about 12 percent of that of the USA last year. If you take both these 
factors into account, the population density is much higher and the real 
per capita income is much lower; you can put them together, you can just 
multiply them. The aggregate marginal external damage, therefore, can 
be expected to be about 12% × 12 = 1.4 times that of the USA for any 
given externality. Of course, this is just a back of the envelope calculation; 
you should not take the numbers seriously. But the point is that there are 
orders of magnitude here; one of them, the income measure, is going in 
one direction, and the other, the population density measure, is going in 
the other direction, and we should expect them to roughly cancel out. In 
terms of orders of magnitude, we should expect that Indians should be, I 
emphasize ‘should be’, willing to pay about as much at the margin to deal 
with any given pollution externality as people in the US.

However, of course, it is clear that pollution is vastly worse here. Why 
is that? Well, just look at the resources devoted to regulation. The US EPA, 



Michael Greenstone et al. 43

when I last looked, had some 18,000 employees. The CPCB has about a few 
hundred. We just heard about the situation at the SPCB. We have much more 
pollution because we have devoted only a small fraction of the resources 
to regulate it. But, as I just said, if you look at the value of the marginal 
damage from any given externality, you should, a priori, not expect it to 
be very different from that in the US. Then, why is there this low level of 
regulation? There is an obvious answer to this question (Somanathan 2010). 
It is that in a poor country, fewer people are aware of the harms from many 
externalities because they don’t have (a) the necessary education or (b) the 
necessary information. So the demand for environmental regulation from 
the general public is lower than it would be if people were well informed. 
Politicians in the final analysis respond to the demands of the public, how-
ever imperfectly.

This also comes back to the first recommendation of this paper, a feed-
back loop from regulation to information to more demand for regulation. 
If you have little regulation, if you have under-resourced regulators, then 
you have very little monitoring, and if you have very little monitoring, 
then you have very little data, and that in turn means you have very lit-
tle information about pollution, and then there is low public demand to 
do something about it. That is the first recommendation of the paper, to 
increase environmental monitoring and make the data transparent. I think 
this is really important, and if we can make progress in this direction, 
then it can start off a virtuous circle of more awareness, more demand for 
regulation, more resources given to the regulator because of that public 
demand, and that means the regulator will have more capacity, there will 
be more monitoring, and so on. So I think that starting this virtuous circle 
is something that really would help. Maybe the one way it can be started 
is that regulators, even though they are under-resourced right now, make 
their data publicly available, whatever they have, and make the data very 
easy to use for the public. 

I now come to the second recommendation about designing regulations 
well. We saw lots of examples in the paper where regulations could be 
better designed. Again, the underlying problem is that if the regulatory 
authorities are starved of resources, then they just don’t have the qualified 
personnel who have the time to do this. There is always crisis manage-
ment, jumping from one thing to the other. One possible way out is for 
the Centre and state governments to levy a fee on all industries, perhaps 
as a percentage of turnover unrelated to pollution, and earmark this for the 
pollution control boards of the states and the Centre. And that fee should 
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be sufficient, based on my back-of-the-envelope calculation, to expand the 
budgets of these regulatory authorities by about 20 times what it is today, 
giving us the chance to have more efficient regulation that internalizes 
externalities fully.

Of course, people have to be incentivized to do the right thing. To some 
extent, if you make the data transparent, there will be a feedback processes 
in the political domain that will help with this. Also, I completely agree 
with the point made in the study about giving the regulator more flexibility 
to make smaller penalties—penalties that are commensurate with the vio-
lation rather than those that either do nothing or impose an extreme penalty 
(Ghosh 2015). The law should also require that when you give the regulators 
more flexibility, they should also be charged with setting the rules, setting 
the standards, on the basis of the best available scientific evidence. So, the 
benefits of any given rule in terms of health and other benefits should be 
with reference to the best available scientific evidence.

Many will say that this is a non-starter in India. Industry will lobby 
against more resources for the regulator, because they will not want more 
regulation. To some extent that is true, but it is always the case that there 
are more technically advanced sections of industry that will benefit from 
better regulation because they are better at dealing with it than their com-
petitors. Also, industry is suffering in the current environment. Anant did 
not really refer to it much, but it is in the paper—we have regulation by 
default by the judiciary. Because the executive is starved of resources, 
pollution gets to a crisis point, people go to the courts, and the courts then 
do something. Typically, the courts do something draconian at that point. 
This is really bad for industry, because the whole process is unpredictable; 
you cannot make investments ahead of time, you can’t plan for this. So, 
industry, in fact, could be better off with smarter regulation that gives the 
regulator more flexibility. 

I am a little leery about the last point, about piloting new schemes and 
conducting formal evaluations. In principle, it is a very good idea. We 
saw some really excellent examples in the study. But we should remem-
ber that there are always costs to doing these things. We are operating in 
an environment in which regulators are highly resource-constrained, not 
only in terms of money but also in terms of time. The problem is that it 
can suck up a lot of resources to find out things that are either obvious or 
are only valid in very particular circumstances. There are usually many 
different dimensions to any given pollution problem, and you have to take 
a decision about all those different things to decide the optimal thing to 
do in this dimension, and in this dimension, and in this dimension. With a 
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statistically rigorous study like a randomized control trial, for example, if 
you want statistical power, at the end of the day you are limited to dealing 
with one, or two, or three dimensions, but in the real world regulators have 
to deal with very many more, and they do need to take those decisions as 
well as possible. So if we take resources away because we are focusing on 
this particular thing, it can end up being harmful. So I do think that being 
careful about piloting and evaluation is a very good thing, but I am not 
sure that the way economists do it is necessarily the way that it should be 
done most of the time.
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Nathaniel Keohane 
Environmental Defense Fund

I think this paper is quite exciting from a research perspective in terms 
of the way the authors, over many studies, have been able to exploit a 
number of very interesting natural experiments and design randomized 
controlled trials. The result is a wealth of fascinating and revealing data, 
and a series of analyses that are both interesting to an economist and quite 
policy relevant.

For my remarks, I want to share a couple of quick thoughts on research, 
and then perhaps focus a little bit more on the policy conclusions. I can’t 
help adding, at the very end, a point about political economy, which was part 
of what I focused on as an academic and is very closely connected to what I 
think about now in my day job at the Environmental Defense Fund (EDF).

First, on research. The research is excellent—the richness of the data-
sets, the ways in which these deceptively simple but very powerful differ-
ence-in-difference kind of approaches have been used—and yields some 
very interesting results. Even so, I would like to push the authors a little bit 
with some further thoughts—recognizing that most of the studies presented 
here have already been completed.
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On the odd-even study, one is left with a little bit of a “yes, but…” 
question. It is interesting that the program worked in January, but in April 
it did not; and you have the beginnings of the story about why that was. It 
would be good to see a little bit more on this. We want to know whether 
it is atmospheric conditions, or whether it is behavior, that is causing the 
policy not to work. So I would encourage you to keep digging into that: it 
looks like you have some data on traffic that could help you tease that out.

Your 2013 Quarterly Journal of Economics paper on inspections in 
Gujarat is fascinating. The question I came away with was what has hap-
pened since—did the SPCB implement this approach, and if so how, well 
has that worked? It sounds as if they did, and if so, I would suggest you 
make that point in the paper. There is an important point here about the 
durability of policy, and while I realize it is never easy to publish a second 
paper on the same topic, it would be surely interesting to see whether those 
effects have lasted. Ultimately, the policy relevance of this research will 
be the answer to the question, how well does it work in the long run once 
it is implemented. Do we still see the impact? Or is there a new way to 
get around the inspections that were put in place? While that might not be 
attractive from a purely academic point of view, it would be interesting to 
see the results and of great relevance for policy. 

On policy, the paper makes three recommendations. I would characterize 
the first as: “Information is important in its own right.” Of course infor-
mation is not enough by itself—it must be used somehow. But the simple 
value of collecting information is often overlooked, and I think there is some 
really good discussion in the paper about the importance of monitoring data, 
particularly data from continuous emissions monitoring systems. Among the 
most interesting examples was the “star rating” approach in Maharashtra. 
The approach is really interesting and quite innovative, but one must also ask 
how effective will it be in changing behavior. I think it would be valuable to 
see the evaluation of that policy. We could think about other roughly similar 
examples. In New York City, for example, there is a restaurant rating system 
that rates restaurants by cleanliness, giving them a grade of A (the best), 
B, C, and so on, which is displayed in the window of the restaurant. If we 
think about the effect that the program has on restaurants, it probably chops 
off the lower part of the distribution; in other words, it is pretty effective in 
getting rid of the worst offenders, but I don’t know how much effect it has 
above that. I think something similar has happened with other policies that 
have made information like that available in the United States and elsewhere. 
On pollution, there was a program EDF was involved in years ago called a 
‘pollution scorecard’ that made public the information about pollution from 
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individual facilities. So I hope you will look at an evaluation of how much 
effect the star rating information had on firm behavior by itself. It’s possible 
that it just chops off the worst offenders—nobody wants to have only one 
star. But how much does it do relative to regulatory standards? That would 
be interesting to see. 

Your second point is about incentive-compatible policies. I would char-
acterize the main takeaway here as that all policies create incentives; the 
question is, what are the incentives, and are they the outcomes of those 
policies or the unintended consequences of those policies? Some of the 
most interesting examples in the paper are about the pervasive importance 
of unintended incentives. For instance, the incentives around reporting and 
auditing in the pilot study in Gujarat, when third-party auditors were paid 
by the polluters, creating the incentives for the auditors to find, as we see 
in the data, that every plant was in compliance, just below the standard. 
Understanding what such incentives are, and showing how they operate and 
what impact they have, are valuable.

Another example involves technology standards, and the difference 
between installing pollution control technology and actually using it. The 
slide that the authors put up on this shows that all the plants in that dataset 
have the right pollution control equipment installed. If you go to the plant, 
the technology is there, but if you measure the actual emissions, they are not 
going down. So again we have unintended incentives: technology standards 
that require certain pollution control equipment can help ensure the presence 
of that equipment, but if we are not monitoring the outcomes then we end up 
creating a perverse incentive to install the equipment but not actually use it.

Perhaps one of the most interesting points made in the paper, but which 
doesn’t receive as much attention as it deserves, is the enforcement of 
penalty design. The idea is that if the only penalties that are available to 
the regulator are draconian in nature—for example, to close the plant down 
completely—then the incentives all point against using that penalty, except 
as a very last resort. On the other hand, if you have more continuous penal-
ties for non-compliance, you may get better enforcement, because it is not 
a life or death situation every time. That is a point made in the paper that I 
think is very interesting.

Another major point the paper makes is how to design policies that align 
the economic incentives of polluters and emitters with the social goal of 
reducing pollution. I think it is right to point out the successes that we have 
seen elsewhere in the world from market-based regulations. I have spent a 
lot of time studying the sulphur dioxide program in the United States under 
the Clean Air Act Amendments of 1990, which was the first large-scale 
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emission trading program. You said at the beginning of your presentation 
that air pollution problems are seen by many as not solvable; another exam-
ple to counter that is acid rain in the United States, which was solved in 
large part by the sulphur dioxide trading program. If you look at before and 
after maps 20 years apart of acid deposition—a measure of acid rain caused 
by sulphur dioxide emissions—you see a huge change as a result of this 
very economically efficient, very effective program. The emission trading 
program created a market for pollution, and that created the right kind of 
economic incentives to reduce emissions at very low cost.

The only other point I would make about market-based policies, and it 
might be worth making in the paper given your review of all the different 
market approaches, is the diversity of approaches that you can use to design-
ing market-based instruments. Economists sometimes make the mistake of 
talking about them as if it is a single approach. It is a class of approaches, 
and the way that market-based regulation has been implemented in practice 
has varied tremendously according to the priorities, the needs, the goals 
and the objectives of the regulators as well as the context. That diversity is 
important to keep in mind as you think about lessons.

The third point you make is the piloting point, which is really interesting 
and is consistent with the first point about information. You not only need 
information around data and monitoring but also need information about 
what works in practice. I think it is very interesting to take advantage of 
India’s federal system here to have that variety of efforts going on in the 
states. I take Som’s point about resource availability, but I think when you 
have the SPCBs that can implement some of those pilots, perhaps you can 
spread those resources around or at least share the learnings and the lessons 
more broadly.

Let me make my final point on political economy. This is rightly a paper 
about policy, and data and research, but I can’t help thinking that politics 
and political economy are absent from the paper. If there is one thing the 
experience of not only incentive-based policies but other environmental 
policies, more generally, has shown, it is the importance of getting the sup-
port for those policies from key stakeholders, including in particular major 
emitters such as electric utilities, manufacturing companies, and so on. I do 
think that the record we have for economically efficient policies, including 
emission trading and other market-based policies, shows that stakeholders 
will come on board and that they will see the economic advantage to them 
in terms of cost-effectiveness and flexibility that those policies offer. But 
getting them to be on board with the policies will still be the key political 
challenge in terms of getting this implemented.
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General Discussion

Indira Rajaraman commented that the dominant source of pollution in Delhi, 
especially in winter, is the burning of crop residue, and wanted to know what 
the authors thought should be done to address the problem.

Shantayanan Devarajan noted that air pollution was a classic textbook 
case on an externality where the goal is not necessarily to eliminate pollution 
but to maximize welfare. The first-best way of doing it was to tax pollution. 
The paper had nicely pointed out the problems of compliance with the com-
mand and control mechanisms that India had largely adopted. Even if there 
was perfect compliance, command and control could have a huge welfare 
cost. It would be useful to get an estimate of the relative cost of command 
and control compared to other first-best mechanisms: the comparison with 
cap-and-trade, which is closer to a market mechanism, might hold clues. 
Besides compliance, command and control also has the problem of a lack 
of political support.

Rashmi Banga wondered if the odd-even type of interventions had worked 
in countries like Thailand and Singapore. She noted that the Commonwealth 
Secretariat was now championing regenerative development, which is not 
climate mitigation or climate adaptation but is climate reversal. It is import-
ant to start sensitizing the public on regenerative development to deal with 
climate change. 

Likening it to a model IPF paper, Karthik Muralidharan said that the paper 
was built on many years of high quality work, and had now been presented at 
a forum where policymakers could actually implement its recommendations. 
He wanted to echo Somanathan’s and Devarajan’s point that the presentation 
of impacts was excellent, but the paper would benefit from a discussion of 
the costs of command and control relative to other, more cost-effective, 
market-oriented ways of dealing with air pollution.

He noted that state capacity to deal with pollution, as with so many other 
functions of government, remained a fundamental problem—he did a quick 
Google search and saw that the CPCB chairman had been appointed after 
four and a half years of vacancy. This led to his question about the current 
mechanisms within CPCB for judging whether it had the right kind of eco-
nomic expertise, a panel of economist experts, or internal economic advisors, 
who could complement the strong technical expertise that the Board had. 
Could a forum like the IPF help in any way to curate the evidence, and to 
design and evaluate policy?

Picking up on this question, Shekhar Shah suggested think tanks like 
NCAER could easily provide the expertise that Karthik spoke about. S.K. 
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Parihar (chair) welcomed the offer and said he would come back to it in his 
closing remarks. 

S.K. Shanthi felt that air pollution should be embedded in a general 
equilibrium framework. It should be an integral part of urban planning and 
city management, just as much as traffic management and public works are. 

Bishwanath Goldar rued the fact that despite discussion of market-based 
instruments over more than 20 years, nothing much had happened. Even in 
power generation, where there was at least a mechanism of cap and trade, 
the amount of actual trading had been limited. He asked whether it was a 
problem of the lack of government initiative, or government understanding 
of market-based instruments, or that market-based instruments don’t work. 
Seeing how the Maharashtra star rating program was working by creating 
citizen pressure on polluting plants to comply with regulations, he asked 
why the other states had not adopted such a program. 

Tarun Ramadorai mentioned that in addition to the very useful discussion 
in the paper on the supply of pollution control, and on monitoring and incen-
tives to avoid detection, it would be useful to understand the demand side 
of pollution reduction. He also noted that there were visible and invisible 
sources of pollution, and often the latter were more dangerous. He asked if 
knew much about the demand for pollution control in those cases.

Dipankar Saha said that Delhi was now equipped with an adequate 
number of pollution monitoring instruments; these were satellite linked, 
and there should be no dearth of monitoring data as far as the Delhi 
National Capital Region was concerned. He said that the Environment 
Protection Act requires industries to provide an environmental statement 
to the public, which if implemented, could help in bringing greater citizen 
pressure on polluting industries. On taxes, he noted that there is already 
a water cess on industries that are water intensive, both at the central and 
state government levels.

Rajesh Chadha explained that crop burning was the result also of the lack 
of knowledge among farmers about its impact on worsening soil quality and 
raising costs. He wanted to know if vehicle sharing through aggregators 
like Uber and Ola had any positive impact on air pollution by reducing the 
number of vehicles on the road. 

S.P. Singh Parihar (chair) in his closing remarks noted the concern about 
the social and health costs of air pollution, especially in the context of Delhi, 
and mentioned that a working group in the Ministry of Environment, Forests 
and Climate Change was specifically studying this impact together with 
the Indian Council of Medical Research and other scientists. He said that 
the issue of regulators imposing civil penalties rather than closing down 
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industries, which is often difficult to do, has been proposed and is under 
consideration in the ministry. 

He recognized that at the Centre, and even more so in the SPCBs, there 
were shortages of manpower, budgets, skills, and laboratories. Some SPCBs 
were well equipped, but others were not, and CPCB was providing capacity 
assistance to them. He stated that while the CPCB did not have a formal 
arrangement for involving economists, it did have a Research Advisory 
Council to which economists could be added, and this was something 
he would pursue. Besides formal deliberations, he would also welcome 
informal discussions with economists. In his ending, he noted that he had 
personally benefited a great deal from the paper and the discussion, and 
would request NCAER to discuss with CPCB on how best to take it forward.
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As states’ bond issuances start equalling the Centre’s, their borrowing calendar 
needs greater attention to avoid market volatility. We find growing differences 
between the budgeted, revised, and final numbers, with strong evidence of apathy 
being the primary driver: such flaws may have been ignored in the past given their 
small size, but these now warrant scrutiny and rectification.
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1. Introduction

Despite the rising importance of state government budgets in the economy 
over the past six years, there has been no comprehensive analysis of 

either changes at an aggregate level or the differences between states on various 
parameters like indebtedness, dependence on Central transfers, flexibility in 
expenditure, and the efficacy of their spending on various heads. A big reason 
for this is the paucity of detailed data, particularly as the only comprehensive 
source is the Reserve Bank of India’s (RBI) compendium of state budgets. 
As this compendium is published only 14–15 months after the presentation 
of budgets, any analysis based on this becomes backward-looking. Further, 
significant differences between budget estimates and what actually transpires 
mean that accurate data is only available with a lag of more than two years.

Over the past three years, we have been publishing detailed budget 
analyses for the larger states, poring over budget speeches by state finance 
ministers and standardizing state level budget data into comparable catego-
ries. This not only allows us to be almost a year ahead of publication of the 
RBI’s compendium but has also led to the discovery of several nuances (like 
large differences between “revised” budget deficits and what is delivered 
finally) that are very important for understanding the trends and patterns 
underneath the publicized headline numbers.

In Section 2, we discuss the steadily rising importance of state budgets on 
several fronts. Growth in their aggregate expenditure has outpaced that by 
the Central Government for each of the last seven years (starting FY2012), 
and their combined spending is now 18 percent of GDP versus just 14 per-
cent in FY2012. Further, state tax collection as a share of GDP has risen 
meaningfully over the past decade. Lastly, while the Central fiscal deficit 
ratio has nearly halved to just above a 3 percent level over this period, the 
States’ ratio has stayed in the 2–3 percent range, and the size of their abso-
lute fiscal deficits is now becoming comparable to that of the Centre. This 
has also meant that the state government bond (State Development Loans, 
or SDLs) issuance every year is comparable to that of the Centre, and their 
calendar is now very important for the bond markets.
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In Section 3, we analyze some major expenditure heads for state gov-
ernments, starting with whether revenue expenditure is as bad as it is made 
out to be, particularly in under-sized governments. As state governments 
shoulder the bulk of the responsibility of providing government services, 
their spending is spread over a wide range of categories. We analyze some 
of the more salient ones, like interest payments and the debt burden of states, 
salaries and pensions, and comment on differences between states on spend-
ing on education (revenue expenditure) as an example. We end the section 
with an analysis of budgeting accuracy (rather, its absence).

In Section 4, we assess the impact of some significant framework-level 
changes that are occurring now: GST, which subsumes 40 percent of all 
of India’s taxes; the recently triggered wave of loan waivers across states; 
and the implications of the Fiscal Responsibility and Budget Management 
(FRBM) Review Committee’s recommendations for debt to GDP levels for 
state governments (Singh et al. 2017). 

Following are explanations of nomenclature and some abbreviations 
used in the paper: 

•	 There are at least four versions of each year’s budget. Budgeted 
Estimates (BE) are presented 1–2 months before the financial year starts; 
Revised Estimates (RE) are published when the next year’s budget is 
being presented (governments at this time have actual data for 9–10 
months of the year, and use projections for the remaining 2–3 months), 
Provisional (available 1–2 months into the next financial year), and Final 
(after all the data becomes available). As India’s financial year ends on 
31st March, FY2018 stands for the fiscal year ending March 31, 2018; 
the suffix ‘b’ for a year indicates BE; ‘r’ indicates RE; and numbers 
without a suffix indicate the provisional or the final numbers.

•	 As large numbers get mentioned frequently, we shorten trillion to ‘tn’, 
billion to ‘bn’, and million to ‘mn’. 

•	 YoY stands for Year-on-Year: a measure compared to a similar one 
from the previous year.

•	 CAGR stands for the Cumulative Annualized Growth Rate.
•	 To make charts more readable, we use two-letter abbreviations for 

states: their mapping is in the Appendix.

2. Rising Fiscal Importance of the States

Growth in aggregate expenditure of state governments has outpaced that of 
the Central Government for each of the last seven years (starting FY2012). 
In this analysis, to avoid double-counting, we subtract from the Central 
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Government’s spending the transfers to the states where the Centre does 
not control the last-mile delivery: we thus look at “net” central spending in 
these comparisons. These transfers are mainly grants under various heads, 
including some Centrally Sponsored Schemes (CSS) like the Sarva Shiksha 
Abhiyan (SSA). 

Such a sustained period of faster growth in state spending has not been 
seen in the past several decades. This has been supported by four impor-
tant changes: (a) even before the 14th Finance Commission-recommended 
42 percent devolution of taxes was implemented (Reddy et al. 2015), the 
Central Government had started combining programs that focused on state 
subjects, and giving state governments more discretion; (b) the 14th Finance 
Commission’s recommendations increased state governments’ control; 
(c) state governments’ own tax revenues have continued to grow; and (d) a 
steady increase in nominal GDP has created more fiscal space for states even 
though their aggregate fiscal deficit ratio has remained below the mandated 
3 percent of GDP, even as a sharply shrinking deficit ratio for the Centre 
has kept the absolute Central fiscal deficit broadly unchanged.

As a result of these trends, from spending 6 percent more than the 
Centre in FY2011, the states are budgeted to spend 87 percent more than 
the Centre in FY2018b (Figure 1). Even adjusting for the Ujwal DISCOM 
Assurance Yojana (UDAY), where state governments took on the State 

F I G U R E  1 .  States Now Spend 1.87× the Centre’s Net Spend

0.9×

1.0×

1.1×

1.2×

1.3×

1.4×

1.5×

1.6×

1.7×

1.8×

1.9×

0

5

10

15

20

25

30

1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018b

State Centre (net) Ratio (RHS)

` tn

Sources: RBI, Budget documents, Credit Suisse estimates.



Neelkanth Mishra and Prateek Singh 57

Electricity Board debt, the related expenses of `732 bn and `638 bn in 
FY2016 and FY2017, respectively, expenditure growth was in the high 
teens in the last three years. 

However, the growth in expenditure has slowed down in FY2018b to just 
9.3 percent over FY2017r, the lowest in more than a decade. While this is 
still higher than the growth budgeted by the Centre, it suggests that the forces 
that were driving the divergence are now waning, and the gap between the 
Central and state expenditures should be plateauing going forward. 

The main reasons for this slowdown appear to be a smaller increase in 
Central transfers and a drop in the fiscal deficit: these offset the increase in 
own revenue growth. After three years of sharp increases in Central trans-
fers, when these rose by `1.4–2.4 tn each year, the increase in FY2018b 
would be only `1.1 tn; on the higher base, the growth therefore appears 
lower. The budgeted decline in the absolute fiscal deficit for FY2018b is 
also intriguing, coming as it does at a time when the popular consensus is 
of profligate states undoing the fiscal discipline of the Centre. The budgets 
for the states do not yet incorporate the loan waivers announced in the past 
few months, but as we demonstrate in Section 4.2, the impact of those is 
likely to be spread out over several years.

We discuss all the themes in detail in the following sub-sections.

2.1. Pickup in Central Transfers

Of the `19 tn increase in State government expenditure between FY2011 
and FY2018b, 43 percent came from the rise in Central transfers (Figure 2). 
These consist of two parts: a direct share of Central taxes, and grants from 
the Centre.1 While the first part comprises untied funds, meaning that the 
states have complete discretion in spending them, the grants generally come 
with pre-conditions, mostly about the desired areas of spending, but often 
also necessitating matching contributions from state governments. 

As has been well discussed, the impact of the 14th Finance Commission 
was very significant in the sharp jump in the share of Central revenues 
directly transferred to the States. While the 11th to the 13th Finance 
Commissions had raised the proportion in increments of 50 to 150 basis 
points (bps), moving from 29 percent to 29.5 percent in the 11th, to 30.5 
percent in the 12th, and to 32 percent in the 13th, the 14th Finance Commission 

1. Central transfers to states take many forms: there are Centrally Sponsored Schemes 
(CSS), special grants to the North-Eastern states and Union Territories, Finance Commission-
mandated transfers for specific purposes including for revenue deficit states, and other schemes. 
For brevity, we have loosely combined them into ‘grants’.
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F I G U R E  2 .  Sources of Funds for Rise in Expenditure during FY2011–FY2018
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raised it to 42 percent in one go. To be clear, however, this was also accom-
panied by some reduction in grants to states, and the total transfers did not 
rise by that quantum.

In FY2018b, growth in the Central Government’s gross tax revenue 
is also slowing down, from 17 percent each in FY2016 and FY2017r to 
just 12 percent in FY2018b, as the boost from the surge in excise duties 
on petroleum products as well as the increase in service tax rates is now 
in the base. This is reflected in the slower growth in transfers to the 
states as well. Further, whereas the grants to states, where the Centre 
holds some discretion in annual allocations to states, had increased by 
`540 bn in FY2017r (a growth of 16 percent over FY2016), in FY2018b, 
the growth is only `282 bn (a growth of 7 percent over FY2017r). This 
decline appears to be mostly in the grants to North-Eastern states and in 
the Revenue Deficit grants: the latter are issued as per the instructions 
of the 14th Finance Commission. These declines offset the increases in 
grants under the CSS. 

As one can expect, states where Central transfers form a large part 
of the revenue receipts are budgeting for slower growth in spending in 
FY2018b. The outliers to this trend are Telangana and Andhra Pradesh 
on the higher side, and Maharashtra and Tamil Nadu on the lower side. 
Both Telangana and Andhra Pradesh are to receive special funds from the 
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Centre due to promises made at the time when Telangana was carved out of 
Andhra Pradesh, for example funding for the Polavaram irrigation project. 
Maharashtra was budgeting for a sharp decline in the fiscal deficit ratio 
from 2.0 percent in FY2017r to 1.5 percent in FY2018b before the recently 
announced loan waivers, which explains its low expenditure growth. For 
Tamil Nadu, a ̀ 228 bn UDAY-related spend in FY2017r elevated the base: 
adjusted for that, the growth would be 11 percent YoY.

2.2. Growth in Own Receipts

The ability to spend more is not all due to the Centre delegating more 
responsibility: growth in own taxes has funded a third of the ̀ 19 tn increase 
in the states’ aggregate incremental expenditure between FY2011 and 
FY2018b (Figure 2) state taxes as a share of GDP have risen quite sharply 
from the bottom of 4.9 percent in 1999 to 5.9 percent by FY2011, and fur-
ther to a budgeted 6.5 percent in FY2018b (Figure 3). The increase from 
2009 onwards is attributed to the lagged effects of VAT implementation 
(Viswanathan 2016), which started in 2005 but was implemented by a few 
large states some years later, and then took a few years to stabilize.

A less well-documented fact is that while initially all the states started 
with the standard VAT rate of 12.5 percent, over time this increased to 
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14–15 percent in most states. Karnataka, for example, raised the standard 
rate from 12.5 percent to 13.5 percent in 2011, to 14 percent in 2012, and 
to 14.5 percent in 2013 (as also the concessional VAT rate from 4 percent 
to 5 percent); Tamil Nadu raised it to 14.5 percent in July 2011. Table 1 
shows the rate changes for some of the larger states.

In the last two decades, aggregate tax to GDP in India has also 
increased, and the states’ share of aggregate tax collection in India has 
ranged between 33 percent and 40 percent over this period. Between the 
advent of Central Government reforms in 1991 till 2002, as the Central 
Government rationalized tax slabs as well as rates, while the states did 
not, the states’ share had increased to over 40 percent of the overall taxes. 
But then as Central tax revenues surged, driven among other things by 
a sharp improvement in corporate profitability, their share fell below 33 
percent, bottoming in FY2008. The ratio increased again to nearly 39 
percent, as VAT implementation (and the rate increases that followed) 
boosted state taxes, and Central taxes did not grow as fast (due to weaker 
corporate profitability as well as tax cuts effected to boost the economy 
in FY2009). In recent years, that is, FY2016 and FY2017, higher excise 
duties on petroleum products and the rise in service tax rates have caused 
this ratio to dip back to 36 percent.

Looking at state-level trends, it is clear that in the five-year period 
between FY2011 and FY2016 (the last year for which the final figures are 
available: budgeted and revised numbers are not as trustworthy) the tax to 
Gross State Domestic Product (GSDP) remained within a range for most 
states, like it did for the states’ aggregate tax take. However, there were 
a few exceptions: states like Karnataka and Tamil Nadu saw their ratios 
drop sharply during the period, but this was either due to GDP revisions 
(Karnataka’s FY2017 GDP was 65 percent higher than that in FY2016), 

T A B L E  1 .  Changes to Standard VAT Rates for Some of the Larger States  
(in %)

Financial Year 2009 2010 2011 2012 2013 2014 2015 2016 2017

MH 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 13.5
UP 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5
TN 12.5 12.5 12.5 14.5 14.5 14.5 14.5 14.5 14.5
KA 12.5 12.5 13.5 14.0 14.5 14.5 14.5 14.5 14.5
GU 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0

Source: Sales tax departments of various states.
Notes: 1. The acronyms for the states given in the table are expanded in the Appendix to this paper. 

2. The numbers marked in bold signify tax rates after an increase.
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or rapid GSDP growth (in Tamil Nadu) without a concomitant increase in 
taxes. On the other hand, the own tax to GSDP ratio went up for states like 
Jharkhand, Bihar, and Rajasthan.

2.2.1. SALES TAX/VAT REMAINS THE DOMINANT SOURCE OF TAX REVENUES 
State sales tax, also called Value-Added Tax (VAT), remains the dominant 
source of tax revenues for state governments, accounting for 60 percent of 
the `10 tn in taxes collected by them in FY2017b. Property Taxes (stamp 
duty, registration fees) and State Excise (i.e., manufacturing taxes on alcohol 
production) are 12 percent each of the overall taxes, and there are minor 
contributions from taxes on vehicles (5 percent: road tax), CST (4 percent), 
Electricity (3 percent) and Others (4 percent). 

The share of non-VAT taxes in the states’ own tax receipts has been 
falling slowly but steadily over the last three decades. From 42 percent in 
1991, it has fallen to about 36 percent in FY2017b; the decline since FY2011 
has been about 2 percentage points. There is a cyclical element in some 
non-VAT taxes like property taxes, but that can only explain weakness in 
a few years: the decline, on the other hand, has been surprisingly steady 
and long-drawn. A possible reason is that states have been lax in exploiting 
non-VAT sources of tax revenues. 

This hypothesis is supported by the fact that non-VAT taxes are much 
more concentrated in their state-wise distribution among the top five and 
top ten states than VAT collection, overall tax collection and population. 
The top five and ten tax collecting states account, respectively, for 42 per-
cent/65 percent of the population, 47 percent/72 percent of the GDP and 
47 percent/72 percent of the VAT collections, but for State Excise (i.e., alco-
hol manufacturing taxes), Property Taxes and CST, these ratios are 10–12 
percentage points higher at 56–59 percent and 80–81 percent, respectively 
(Figure 4). Moreover, the sets of states in the top five and top ten among 
the non-VAT taxes are also different. 

There are some natural constraints of course. In stamp duty/registration 
tax collections for example, while there are (sometimes stark) differences 
in rates across the states as well, states that have more populous cities 
have a natural advantage in generating revenue from this source. As an 
extreme example, Bihar, which is just 11 percent urban, cannot, even if 
it wanted to, generate as much property tax as say Tamil Nadu, where 48 
percent of the population lives in urban areas. The existence of several 
large cities like Mumbai, Pune and Nagpur in Maharashtra increases its 
tax potential (21 percent of all real-estate taxes), and the same holds true 
for Uttar Pradesh (14 percent: NOIDA and Ghaziabad are satellite towns 
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F I G U R E  4 .  Non-VAT Taxes Are More Concentrated among a Few States
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of New Delhi), Tamil Nadu (8 percent: Chennai), Karnataka (7 percent: 
Bengaluru), Gujarat (8 percent: Ahmedabad) and West Bengal (6 percent: 
Kolkata) as well.

Similarly, the stronger manufacturing-led economies of Gujarat, 
Maharashtra, Tamil Nadu, Karnataka and Haryana make them dominant in 
CST collections. In the GST regime, however, these “export taxes” (levied 
on goods manufactured for sale in other states) get abolished, however.

The states’ laxity in generating tax revenues is also visible in the over-re-
liance on petroleum products and alcohol in VAT collections: 29 percent 
of VAT in FY2014 came from petroleum products, and another 11 percent 
from alcohol (the number for alcohol is an approximation, as only Tamil 
Nadu discloses it separately). This was in addition to excise duties on alcohol 
that contributed 10–20 percent of all taxes for several states in FY2017b 
(12 percent for all the states put together). Some states levy very high tax 
rates on alcohol and in states like Kerala, nearly all sales must pass through 
state-owned enterprises. These drive significant mark-ups, and then the 
booked profits are passed on to the state government as dividends. This is 
the reason why states have been reluctant to allow alcohol into GST, and 
also unwilling to set GST on petroleum products. 
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Thus, there appears to be significant unexploited potential for tax collec-
tion even in the taxes administered by state governments.

2.2.2. SHARE OF NON-TAX REVENUES STAGNATING AFTER A STEEP FALL, BUT OF BETTER QUALITY

Worryingly, states’ own non-tax revenues have grown slower than taxes, 
and have fallen from 18 percent of all revenue receipts in 1995 to just 8 
percent now. From being 2.1 percent of GDP in FY1995 and 1.6 percent 
in FY2008, they just add up to 1.2 percent of GDP in FY2018b. This is 
higher than the low of 1.1 percent in FY2012 but still indicates an inability 
to generate other forms of revenue.

However, an analysis of the split of non-tax revenues provides some 
comfort. Interest income used to be a dominant source of non-tax income 
for state governments, but has come down significantly (Figure 5). After 
2005, non-tax receipts were also boosted by some incentives given to states 
for fiscal correction, as part of the 12th Finance Commission grants. On 
the other hand, income from sources like industries, power, and petroleum 
have picked up, and that from forestry has declined in relevance. In recent 
years some states have also started to push for revenue generation from 
land: for example, Telangana had budgeted Rs 82 bn from land sales to 

F I G U R E  5 .  Share of Non-tax Receipts over Time
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industry in FY2017, even though court cases slowed down the process, and 
there was significant revenue slippage (Telangana Budget Speech 2017). 
In states like Maharashtra such revenue generation has been commonplace, 
but mostly within urban centres to fund the city government (e.g., in the 
Bandra Kurla Complex in Mumbai). The administration of Jaipur (capital 
of Rajasthan) has also had some success in generating revenues through 
such means.

2.3. The Trend of State Deficits Determined Not by States but by  
the Centre 

There has been much concern, if not alarm, recently on the profligacy of 
state governments undoing the fiscal contraction at the Centre. While the 
pick-up in state fiscal deficit ratios in the past six years has indeed slowed 
down improvement in the general government deficits, the concern gets 
exaggerated by two factors: the first being that FY2011 saw among the 
lowest ratios ever recorded for states and so is not the best starting point, 
and the second that UDAY-related borrowing drove the headline deficits 
higher. Adjusted for UDAY, aggregate state deficits have been in the range 
of 2.5–2.7 percent of GDP in the last five years, and well within the 3 per-
cent range prescribed for them. This is despite some of the states starting to 
use the 50 basis points (bps) of extra fiscal room available to them if their 
debt to GSDP ratio and their interest expenses are within specified limits.

However, the reality is far less worrying, and the critical commentary 
shows a lack of awareness of how state deficit targets are determined and 
by whom. 

As per Article 293(3) of the Constitution of India, state governments 
that are indebted to the Central Government (or have loans guaranteed 
by the Centre) must seek its consent before raising further borrowings. 
As all states currently have outstanding loans to the Centre, the Central 
Government effectively decides the fiscal deficit for the states. This situa-
tion is likely to persist at least till the middle of the next decade, when some 
of the Central debt issued around the debt restructuring of 2005–06 starts 
to mature. Even after that, it is possible that states may have loans (e.g., 
from multilateral agencies) that have Central guarantee; this could extend 
the period for which this clause is operative. As per the recommendations 
of the 14th Finance Commission, the Centre is already seeking legal advice 
on retention of this control.

In this context, the movement of the aggregate fiscal deficit ratio of the 
state governments (Figure 6) is easier to understand.
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F I G U R E  6 .  State Deficits up from Lows, but under Control, and Are Likely 
to Stay That Way
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The ratio declined sharply between FY2005 and FY2010, the period 
governed by the 12th Finance Commission, which had recommended that 
the states keep their deficits within 3 percent of their respective GSDPs for 
the following five years (so that the aggregate remains within 3 percent of 
GDP). But there were two problems: 

1. The Commission had projected the states’ nominal GSDPs during 
2005–10 at 12 percent per annum, using FY2005 GSDP as the base. 
The Centre set the borrowing targets for states based on this GSDP 
projection, and thus capped the states’ fiscal deficits. However, the 
lowest nominal growth seen in this period was 13 percent in FY09, 
and India’s nominal GDP grew at an average of 15 percent between 
FY2005 and FY2010. With the numerator (i.e., the absolute fiscal 
deficit, defined by borrowing targets) assuming lower growth and 
the denominator growing much faster, the fiscal deficit ratio plum-
meted. This was not out of any intent to consolidate fiscally to the 
levels that were reached. For some states like Haryana that grew 
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faster than the national average, the reduction in the deficit ratio 
was dramatic.

2. When fixing the borrowing targets, the GSDP is measured at factor 
cost while the national GDP is measured at market prices, which is 
generally higher as it includes indirect taxes and excludes subsidies. 
As a result, a 3 percent limit on each of the state GDPs at factor cost 
comes out to be a lower ratio when we take it versus national GDP. 
The 12th Finance Commission noted the need to use GDP at market 
prices but they maintain status quo for the lack of a readily available 
practical alternative. The 13th Finance Commission had also noted 
the absence of alternatives.

To fix the first problem, the 13th Finance Commission recommended that for 
calculation of the borrowing target, GSDP projections be made every year, 
using the previous year’s base, instead of projecting for five years in one go. 
The result was visible in the rise of aggregate state deficit ratios after 2011.

An additional measure of state fiscal health is the revenue deficit ratio. 
This had reached worrying levels around the late 1990s, particularly as 
some states appeared to get caught in a debt trap, with very high interest 
costs. The 12th Finance Commission had introduced a debt waiver incen-
tive dependent on revenue deficit improvement by states, and also required 
them to enact their respective FRBM Acts. All states (except Sikkim and 
West Bengal, which did so in 2010) passed the FRBM legislation between 
September 2002 (Karnataka) and May 2007 (Jharkhand). Partly due to the 
very conservative formulaic fiscal deficit target, and partly due to the FRBM 
legislation, this deficit did come down substantially, and is still close to zero 
in aggregate (Figure 7).

2.4. States Now a Much Bigger Part of the Bond Market Than Earlier 

One trigger of negative commentary is when financial markets press the 
panic button: bond traders have been spooked by the rising share of SDLs, 
that is, bonds issued by state governments to fund their deficits in overall 
government bond issuance (Figure 8). While this is in no way surprising, as 
the Central deficit ratio has halved and starts to approach the states’ ratio, 
their borrowing requirements should converge as well. It is educative to see 
when this stress started showing: while the trend was clear from FY2012 
onwards, it was the 30 percent-plus growth in SDL issuance for two con-
secutive years that the market seems to have been startled by. 

This is why the SDL yield spread over G-Secs (i.e., the yields on SDLs 
minus the yield on the 10–year Central Government bonds) started to 
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F I G U R E  7 .  Revenue Deficit
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F I G U R E  8 .  State Borrowing versus Central Borrowing
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widen from 2015 onwards: the spikes in this spread are associated with the 
UDAY-related bonds, but the overall increase in their relative size of issu-
ance undoubtedly has had a role too. The markets’ tendency to extrapolate 
trends, and the absence of updated data (the RBI’s compendium of state 
budgets comes with a lag of 14–15 months, by which time it is outdated for 
all practical purposes) has kept these fears high.

However, our aggregation of FY2018b state budgets suggests that this 
trend is already tapering off. Further, states are now funding most of their 
deficits directly through bonds, which is a healthier alternative from a 
transparency perspective (instead of through small savings schemes, where 
market mechanisms are bypassed), but has meant that bond issuance has 
grown faster than deficits. This ratio now appears to be peaking as well, 
implying that borrowing cannot grow faster than the growth in deficits. In 
Section 4.3, we discuss why the impact of farm loan waivers is unlikely to 
change bond issuance targets meaningfully this year. 

Another trend that often gets highlighted is the bond market’s lack of 
differentiation between states. The yields on Punjab’s bonds are lower than 
the yields on Karnataka’s, despite the debt to GSDP ratio for Karnataka 

F I G U R E  9 .  Yield Spread between States Remains Very Low, with Minimal 
Change over Time
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being less than half that of Punjab. The yield spread for SDLs of different 
states issued in each auction (there are two a month) is rarely more than 20 
bps, and this spread, while volatile, has not changed meaningfully in the 
period we are analyzing. 

The spread between states is generally more dependent on the timing 
of the auction (e.g., yields at an auction at a time when there is a surfeit 
of issuance like during UDAY, could be much higher than at a time when 
issuance is weak) and the liquidity of the bond than the states’ indebtedness. 
In Section 3.2, we discuss some reasons why this is the case, but for now 
this indicates that a debt-driven blow up is unlikely.

While clearly there does not seem to be any need for alarm, these changes 
do throw up some important questions, and also necessitate some changes. 
For example, the revised FRBM framework, as recommended by the FRBM 
Review Committee (the NK Singh Committee) sets a debt to GDP target 
for state governments as well. This has been set at 20 percent versus 40 
percent for the Centre, and may require significant reduction in the states’ 
fiscal deficits in the coming years. The ratio is currently 24 percent, and as 
many as 11 of the 18 major states (by the size of the budget) have the ratio 
above the target.

Where policymakers do need to change, however, is in the issuance 
calendar for states. State government borrowing is currently second-half 
skewed, and a disproportionately large quantum of bonds is issued in the 
final quarter. As demand for private credit in India is also skewed towards 
the second half of the financial year, which creates market distortions. 
To avoid unwarranted volatility, that is, too little demand on savings in 
the first half and too much in the second half, the Central Government 
generally schedules 60 percent of its borrowing in the first half, and 40 
percent in the second half. As state issuances were much smaller earlier, 
their borrowing followed a more natural rhythm. However, as their share 
of general government bond issuance has climbed, they are now starting 
to distort the financial markets (Figure 10), and may even be the reason for 
some of the recent panic around state deficits. This needs urgent attention 
from policymakers.

3. Analyzing Expenditure Trends and Patterns

The share of states in combined government expenditure has increased from 
51 percent in FY2011 to 65 percent in FY2018b. But do they spend wisely and 
more important, productively? How does one define productive expenditure: 
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F I G U R E  1 0 :  First Half/Second Half Fiscal Year Imbalance in Total 
Government Borrowing Has Worsened with the Rising State Share
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is high capex always good? Further, while a greater share for states is in many 
ways true to the Constitution and should be irreversible and beyond debate, 
concerns have often been raised on whether the states have the capacity to 
handle such responsibility. Some apprehensions have also been expressed 
on whether social sector spending could be taking a back-seat as the Centre 
transfers control to the states. We analyze some of these issues in this sec-
tion. While macroeconomic data is too coarse to provide conclusive answers 
to some of these questions, our analysis does uncover some revealing trends.

3.1. In Under-sized Governments Revenue Expenditure Still Appears Important

A common measure of the extent to which government outlay is ‘wasteful’ 
is the share of capital expenditure (capex): the implicit assumption here is 
that state governments have a natural incentive to spend on revenue items 
like salaries and subsidies, which can help them get votes, as against capex, 
which is typically of longer gestation, and could end up benefiting the gov-
ernment that follows.
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Capex is only about 17 percent of FY2018b state spending: this has fallen 
in the last two years from an all-time high of nearly 20 percent in FY2016, 
but is still among the highest seen in the last three decades. The ratio varies 
significantly among the major states: from less than 10 percent in Kerala to 
nearly 25 percent in Telangana. As many as 9 of the 16 major states have a 
capex ratio at or above 20 percent. Since FY2012, capital expenditure has 
increased at a faster pace than the overall expenditure, growing at 18 percent 
versus 16 percent overall.

In the last two years, state governments have been allowed to increase 
the fiscal deficit ratio up to 50 bps beyond the 3 percent ceiling if they 
meet specific conditions, that is 25 bps if they have a revenue surplus for 
the year, and their debt to GSDP is below 25 percent, and another 25 bps if 
the interest cost as a percentage of revenue receipts is less than 10 percent. 
These guidelines ensure that higher deficits are being incurred only for 
capex, and that the rise in debt, even if incurred for capex, should not trigger 
a debt sustainability problem. Some of the states like Madhya Pradesh and 
Telangana have used this leeway to increase their capex.

We would, however, caution against presumptuous conclusions that reve-
nue expenditure is all bad. Most states that have below average capex ratios, 
like Kerala, Maharashtra, Haryana and Tamil Nadu, have above average per 
capita GSDP, and are generally considered more prosperous states. In fact, 
states with a larger government size, as measured in the number of gov-
ernment employees per unit population, appear to have higher productivity 
levels (Figure 11) (Mishra 2015). This is simply a correlation for now, and 
there are exceptions: for example, Gujarat has similar per capita GSDP as 
Tamil Nadu despite having 33 percent fewer employees, but it cannot just 
be a coincidence that all states with below average per capita GSDP also 
have small governments.

This surprises many economists, as it flies in the face of conventional 
thought that small government is good. In India, however, governments 
appear to be too small, not too large (though perhaps they are indeed bloated 
in some parts, making them much smaller than what appears in headline 
statistics in the departments where they need more working staff). A usual 
counter we hear is that Figure 11 just shows correlation, and the direction 
of causality could very well be on the other side, that is, more prosperous 
states have more funds to run the government and hire more staff. 

However, we note that even on essential services like policing, the 
weaker states have a much smaller headcount per capita than the larger 
ones. Countries like Japan and Canada have 50 percent more police person-
nel (per unit population) than India with a ratio of 2.0 in 2013 versus just 



72 IND IA  POL ICY  FORUM,  2017–18

F I G U R E  1 1 .  Low GSDP/Capita States Have Fewer Employees
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1.38 in India, despite access to significantly better equipment like cars and 
smartphones that one can safely assume improve productivity as well. While 
the presence of central police forces like the Central Reserve Police Force 
(CRPF) and the Central Industrial Security Force (CISF), which continue 
to expand in size, and deal with the non-routine policing functions like 
combating Naxalites, does complement the police forces in most states, the 
aggregate numbers are still too low by global standards. Similar arguments 
can be made for state employment in education or even in State Transport 
Corporations. These are basic services that are sometimes best provided by 
state governments, and in their absence, the economy suffers.

Thus, the narrative that states like Tamil Nadu and Maharashtra have 
higher productivity because they employ more people and therefore provide 
better quality government services like maintaining law and order and also 
a social safety net, has much merit. That Bihar’s police density was half of 
India’s average, and even Uttar Pradesh was only at 1, partly explains the 
poor state of law and order, and the existence of musclemen and private 
militias in these states. This implies that revenue expenditure is not all 
bad, and a jump in hiring by state governments does not equate to wasteful 
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F I G U R E  1 2 .  Non-discretionary Spend High for Some States
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spending. Most of state government employment is indeed for schools, law 
and order, urban administration and health.

It is within revenue expenditure that some worrying patterns emerge, 
particularly for some states. In Punjab, for example, the burden of salary, 
pensions and interest costs is as high as 65 percent of the total expenditure. 
As much as we in principle support better state government services requiring 
more personnel, these are non-discretionary expenditure heads, and they not 
only crowd out spending elsewhere, but also make the fiscal health quite frag-
ile: even a minor revenue shock could create significant stress in these states. 
States like Kerala and West Bengal have such constraints too (Figure 12), but 
this does not appear to be a problem at the national level. Some developed 
states like Gujarat and Karnataka have this ratio well under control.

3.2. Focus on Social Spending Continues

A look at the split of revenue expenditure indicates that concerns that social 
spending gets de-prioritised may be misplaced. A third of the states’ aggre-
gate revenue expenditure is on education and social welfare (Figure 13); 
even Social Welfare in most states involves running schools and hostels for 
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F I G U R E  1 3 .  Split of States’ Revenue Expenditure (FY2018b)
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children of Scheduled Caste/Scheduled Tribe or Other Backward Castes, and 
various forms of subsidized education like scholarships. Further, the split of 
incremental expenditure between FY2015 and FY2018b suggests that this 
pattern has continued, with over 30 percent of the increase in spending on 
education and social welfare. 

In particular, states’ aggregate education spending as a percentage of GDP 
has been rising steadily, and is now at an all-time high of 2.9 percent, from 
being as low as 2 percent in FY2009, and 2.4 percent in FY2011. If there 
can be questions, they should be on the efficacy of this spending. Social 
welfare spending as a percentage of GDP has also been rising, and despite a 
slight budgeted decline in the ratio to 1.6 percent in FY2018b, put together, 
the states are to spend `2.7 tn on social welfare. 

However, the trends vary between the states, and are in some cases deeply 
worrisome, particularly in education. Education spending as a percentage of 
GSDP varies widely from 1.6 percent in Karnataka to 5.2 percent in Uttar 
Pradesh (Figure 14), as does spending per student: from a low of `8,000 
per year in Bihar to nearly `30,000 per year in Kerala. Thus, despite Bihar 
spending more than 4 percent of its GSDP on education, the spend per 
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F I G U R E  1 4 .  Spend on Education as % of GSDP across States
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capita is nearly a fourth of that of Kerala where education spending as a 
share of GSDP is less than the national average of 2.9 percent. Needless to 
say, there are different spending models: Maharashtra for example, relies on 
aided schools—the state government expenditure is thus curtailed, without 
directly affecting the total spend.

Wide differences in terms of where states rank on these two ratios 
is explained by stark differences in per capita GSDP between them. 
Economically weaker states like Uttar Pradesh and Bihar appear to face a 
significant fiscal challenge in meeting their demographic burden: despite a 
high spend ratio they also have the lowest spending per student, and have 
a high Pupil Teacher Ratio. Particularly as these states also have the demo-
graphic pressure to educate children (as per the 2011 Census, a third of the 
population below the age of six is in Uttar Pradesh and Bihar), this is as 
much a fiscal problem as an administrative one.

3.3. Interest Costs: A Challenge Only for a Few States

Given the rise in state borrowing due to UDAY and the pick-up in deficit 
ratios since FY2011, there is an apprehension of a sharp increase in interest 
costs for states. However, we note that interest costs have been coming down 
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as a share of total spending for state governments since the peak of 19 percent 
in 2005, particularly after the restructuring of state debt in the middle of 
the last decade. At 10 percent it is now the lowest in three decades, though 
it varies from 4 percent to 16 percent of expenditure for various states. For 
comparison, 24 percent of central spending is on interest. Interest costs are 
a concern for the heavily indebted state of West Bengal (16 percent of total 
expenditure), and almost irrelevant at 4–8 percent of total expenses for states 
like Chhattisgarh, Odisha, Jharkhand, Bihar and Madhya Pradesh. Further, 
75 percent of all interest costs are now paid on loans directly issued by state 
governments. This is in stark contrast to the situation before 2000, when 
most of state debt consisted of loans from the Centre.

While interest costs are a lagging indicator (when they start climbing as 
a share of expenditure, the borrower is already well into the debt trap), they 
do not appear to be an immediate area of concern. As a result of UDAY, 
aggregate state debt to GDP has nudged up in the last two years, but at 24 
percent it is still meaningfully lower than the extreme levels seen in the 
period 2000–2007 and only marginally off the bottom. 

However, there is a significant skew in the debt distribution, as most of the 
states are meaningfully above the 20 percent of GSDP recommended by the 
FRBM Review Committee. The lower debt to GSDP in some heavyweight 
states like Maharashtra, Karnataka and Tamil Nadu brings down the overall 
ratio. For the economically weaker states, reducing the ratios in the next five 
years could be cumbersome (we look at this in detail in Section 3.4). 

The share of interest costs in total expenditure does not seem to be 
correlated to the indebtedness of the state: Uttar Pradesh and Bihar, for 
example, have high debt levels but interest costs are a smaller part of 
expenditure. This is due to these states having very high expenditure to 
GSDP: in fact, the weaker states appear to have higher expenditure to 
GSDP (Figure 15). As discussed earlier, most of these states are more reliant 
on Central transfers to fund their budgets than the states that are better off. 
Further, as a share of the state’s economy, governments are much larger in 
the weaker states.

For most states, there is limited risk of a debt trap for now, that is, where 
rising debt drives interest rates higher, and the resultant jump in interest costs 
squeezes spending, which slows the state down, and hurts revenues. With 
nominal GSDP growth mostly in double digits, a fiscal deficit ratio below 
3–3.5 percent can make a debt spiral unlikely, in our view.

Some of these complexities contribute to why market forces do not 
seem to discipline the States, and debt to GSDP seems uncorrelated to their 
borrowing costs. Much ink has been shed on analyzing this “failure of the 
markets”, particularly as there is no explicit sovereign guarantee. We find 
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F I G U R E  1 5 .  Economically Weaker States Have a Higher Spending Ratio
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three reasons why this is so. Firstly, the Central Government controlling 
state borrowings (see the discussion on Article 293 in Section 2.3) is natural 
protection from the state going under. Secondly, the RBI acts as the banker 
to state governments and conducts the bond auctions, and provides bond 
buyers with a claim on tax revenues. Thirdly, the buyers of these bonds are 
mostly insurance firms and banks for whom these bonds are part of statutory 
holdings—with most of them being government-owned in any case, there 
is no intention of differentiating between States.

A bit of history can provide some additional perspective on why bond 
holders assume the implicit guarantees. Till the middle of the 1990s, when 
most of the banking system was still nationalized, state government bonds 
were allocated by the Central Government to different banks. They are thus 
conditioned to holding these as guaranteed by the Centre, and did not really 
care which state’s bonds they were getting. Even after state bonds started 
getting auctioned, this link has continued. 

Further, even in more loosely integrated entities like the European Union 
(EU), yield spreads among EU members narrow when the Union’s survival 
is not in question. They widen when the market fears fissiparous tendencies 
are on the rise. India is much more tightly integrated, and is a union of states, 
as against being a federation.
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That means the Central Government remains the only entity that can poten-
tially discipline recalcitrant states in the case of persistent profligacy. That 
said, the Centre itself, sometimes for political reasons, like in the case of West 
Bengal a decade and a half back, can permit profligacy (the communist parties 
in power in the State were supporting a minority government at the Centre). 
The Centre had taken advantage of the debt restructuring of 2005, and the fiscal 
incentives given by the 12th Finance Commission to get states to legislate their 
own FRBM targets. Such an opportunity may be utilized to encourage them 
to adhere to the debt to GDP targets set by the FRBM Review Committee. 

3.4. Salaries Mostly in Control, but Pension Expenses Spiralling Up

State governments’ salary and pension bills deserve attention as they provide 
most of the government services and employ nearly four times as many 
people as the Centre. Their `6 tn wage bill in FY2017 was 2.2 times the 
Centre’s and pension expenses at `2.4 tn were 1.4 times the Centre’s bill. 
The share of salaries in total expenditure has fallen over the past three dec-
ades from nearly 35 percent to 22 percent: the decline has been quite steady, 
with the exception of the years in which pay commissions are implemented. 
On the other hand, the share of pensions has been climbing, having moved 
from just above 3 percent of expenses to nearly 10 percent now (Figure 16).

F I G U R E  1 6 .  Falling Share of Salaries and Rising Share of Pensions in 
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F I G U R E  1 7 .  Salary and Pension Expenses as % of Total, and as % of GSDP
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This is worrying, particularly as pensioners for state governments are now 
growing. While most states moved from defined benefit pension schemes 
(which can have potentially unlimited liability) to defined contribution 
schemes about a decade back, the impact of this change will only become 
meaningful in a few decades, and for now implementation of every pay 
commission increases the pension bill sharply. 

Salary and pension expenses vary significantly among the states, both 
as a percentage of total spending (i.e., the fiscal impact) as well as a per-
centage of GSDP (a measure of government productivity in a way). Thus, 
Kerala stands out in having nearly half its expenses paid out for salaries 
and pensions, with more than a fifth of all expenditure being pensions. One 
reason could be that it was the last to transition to a defined contribution 
scheme, but it is too soon for that difference to show through. In general, 
the high ratio to GSDP for some of the economically weaker states like 
Odisha, Chhattisgarh, Bihar, Madhya Pradesh and Uttar Pradesh is likely 
due to a mix of inefficiency as well as these States being at early levels of 
development, where tax generation and growth of private enterprises are 
still nascent (Figure 17).

The Centre implemented the 7th Pay Commission recommendations 
in phases: basic salaries were changed starting April 1, 2016, and the 
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allowances were hiked from July 1, 2017. State governments can set up 
their own pay commissions, but in the past most have just adapted the 
Central recommendations. In the current cycle, states like Andhra Pradesh 
and Telangana were the early birds: they raised salaries at the time of the 
creation of Telangana. Gujarat and Madhya Pradesh also implemented 
their revisions shortly after the Centre. Some states like Tamil Nadu have 
announced plans to implement from FY2019, Karnataka has set up a com-
mission which suggests it would implement after the State elections in 2018, 
while many others have not made any announcements. Growth in salary 
expenses (we take a five-year average to even out one-off factors) shows 
wide disparity among states: some of this is due to the different timelines 
of implementation, as the 6th Pay Commission implementation was spread 
over many years, lasting till 2013 in some states.

States adding up to about 18 percent of the salary bill had implemented 
the 7th Pay Commission by May 2017, implying that a further increase of 
`1.7 tn is possible over the coming years. While the states salary spends will 
rise sharply as they are in the process of implementing the pay hikes, we add 
a word of caution. In an experiment (Muralidharan 2016), it was found that 
despite an improvement in teachers’ pay and satisfaction, there was no effect 
towards upgrading their own skills and no effect on the ultimate outcome 
of student learning. Their conclusion was that unconditional pay increases 
constrain fiscal space without a corresponding increase in productivity, and 
can be construed to be helpful.

3.5. The Rigor of the Budgeting Process Needs Improvement

As we saw in Section 1, state governments now manage nearly two-thirds 
of total government expenditure in India. In the absence of a Planning 
Commission there is apprehension that the spending by state governments 
could be uncoordinated, inappropriate or wasteful. Given the size of their 
spending, poor planning can also cause significant volatility. 

For example, we find that for three consecutive years, that is, FY2013, 
FY2014 and FY2015, final state expenditures were more than 1 percentage 
point of GDP lower than budgeted, and were as much as 1.8 percentage 
points of GDP lower than budgeted in FY2014. There are several drivers 
of differences between BE, RE, and the final receipt, expenditure and defi-
cit numbers: volatility and unpredictability in Central transfers, incorrect 
estimation of own taxes, last-minute efforts to meet fiscal deficit targets (as 
states also do cash-based accounting like the Centre, delaying expenditures 
to the next fiscal year helps meet deficit targets), as well as poor execution 
on various schemes and projects.
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Surprisingly, in each of the years between FY2010 and FY2016 (the last 
year for which final expenditure data is available), the RE expenditure was 
higher than BE, and at the same time, the final expenditure was lower than 
not only RE, but also BE. Why would states raise their expenditure targets 
with just two to three months to go, only to eventually miss even the earlier, 
lower targets? This usually occurs because the departments that are unable 
to spend their allocated quota are loathe to “surrender” the amounts till the 
last month, and the departments that are ahead of their spending targets 
demand and get an increase in allocations. Given the large sums involved, 
usually squeezed into a few months, this can and does drive volatility in 
economic momentum, particularly when states implement spending cuts at 
the very end of the year. 

Interestingly, the final fiscal deficit in most years comes at or below 
the budgeted deficit target (Figure 18): the slippage against that in the 
last two years has been mainly due to UDAY. This is perhaps another 
reason why the UDAY-related spurt in deficits spooked the markets: it 
was only in these two years that eventual state deficits were higher than 
BE. In fact, deficits in RE too are higher than what finally transpires, and 
therefore, market participants in the interim work with higher estimates 

F I G U R E  1 8 .  Final Deficit Is Always Lower than RE
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of state deficits and borrowing than is needed. The 14–15 month delay 
with which state budget aggregates are made available by the RBI makes 
the market perception worse.

3.5.1. UNCERTAINTY AROUND CENTRAL TRANSFERS 
An important source of volatility for state finances is the uncertainty around 
Central transfers: in some years these have been as much as one percentage 
point of GDP lower than budgeted. The bulk of the shortfall (70–90 percent 
between FY2010 and FY2016) has been in grants, hurting the implementa-
tion of specific schemes. Many of these grants are conditional, with stringent 
conditions that states occasionally struggle to comply with, and are also 
often “matching grants”, implying that the states would need to contribute 
as well so as to get the Centre’s transfer.

Worryingly, assumptions for receipt from the Centre are not modified 
while preparing the RE—it is only in the final reading that the slippages 
became visible. One of the reasons for this is a timing problem: while its 
tax collections vary from month to month, the Centre transfers a steady 
quantum to the states every month. In the twelfth and final month, that 
is March, an adjusting amount is also transferred based on the actual 
collections (so there are thirteen transfers in total). The fixed amount 
transferred every month is decided at the beginning of the year, which 
means it is based on the Centre’s budget estimates. So, any difference in 
its own tax collection versus the budgetary targets affects only the final 
transfer in March: the states cannot know this in advance. That nearly 15 
percent of all tax collections for the Centre also occur in March makes 
this a substantial amount.

3.5.2. SLIPPAGES IN OWN TAX RECEIPTS HAVE PICKED UP IN RECENT YEARS 
Over the past decade, the gap between state governments’ budgeted estimates 
of own tax revenues and the final collection has ranged from -0.6 percent 
to +0.3 percent of GDP (the negative sign indicates slippage, and positive 
indicates excess). Taxes were higher than budgeted from FY2010 to FY2013, 
but in the last four years budgeted estimates of own tax revenues have turned 
out to be too optimistic. The gap between budgeted and final numbers was 
widening sharply till FY2016, after which it appears that states reset down-
wards their expectations of tax buoyancy, and budgeted estimates for own 
taxes as a percentage of GDP fell. Budgeted estimates of own tax receipts 
in FY2018, at 6.4 percent of GDP, are nearly 0.4 percent lower than the 6.8 
percent budgeted in FY2016, though still 0.2 percent higher than the 6.2 
percent that was collected that year.
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Surprisingly, in every year since FY2014, final numbers have been 
meaningfully lower than RE, even as the RE was lower than BE. Large 
differences when the estimates were made with just 2–3 months left to go 
indicate either sloppiness in budgeting or apathy. As final own tax receipts 
were almost exactly equal to the estimates in RE from FY2010 to FY2013, 
when they were also generally higher than BE, this indicates an unwilling-
ness to rectify over-optimistic assumptions. 

Looking at state-wise numbers, the problem seems widespread. In 
both FY2015 and FY2016, for example, all the major states other than 
Maharashtra and Karnataka saw slippages (actual versus BE) of nearly 10 
percent or above, with states like Jharkhand, Bihar, Uttar Pradesh, Tamil 
Nadu, Kerala and Chhattisgarh seeing slippages of 15–20 percent. Only 
Odisha saw a positive surprise. While forecasting is never easy, and rarely 
accurate, this level of inaccuracy points to a lack of rigor in the budgeting 
process that is worryingly widespread among states.

3.5.3. EVEN REVENUE EXPENDITURE GETS PUSHED OUT 
Combined with the volatility and unpredictability of Central transfers, slip-
pages on own tax projections drive down expenditure, given that the budget 
deficit targets are impregnable: lower receipts equal lower expenditure if 
the difference between them is fixed (see the discussion on Article 293 in 
Section 2.3). States generally tend to spend less than budgeted: in the years 
FY2015 and FY2016, almost all the major states spent 5–20 percent less 
than budgeted. The exceptions were Rajasthan, Haryana and Jharkhand in 
FY2016, where mid-year policy changes like UDAY drove a sharp increase 
in headline expenditure. The expenditure shortfall is partly due to shortage 
of funds, but also due to the inefficient execution of programs: projects 
seeing delays due to execution challenges are unlikely to use all the allo-
cated funds in time.

To get a better understanding of the nature of the expenditure cuts, we 
drill down into the Maharashtra budget: the state accounts for a sixth of 
India’s GDP, and is the second most populous as well as having the second 
largest expenditure budget among states. The gap between budgeted and 
final expenditure for Maharashtra is low compared to many other states, 
but the slippage has been picking up over the years (Figure 19). This is 
explained by the trend of growing unpredictability of Central transfers as 
well own tax receipts. 

There is a widely held view that delayed expenditure due to insufficient 
funds is generally capital expenditure. However, data shows that most of 
the curtailment of expenditure appears to be on the revenue front, and is 
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widely spread across departments. In revenue expenditure heads like wel-
fare, this can mean schemes running out of funds in the last few months 
of the year, but surprisingly, even expenditure on education is lower than 
budgeted. Newspaper reports talking of teachers’ salaries getting delayed 
in some years point to the state taking extreme measures to manage its cash 
flows. In states like Bihar, where RE deficits can be as high as 5–8 percent 
of GSDP but the final deficit ratio is less than 3 percent, even salaries for 
government employees can be unpaid for months.

As governments do cash accounting instead of accrual accounting, this 
push-out of expenditure to later years is a common stratagem. For the 
economy, as state government expenditures are now nearly 20 percent of 
GDP, this fudging distorts seasonality of economic activity, as governments 
stopping bill (or even salary) payments in the month of March, can slow 
down activity levels. Between FY2015 and FY2017, as the gap between BE 
and actual expenditures expanded, activity in the January to March quarter 
turned out to be slower than seasonal, and that in the April to June quarter 
was stronger, as payments pushed out from March were made in April and 
May. This volatility disturbs economic sentiment by reducing predictabil-
ity, which is essential for businesses to have the confidence to invest. That 
the Central Government also often relies on such techniques makes the 
economic impact worse.

A more robust and accurate budgeting process is thus the need of the hour.

4. Assessing the Impact of GST, Loan Waivers and FRBM Review

Three developments are likely to have a significant impact on the state 
governments’ budgets in the coming years: the Goods and Services Tax 
(GST), farm loan waivers, and the recommendations of the FRBM Review 
Committee. We analyze the implications in this section.

4.1. GST Impact on States Unclear, Compensation Agreement May be  
Too Generous

The start of GST on July 1, 2017 is an epochal event. There are many 
meaningful ways in which it can impact state budgets, but we focus only 
on first order effects. 

Of India’s tax collection (based on FY2014 numbers), 40 percent merged 
under GST. While the split between the Centre and the states for FY2014 
(Figure 20) suggests a 57:43 split in favor of the states (we use FY2014, as 
the Revenue Neutral Rate Committee, which did the most detailed work on 
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F I G U R E  2 0 .  GST Subsumes 40% of India’s Tax Collection: Its Split (FY2014)
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GST revenues in our knowledge, had used this as the base (Subramanian 
2015), the GST Council has set SGST and CGST to be equal. At the same 
time, the Council has sequestered about 8 percent of the taxes into a GST 
compensation pool: these are the cesses imposed over and above the standard 
GST rates. If state receipts of GST fall below the 14 percent annual revenue 
growth (on FY2016 as the base) promised to them, this pool would be used 
for compensation. Assuming this is part of state revenues, the split becomes 
54:46 in favor of the states. In addition, service tax (a Central revenue source 
pre-GST) has grown much faster in recent years, as the base was widened, 
and then rates hiked repeatedly: this would have raised the Centre’s share 
of taxes subsumed by GST.

Prima facie it appears that the compensation agreement for the states is 
too generous. The 14 percent CAGR growth assumption for the next five 
years assumes that without GST the states would have seen revenues grow 
2 percentage points faster than 12 percent annual nominal GDP growth. 
However, in the last four years, the states’ own taxes have barely beaten 
nominal GDP growth: growth in FY2017r was slightly better, but it is 
likely to get revised down when actual numbers are published. Further, 
with inflation now moderating to very low levels, nominal GDP growth is 
also clocking below 12 percent: it therefore appears that the Centre may 
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have been too generous in setting the compensation threshold. If GST 
delivers significantly more revenues than the taxes it subsumed, either due 
to the rates being set at a higher level, or because of improved compliance, 
the compensation requirements may be lower. But that assumption would 
be presumptuous at this early a stage.

The much harder to assess impact is on how taxes get distributed across 
the states. If one assumes revenue neutrality at the Centre, the Central trans-
fers should stay unchanged, or at least affect the states equally. The challenge 
is in calculating how the taxes get distributed between states, given that GST 
is a tax on consumption, as against several pre-GST levies like excise that 
were taxes on production. The debate on which states benefit and which 
lose has been focused only on CST so far, which is just 5 percent of taxes 
subsumed under GST (Figure 20), even though some states, like Gujarat, 
Maharashtra, Tamil Nadu and Uttar Pradesh, dominate its collection. These 
“producer states” worry about losing revenues (CST is like an export tax on 
inter-state goods movement).

However, there are many other moving parts and our modeling exercise 
suggests that at least some of them need not worry. Put simply, in the GST 
regime a state loses part of sales tax on goods consumption within the state 
but gains part of service tax levied in the state. Let’s take Maharashtra (MH) 
as an example. It currently gets 2.4 percent of service tax (as part of the tax 
sharing of Central revenues) but under GST may get 9.7 percent (MH is 17 
percent of India services GDP, so it would get half of that, in addition to 
2.4 percent of the other half, adding up to 9.7 percent). It would lose part 
of sales tax it currently collects (14 percent of the national total), but that 
would be offset by a higher share of excise duty and counter vailing duty 
as it consumes more too. Thus, given its relatively greater prosperity and 
therefore higher share of consumption than other states, it may be better off 
in the GST regime.

Given the paucity of data, it is difficult to assess the overall impact accu-
rately, but as a principle it can be said that a state that has a higher share 
of taxable services GDP than its current share of sales taxes would benefit, 
and a state with the converse would lose revenues.

States do not seem to be prepared for these changes, and there could be 
significant disruption in FY2018, and likely in FY2019 too, as the state 
budgeting machinery grapples with these changes, but the promised com-
pensation should eventually address any gaps that emerge. From FY2019, 
most states may just project a 14 percent growth rate in revenues, as that 
becomes the floor revenue. 
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4.2. Loan Waivers: A Risk for Expenditure Quality, but Not for  
Fiscal Deficits

The clamour for crop loan waivers has been spreading: Madhya Pradesh, 
Haryana and Rajasthan may join Uttar Pradesh, Maharashtra, Punjab and 
Karnataka in being forced to announce waivers. While there may be a 
political aspect to farmers’ protests too, in our view, rising agricultural debt 
when agricultural income growth is slowing is the driving force (Figure 21).

Between FY2005 and FY2014, the annual growth in Gross Value of 
Output (GVO) of agriculture was 14 percent, mostly driven by higher price 
growth. This had slowed to sub-5 percent growth in FY2015 and FY2016, 
the years of two successive monsoon failures. It was expected that normal 
rainfall in 2016 would drive a sharp rebound in agricultural income growth. 
After all, in FY2010, the year after the previous monsoon failure, growth in 
agricultural GVO was 21 percent.

However, as feared by some (Mishra 2016), a good monsoon did not 
revive farm income growth in FY2017, and growth of agriculture GVO 
remained in single digits. While volumes indeed rebound as expected, pric-
ing was weak, as rising supply met stagnant or slow-growing demand. The 
signs were clear even during the drought years, as volumes had not declined 

F I G U R E  2 1 .  Agriculture and Allied Debt Now 45% of Agriculture GVA 
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meaningfully, except in the case of the primarily rain-irrigated crops like 
pulses and oilseeds. More importantly, contrary to the trends seen in prior 
droughts, food prices did not spike—instead, food price growth slowed from 
the elevated years seen in the previous years.

Improving infrastructure in rural areas has lifted agricultural productivity 
in India (that it lags behind global norms has long been an area of concern 
for policymakers). At the same time, with population growth slowing down 
to 1 percent a year, and increasing automation bringing down calorie needs 
(Deaton and Dreze 2009), aggregate demand for calories is not growing as 
rapidly. It is therefore difficult to expect food prices to rise—this is a reversal 
of a multi-decade trend in the Indian economy. Since 1962, while agricul-
tural output (in real terms) has grown at 2.5 percent a year, price growth has 
been 7.5 percent a year. The slowing down in price growth has stymied an 
important process of income transfer from the rich food consumers to the 
poorer food producers.

Meanwhile, agricultural loans from Scheduled Commercial Banks 
(SCBs) have compounded at 15.5 percent CAGR over the past decade. 
The growth rate in agricultural credit has now slowed down to close to 
the nominal GDP growth, but only after credit outstanding quadrupled 
between 2004 and 2009. But agricultural incomes are growing even less 
rapidly. Therefore, at `12 tn, agricultural credit is now at an all-time high 
as a percentage of agricultural GVA (Figure 21). While a debt to income 
ratio of 45 percent is far from unsustainable, loans as well as incomes are 
not uniformly distributed, and the sharp rise in the ratio suggests that the 
viability of many of these loans may now be questionable.

After Andhra Pradesh and Telangana announced waivers in 2014, recently 
four more states (Uttar Pradesh, Maharashtra, Punjab and Karnataka) have 
announced them: they together account for 35 percent of the `10 tn of out-
standing agricultural loans at the end of March 2016, according to RBI data. 
In addition waivers are already part of the discourse in Madhya Pradesh, 
Tamil Nadu (where cooperative loans have already been waived and SCB 
loans could be taken up too), Gujarat, Haryana and Rajasthan: these together 
accounted for 32 percent of SCB loans in FY2016. In FY2017, and including 
loans of Regional Rural Banks and Co-operative Banks, which were about 
one-third of the loans outstanding from SCBs, the nine states (excluding 
Andhra Pradesh and Telangana) would add up to ̀ 9.6 tn. However, the total 
amount waived is likely to be a fraction of that.

The mechanism of farmer identification would vary across states, but 
it appears that states are screening for accounts with outstanding amounts 
of less than `100,000 or `150,000. Accounts with less than outstanding 
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amounts of ̀ 200,000 (a separate categorization for ̀ 100,000 is not available) 
were 41 percent of the loans and 86 percent of the accounts in FY2016. This 
explains why Maharashtra and Uttar Pradesh chose to waive about 30–31 
percent of the outstanding agricultural loans. If all states where these issues 
are being discussed were to waive loans in this proportion, the quantum 
would be `2.1 tn. However, in states like Punjab and Karnataka, smaller 
amounts, that is, 16 percent and 9 percent, respectively, of the loans are being 
waived (for now). This suggests that the aggregate waiver could be about 
`1.5 tn: the total for the four states that have already announced is `840 bn. 

Even in states where farm loan-waiver announcements have been made, 
execution of the waivers, that is, payments to banks by the government, 
could take several years. The 2008 Central loan waiver took 2.5 years from 
announcement to completion, and was 30 percent smaller than what was 
announced. The scheme was announced in the Budget in February and 
cleared by the Union Cabinet in May 2008. However, the first disbursement, 
for about 40 percent of the announced amount, happened only in December 
2008. Additional sums were paid in May and August 2009 and January 2011, 
and some minor payments continued till 2012. 

The reason for this prolonged execution is not just lack of fiscal space, 
but also the complexity of identifying individual beneficiaries, and finalizing 
the waived sum. While the basic contours of these waivers, which matter 
politically, have been publicized, they need to be translated into individual 
details. State governments need to identify who benefits and who does not, 
and this means answering several non-trivial questions: Should there be 
crop-specific waivers, should those with irrigated farms get less, should 
absentee landlords get nothing, and by corollary, should tenant farmers 
get more? What should be the quantum of waiver, and how should this be 
phased? We understand that data on loans is not linked to specific crops, 
tenancy records are patchy, and irrigation data is not updated. It is likely to 
take state governments many months to identify beneficiaries and execute 
the plan: for example, in its due diligence, part of which was to link these 
loan accounts to Aadhaar, Maharashtra has recently discovered that nearly 
15 percent of the loan accounts were fraudulent. 

In view of the control the Central Government has over state government 
borrowing, and thus their fiscal deficits, the Centre’s decision to ask states to 
find their own sources of funding could drive them to spread these waivers 
out over several years, like Andhra Pradesh and Telangana were forced to 
do. If so, the estimated amount of `1.5 tn is likely to be spread out over 4–5 
years, particularly as many of the states have not announced waivers yet. 
Thus, the annual impact could be in the range of `300–350 bn: not small 
change, but only 0.15–0.20 percent of GDP. 
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Even this amount would show up as reallocation of spending, making 
this a problem of expenditure quality instead of an increase in state fiscal 
deficits. This brings up the question of the impact of these waivers on the 
supposed beneficiaries: 

•	 The obvious moral hazard of any loan waiver would show up in bor-
rower behavior over many years. That said, in the near-term, micro-
finance firms operating in rural areas have not seen any meaningful 
increase in defaults—this may be due to a different set of customers, 
and the perceived difference between bank loans and loans from 
microfinance firms. 

•	 During the period in which the loan waiver is being executed, banks 
slow down lending in those areas: this was clearly visible in Andhra 
Pradesh and Telangana, where loan growth dipped sharply. In Andhra 
Pradesh, growth in outstanding loans slipped from well over 30 percent 
a year to low single-digits. In Telangana as well, growth slowed from 
25 percent a year to 5 percent. While some of this would be due to 
the waivers reducing the loan amount, and disbursement data is not 
available, there is an obvious procedural challenge (not to say risk) in 
lending to individuals whose loans are being waived. 
Nationally, growths in April 2017 and May 2017 have already slowed 
down to 1 percent and 7 percent, respectively, the lowest levels in 
a decade. This slowdown was not visible in 2008–09, most likely 
because a bank’s priority sector lending targets are set on the previous 
year’s closing total loan balance. As FY2008 was a strong growth year 
for bank loans, the targets for FY09 were set at a high level. Further, 
the waiver of loans made a number of new farmers eligible for new 
loans, and that supported loan growth. In FY2017 on the other hand, 
system loan growth was only 5 percent, and for most public sector 
banks, growth was zero or negative. Thus, there would also be minimal 
regulatory pressure on banks to continue agricultural lending. 
Loan waivers can, therefore, counter-intuitively hurt the inflow of 
new cash into the agricultural economy. The cash from loans that are 
being waived has been consumed already.

4.3. FRBM Targets for State Governments Require Minor  
Fiscal Consolidation

The FRBM Review Committee has recommended that a general govern-
ment debt anchor of 60 percent be achieved by FY2023, with a ceiling of 
40 percent for the Centre and 20 percent for the states. As of FY2017- end, 
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general government debt to GDP stood at 67 percent, with Centre at 49 
percent and the states at 24 percent (the liabilities of Centre and the states 
do not add up to the combined liabilities on account of inter-governmental 
transactions). Excluding the National Small Savings Fund (NSSF) liabilities, 
the ratio for states falls to 21 percent.

The Committee presents various scenarios for the States’ debt to GDP 
trajectory beginning at 21 percent (ex-NSSF liabilities) in FY2017. For 
this ratio to fall below the 20 percent ceiling by FY2023, the deficit ratio 
has to decline by 0.18 percentage points per year from the 2.5 percent ratio 
budgeted for FY2018b, ending at 1.64 percent in FY2023 (Figure 22). 

The nominal GSDP growth assumed here is 12 percent YoY. However, 
a lower GSDP growth rate, as happened for several states in the last five 
years (i.e., FY2012 to FY2017), would need a steeper fiscal correction to 
achieve the anchor target. On the other hand, the GSDP of states like Bihar 
(16 percent), Madhya Pradesh (15 percent), Andhra Pradesh (14 percent), 
West Bengal (13 percent) and Gujarat (13 percent) grew at above the 12 
percent threshold. Karnataka undertook a major GSDP revision in FY2016 
which boosted its GSDP by 39 percent (relating to accounting for its IT 
Services), which helped bring down its ratios too.

F I G U R E  2 2 .  State Debt to GDP Ratio on FRBM Committee Guided Path
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F I G U R E  2 3 .  Unclear if the State Debt to GDP Target Is to Be Met 
Collectively or Individually
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Not only do the fiscal deficit ratios vary between states, but there is 
also significant variation between the debt to GSDP ratios of the states 
(Figure 23). It is unclear if the state debt to GDP target set by the FRBM 
Review Committee is to be met individually or collectively, that is, if every 
state should be individually or collectively below the target. Given the 
distribution of current debt ratios, it appears unlikely that the Committee 
meant that states must individually adhere to the 20 percent debt to GSDP 
ratio. If that were so, their collective ratio would be well below the anchor. 

Among the major states, only Maharashtra had a fiscal deficit lower 
than 2 percent in FY16. Moreover, as discussed earlier, indebtedness 
varies across states, and the targets may need to be steeper for some, and 
easier for others.

That said states are not mandated to accept the FRBM Review Committee 
recommendations. Just as FRBM Act at the Centre was followed a few years 
later by state governments, this Committee’s recommendations may be fol-
lowed with a lag. The Centre used the refinancing of state debt in 2005 as an 
opportunity to get states to agree to adoption of the FRBM targets. UDAY 
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was used to induce the states to agree to adding losses incurred by the State 
Electricity Boards to fiscal deficits starting FY2021. Such an opportunity 
can be utilized to encourage the states as well to adopt second generation 
fiscal targeting requirements. 

5. Summary of Findings and Conclusions

The importance of state governments in the economy has increased in the 
past few years: their combined spending is 18 percent of GDP in FY2018b 
versus just 14 percent in FY2012. From spending 6 percent more than the 
Centre in FY2011, the states are budgeted to spend 87 percent more than the 
Centre in FY2018b. The significant increase in Central transfers to states is 
well understood, as is the fact that states also had larger fiscal space created 
by nominal GDP growth even as the fiscal deficit ratio remained below 3 
percent. But it is not as well-known that the states’ own taxes have funded 
more than a third of the ̀ 19 tn increase in expenditure in this period. In recent 
years, the forces driving the divergence in expenditure growth between the 
Centre and states seem to be waning: the gap in growth rates in FY2017r 
and FY2018b is smaller.

There has been much concern in the past year over the profligacy of state 
governments undoing the fiscal contraction at the Centre. Bond traders as 
well as the forward-looking economic commentators have been surprised by 
the rising share of SDLs in government bond issuance: in FY2018b states 
may issue as much as 80 percent of the bonds issued by the Centre. While 
the pick-up in state fiscal deficits has indeed slowed down improvement in 
the general government deficits, we find that the reality is less worrying. 

Under provisions of Article 293(3) of the Constitution, states cannot bor-
row without the Centre’s permission, and thus the latter can enforce fiscal 
deficit targets. Instead of the deficit being the independent variable, derived 
by subtracting expenditure from revenues, in reality the states’ expenditure 
is derived as a sum of receipts and the prescribed fiscal deficit.

Challenges, however, remain on state taxation: there appears to be a 
significant unexploited potential for tax collection even in the taxes admin-
istered by state governments. Most of the improvement in state taxation 
seems to be on VAT, which contributes to 60 percent of own tax revenues, 
and this too has seen rate increases across most major states. States have 
also benefited from windfall gains as rising retail fuel prices boosted ad-
valorem taxes. 

They appear to have been lax on both non-VAT taxes (like property tax), 
as well as on non-tax revenues: the shares of both of these in own receipts 
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have been falling steadily over the past three decades. Moreover, the non-
VAT taxes and non-tax revenues are also much more concentrated in a few 
states, indicating insufficient penetration. Even within VAT, 40 percent is 
collected on petroleum products and alcohol (the reason why state govern-
ments have been reluctant to include these in GST). Recent attempts by 
Telangana to use receipts from land sales have not seen much success due 
to conflicts on land titles and other legal issues, but indicate some fresh 
thinking. Perhaps the perceived lack of flexibility post-GST can push state 
governments into levying more innovative taxes.

Growth in state government bond issuance should slow down going 
forward, but the absolute quantum is likely to stay similar to that of the 
Centre. The policy apparatus needs to adjust: while Central borrowing is 
carefully scheduled to avoid crowding out in the second half of the financial 
year when private credit demand picks up, that now needs to be applied to 
state borrowing too. 

While one cannot deny that many areas that are state subjects, like urban 
infrastructure, irrigation, state highways and drinking water, are in need of 
substantial capex, we find that states that have higher revenue expenditure 
shares are also more productive. While causality here is likely bi-directional, 
it cannot just be a coincidence that all states with small governments have 
below average per capita GSDP, and vice versa, with only a few exceptions. 
This we believe is because governments in India are of sub-optimal size, in 
everything from policing to teaching: in under-sized governments increase 
in revenue expenditure can sometimes be more productive. 

Capex is 17 percent of FY2018b spending, lower than the all-time high 
of nearly 20 percent in FY2016, but still among the highest seen in the 
last three decades. The ratio varies significantly: from less than 10 percent 
in Kerala to nearly 25 percent in Telangana. Most states that have below 
average capex ratios, like Kerala, Maharashtra and Tamil Nadu have above 
average per capita GSDP. 

Our analysis suggests that the apprehension that the focus on social 
spending could be lost as the baton was handed over to the states seems 
to be misplaced. Revenue spending on education has risen to `4.9 tn (2.9 
percent of GDP, up from 2.0 percent a decade ago), and social welfare 
spending has also climbed to `2.7 tn (1.6 percent of GDP). The per-student 
expenditure is too low and the pupil–teacher ratio too high for states like 
Uttar Pradesh and Bihar, despite their spending 4-5 percent of GSDP on 
education, demonstrating the fiscal challenge of raising productivity in the 
economically weaker states. 

We find that the share of interest cost in overall expenditure is discon-
nected from the indebtedness of the state (debt to GSDP ratio). This is mainly 
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because the economically weaker states have a higher expenditure to GSDP 
ratio, as a larger part of their receipts is from the Centre. This may also be 
another reason for the lack of a correlation between a state’s indebtedness 
and its borrowing cost. At an aggregate level, interest costs are now 10 per-
cent of the total expenditure (19 percent in FY2005), a three-decade low. 
Debt to GSDP has risen in the last two years due to UDAY but a debt trap 
is unlikely except for a few states.

Despite the implementation of pay commission recommendations periodi-
cally, the share of salaries in total expenses has been falling steadily, and 
is not a ground for concern. Pensions, on the other hand, are rising very 
rapidly, particularly as the number of retirees grows. Lack of data prevents 
us from assessing future pension liabilities, but this can be a significant 
risk for state budgets. While only four states have so far implemented the 
7th Pay Commission recommendations, and two more are planning to do 
so in FY2019, increases so far have been lower than seen in the 6th Pay 
Commission, and may not be as debilitating to state budgets as feared.

All put together, the combination of non-discretionary expenditures like 
salaries, pensions and interest costs is at a worrying level only for a few 
states like Punjab and Kerala. 

We also find that the budgeting accuracy of state governments is weak, 
and has been worsening in the last few years: for three consecutive years, 
that is, FY2013–15, final state expenditures were lower than budgeted by 
more than 1 percentage point of GDP. Uncertainty around Central trans-
fers had increased meaningfully in those years, as the Centre’s attempt to 
consolidate fiscally had caused payments to get pushed out to subsequent 
years. This is exacerbated by the timing of these transfers: a large quantum 
is due in the last month, creating unnecessary volatility. States’ own taxes 
have also been lower than budgeted by up to 0.5 percentage point of GDP 
in recent years, from being higher than budgeted in the years before that. 
States therefore, taking advantage of cash accounting, end up pushing out 
all types of expenditures, including salaries for teachers and doctors.

We also assessed the following recent developments that can have a 
meaningful impact:

GST: About 40 percent of India’s tax collection will now be through 
GST. Our analysis suggests that the compensation formula is too gen-
erous. The states may therefore end up with more revenues than they 
may have expected earlier. The distribution of these taxes between 
states is much harder to assess: much of the analysis so far has focused 
on CST, but in our view it is the state-wise distribution of taxable 
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services that will affect net impact state-wise. For the next five years 
though, the promise of compensation provides revenue certainty to 
the states and stability to the budget forecasts.
Loan Waivers: Several more states are likely to be forced to announce 
these, in addition to the four that already have: Uttar Pradesh, 
Maharashtra, Punjab and Karnataka. We estimate that the final quantum 
could be ̀ 1.5 tn, spread out over 4–5 years, and the impact on any given 
year’s fiscal deficit may not be more than 0.2 percent of GDP. Given the 
control that the Centre has on state borrowings, we believe loan waivers 
are a problem of expenditure quality rather than quantity, and should 
not affect deficits. As they take time to implement, in the interim credit 
availability for farmers in these states could also be a problem.
FRBM Review Committee: In the general government debt anchor 
of 60 percent to be achieved by 2023, the Committee expects a ceiling 
of 20 percent for the states. It is unclear if this anchor is for the states 
collectively or individually: if the latter, the hurdle rate would be very 
high for most: many have debt to GSDP well above the threshold. The 
states’ aggregate fiscal deficit must decline by 0.18 percentage point 
per year from the 2.5 percent budgeted for FY2018b, ending at 1.64 
percent in FY2023. 
However, the states are not mandated to accept the FRBM Review 
Committee’s recommendations, and it could be a challenge for the 
Centre to get them to update their fiscal framework with second gen-
eration fiscal targeting.
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Appendix: State Name Abbreviations Used in the Paper

Code State Name Code State Name Code State Name
AP Andhra Pradesh KA Karnataka RJ Rajasthan
AR Arunachal Pradesh KE Kerala SK Sikkim
AS Assam MP Madhya Pradesh TN Tamil Nadu
BI Bihar MH Maharashtra TL Telangana
CH/CG Chhattisgarh MN Manipur TR Tripura
GU Gujarat ME Meghalaya UP Uttar Pradesh
HA Haryana MZ Mizoram UT Uttarakhand
HP Himachal Pradesh NA Nagaland WB West Bengal
JH Jharkhand OR Odisha DL NCT Delhi
JK Jammu and Kashmir PU/PB Punjab PO Puducherry
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Comments and Discussion*

Indira Rajaraman 
13th Finance Commission

The paper is in three parts. The first section is about aggregate state deficits, 
the second is about inter-State variations in the composition of expenditure, 
and the final section, which I thought was the best section in the paper, looks 
at GST very carefully and at farm loan waivers. The message of the third 
section, indeed of the whole paper, is to soothe financial markets. I agree 
with that message, but where I depart from the authors is in the reason why 
they reach that conclusion. I think they have missed a very important fea-
ture of the fiscal framework in which State Governments in India function. 

Let me pick up on some of the sentences in the paper: “There has 
been much concern if not alarm in the past year on the profligacy of State 
Governments undoing the fiscal contraction at the Centre” and the authors add 
the soothing note, that “the reality is less worrisome”. Then they say, there is 
not enough of a yield spread between States and so the markets are not going 
to “discipline” the States, and again there is a sense that State Governments 
in India are functioning in a fiscal framework where the deficit is a freely 
determined residual. The first section begins with expenditure, followed by 
revenue, and then deficits as the residual. The deficit is a freely determined 
residual: if States are profligate, then that will reflect in their deficits. 

States don’t function in that kind of a fiscal framework in India. Article 
293(3) of the Constitution mandates that State borrowings on financial 
markets will be subject to approval by the Centre. Any bonds States float 
can only be issued by the Reserve Bank of India, as the issuer of public 
debt, if they carry the formal approval of the Centre. This provision of the 
Constitution was made formal in 2006 by the passage of the Government 
Securities Act. The standard operating procedure under that Act formalized 
prior approval by the Centre before issuing any State debt. So, any issuance 
of State securities has necessarily had the approval of the Centre.

* To preserve the sense of the discussions at the India Policy Forum, these discussants’ 
comments reflect the views expressed at the IPF and do not necessarily take into account 
revisions to the conference version of the paper in response to these and other comments in 
preparing the final, revised version published in this volume. The original conference version 
of the paper is available on www.ncaer.org.
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So how does the Centre approve state borrowings? How does the Centre 
determine the borrowing entitlements of States? This has varied over time. 
There was one dispensation that held until 2005, but I won’t deal with that. 
In 2005, the 12th Finance Commission introduced an incentive for States to 
enact fiscal responsibility legislation, which all but two States responded to 
immediately. This fiscal legislation fitted a common template that required 
reduction of individual State deficits to 3 percent of the State Domestic 
Product (SDP), and therefore, in aggregate, to 3 percent of the aggregate 
of SDPs of all States. However, because SDP is measured at factor cost, 
and national GDP is measured at market prices, this meant that States were 
effectively held to 2.5 percent of national GDP at market prices. So, when the 
paper says that the right to borrow has been split evenly between the Centre 
and States, that is, at 3 percent of GDP, that is not so. States in fact are being 
held to a cap of 2.5 percent of national GDP, which is 3 percent of their 
individual SDPs. If we wanted to pull them up to 3 percent of national GDP, 
we would have to give them an individual limit of 3.6 percent of their SDP. 
This is an approximate average; the ratio of the factor cost (basic prices in the 
revised series) aggregate to that at market prices can clearly vary across years.

But there have been huge differences in the manner in which this pro-
vision was operationalized during 2005–10, during 2010–15, and in the 
period after 2015. The Ministry of Finance at the Centre conveys approved 
state borrowing limits to the RBI as absolutes in rupees crores, whereas the 
legislated fiscal limit of each State is stated as a percentage of their GDP. 
This means that how GDP is projected will determine how that absolute 
entitlement is set. During 2005–10, the Ministry of Finance simply pre-
scribed the borrowing entitlement for every year of that five-year period 
right at the start in 2005, based on the projections of GDP by the 12th Finance 
Commission. So, towards the end of that period, some fast-growing States 
like Haryana were being confined to a borrowing entitlement of 1 percent 
of their actual SDP. It was 3 percent of their projected SDP, but it wound 
up being 1 percent of their actual SDP because they had performed so well 
and grown much faster than the rate projected. 

So, it was not that States like Haryana wanted to be fiscally conservative 
during this period, but they were forced to do so. So, absurd conclusions 
can be drawn by looking at observed state deficits if we also don’t look at 
the formula that determined those deficits. 

During the years 2010–15, the 13th Finance Commission, of which I was 
a member, tried to tweak the formula that was used, so that the final SDP of 
a State in year N projected in year N-1 would be a closer approximation to 
the likely SDP in year N rather than a projection done two or three or five 
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years earlier. That did work, which is why over the period 2010–15, there 
was a rise in the aggregate State borrowing from nearly 1 percent in fiscal 
year 2011 to 2.5 percent. Therefore, the formula determines the outcome, 
not state conservatism or profligacy. 

The reason why in the period 2005–10, the aggregate State deficit was so 
jagged was that after the global crisis of 2008, the state borrowing entitle-
ments were loosened and then tightened. Thus, the aggregate State deficit 
went down up to 2008, then it jagged up, and then went down again.

What about post 2015? Figure 6 in the paper nicely shows that aggre-
gate state deficit, with UDAY excluded, is just a little above 2.5 percent of 
GDP, which can be accounted for by the leeway given by the 14th Finance 
Commission. So, State level deficits should not be treated as freely deter-
mined in a state level fiscal framework. They are governed by a formula at 
the Centre that has varied over time.

Getting back to the message for markets, the authors say GST and farm 
loan waivers are not so bad, and try to soothe financial markets, which 
according to them have been spooked by the rise in issuance of state bonds. 
Actually, the existence of the formula is what should allow markets not to 
worry. We are not a Brazil, we are India and sub-national governments are 
controlled. This is what the market should be taking solace from. 

There are nonetheless two things that are very worrying. One is the 7th

Pay Commission salary scales, and the other is the march of pensions that 
had started even before the 7th Pay Commission. They are causes for worry, 
not because they will lead to high deficits, but because routine expenditures 
are going to be badly squeezed, and we are going to find schools without 
teachers and primary health centers without medicines.

Finally, a quick point on the bulge in non-tax revenues in Figure 5 in the 
period 2005–10, which coincided with the 12th Finance Commission. In this 
period, there was a restructuring of state debt owed to the Centre. When this 
is done, the restructuring is treated as though the debt has been repaid to the 
Centre, with a return flow from the Centre of net non-tax revenues. In Figure 
5, this is where the bulge between 2005 and 2010 in general non-tax revenue 
comes from. So, we need to be very careful in interpreting these figures.

Rathin Roy 
National Institute of Public Finance & Policy

I think this is an excellent paper. NIPFP has been doing an annual meeting 
on State Finances for the last three years, but we have restricted participa-
tion because we want State Finance Secretaries and others who are the real 
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clients to speak freely. If markets analysts are taking up to this next step of 
looking at state finances, that is good. 

Dr Rajaraman made the point regarding Article 293 which causes a huge 
problem in doing macro fiscal analyses of the States. This is tempered some-
what by the fact that after the 14th Finance Commission, a conversation has 
been happening with the Finance Ministry on ways in which these limits are 
set, and the 14th Finance Commission also allowed some flexibility. So, if 
you start with the 14th Finance Commission, then the endogeneity of Article 
293 becomes somewhat less of a problem.

One important feature of fiscal consolidation by the States is that they 
have collectively ceased to run revenue deficits, and this does not come out 
in the paper. The paper focuses a lot on the virtues of revenue expenditure, 
but the point is whether revenue expenditures are tax financed or not. The 
Centre has not done it and for reasons we have elucidated in the FRBM 
Report, we do not expect the Centre to do it for another 5–7 years. So, this 
is a virtue that the States have inculcated, and I think it needs to be taken 
account of. 

For instance, if you take the State of Uttar Pradesh, the very fact that it 
has not been fiscally profligate and has been running reasonable revenue 
surpluses over time has permitted it to increase revenue expenditures, 
including on education. So, there is an important link between the States 
that are actually running revenue surpluses and their capability of raising 
expenditures on public goods.

On the calendar issues, the RBI is the banker to both the Centre and the 
States. The Centre has a very clear banking calendar. If both the Centre and 
the States were to come looking for loans at the same time, everyone’s cost 
would go up. Hence, the States come second in this and the Centre comes 
first. However, to moderate that, there is a process of ‘ways and means 
advances’ (WMA), which is fairly accommodative in allowing States to 
manage their short-term cash flow needs consistent with the expenditures 
they want to undertake. 

Is it a matter of genuine concern that state expenditures are going up 
relative to the Centre? Central public investment has been a fraction of 
State public investment. Most of the Central public investment goes into 
financial investment, not into gross fixed capital formation. Since they 
have curbed the revenue deficits, the States are also now major players 
in revenue expenditures. What does the Centre do? It oversees law and 
order, some defense, it runs a railway, and does some merchant banking. 
But the Central Government is not a major player in the delivery of public 
goods. That calls for the State Government spending to rise, so this should 
not be surprising. 
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As regards the point that you made on the States collectively under-spend-
ing on police, you need to control for that by noting the fact that Central 
expenditure on paramilitary forces has gone up. 

On the Pay Commission, the States have always been extremely stra-
tegic in implementation, and have shown incredible fiscal fortitude in 
not increasing salaries. In the 7th Pay Commission Report, we have given 
9–10 reasons why we don’t think that the Pay Commission would be 
such a burden on the States, with some exceptions, Punjab, Kerala, and 
increasingly, Maharashtra. 

I think the point the paper made about the farm loan waiver is very 
important. Farm loan waivers are bad things for other reasons. But their 
fiscal impact on State finances will not be of great magnitude.

My final point is on the fiscal deficit path, which is discussed in the 
FRBM Report on page 95. We worry about the fact that the States will 
have to go down from where they are now to approximately 1.7. That is 
happening because the incremental debt burden of the States is expressed 
in the form of a high primary deficit as interest payments have been falling. 
This problem is really worrisome. But, what we have said is that, if States 
collectively make just a 0.16 reduction in the fiscal deficit each year and 
are given a long time to make this reduction, it would result in the Centre 
falling fast, the States actually increasing slightly, and then falling to a point 
where their debt–GDP ratio will be 21 again, which was the FY17 level. 
The 15th Finance Commission will have to decide on the distribution of that 
adjustment among States, which is a complicated issue, and will require 
conversations with the States.

General Discussion

Rohini Pande started by relating the discussion, especially by Indira 
Rajaraman, back to the references to command and control in the first ses-
sion. She pointed to distortionary agency activities by state bureaucrats or 
politicians arising out of their mandate to adhere to formulae and blanket 
rules used for transfers. She urged the authors to analyze what the States and 
the Centre do to account for shocks such as a too high or too low monsoon 
in any single year. Overall, she felt it was important to think of ways of 
financing that are not formula-based.

Vijay Joshi cited the reference to the European Union (EU) and how the 
bond market does not enforce credit discipline on the EU nations. In India 
too, credit discipline is enforced by the Central Government in accordance 
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with the constitutional provision. It needs to be examined whether this 
system works well enough or changes are needed in how it should work. 

Suman Bery raised the issue of the fiscal monetary mix, and questioned 
how the aggregate state borrowing and Central Government borrowing 
should be seen in the context of the Statutory Liquidity Ratio (SLR) and 
other related subjects. This would help get a sense on whether the bond 
market as a whole is playing any price discovery role. 

Govinda Rao stated that the Reserve Bank of India does not analyze 
expenditures and revenue, which makes it incumbent upon the States to deal 
with such issues, especially relating to revenue generation from lotteries, and 
departmental public enterprises, and roadways like the Punjab Roadways 
that are run by individual States. 

He also noted that until 2005–06, money from all the centrally spon-
sored schemes used to go to the States, but from 2006 to 2014, this money 
started going to implementing agencies. From 2014 onwards, thanks to the 
Rangarajan Committee Report, the government stipulated that the money 
should pass through the State budgets. So all these changing fiscal transfer 
mechanisms need careful adjustment in the data or else we can get a mis-
leading picture. This is not easy. Careful attention has to be paid to the fiscal 
plumbing within the States. He also stressed the need to be careful in com-
paring the supposedly sharp increase in tax devolution by the 14th Finance 
Commission from 32 percent to 42 percent. When proper adjustments are 
made, it is more like 39 percent to 42 percent, a much smaller increase. He 
concluded by noting that apart from loan waivers, the move to prohibition 
by several States will pose fiscal risks.

Mihir Desai wanted to check the nature of the backup guarantee provided 
by the Centre on State Bonds, and if it is implicit, then whether it has ever 
been tested. Second, he worried that though he understood the key message 
of the paper that we should not worry, he was not at all sure of the reasoning. 
If expenditures and taxes were both shifted to the States, then he could see 
the reasoning since the balance sheet of the Centre was being substituted 
for the balance sheet of the States, leaving aside the issue of poorer states 
and how they would be helped to develop faster. However, the narrative 
is that the expenditure has been pushed to the States, but taxes have not 
kept up, so that there was a strong decoupling of taxation and expenditure, 
expenditures at the state level, and taxation not keeping up with that. This 
requires discipline, and Dr Rajaraman said that India is not Brazil and we 
have rules and formulas. But there can be lots of political economy reasons 
that make this decoupling problematic. And on top of this, there is no dis-
cipline from bond markets.
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Alluding to the suggestion that the bond market does not impose any 
discipline, Rajnish Mehra said that this could imply an implicit bailout by 
the Centre, which means that in case of a default, this would be a risk-free 
asset, irrespective of the level of debt. He also queried why the market does 
not impose any discipline on the bond market in case of private placement 
of bonds with government agencies and others. 

Indira Rajaraman wanted to know what drives the yield spread on State 
bonds. She contended that the yield spread has actually widened in recent 
years, and is probably much wider now than it has ever been precisely 
because of the increase in non-commercial bank, and non-SLR participation. 
Moreover, along with the SLR, there is a Held-to-maturity (HTM) require-
ment. Over the years, the HTM has been increasingly brought down, which 
points to greater play for the market, leading to a rise in the inter-state yield. 

She said that the key questions which need to be addressed are why the 
yield spread is low, and why the market is apparently willing to lend to the 
States of Haryana and Jharkhand on roughly equal yields. She stated that the 
RBI is a banker to both the Central Government and to State governments, 
and it conducts the issuance and servicing of bonds through an automatic 
debit mechanism whereby these bonds are first serviced before any other 
expenditures are entertained. This acts as a yield reducer and also makes 
these bonds essentially risk-free. 

Rathin Roy remarked that if the Centre asked the States how much they 
wanted to borrow, the States would say, as much as we can, and not that 
we would like to borrow for this or that. There may be problem in the artic-
ulation of the rule, but they avoid conflicts of interest and allegations of 
favoritism in such a system, and here the Finance Commission is the right 
place for framing these rules. He concluded by agreeing with the authors 
that the markets assume that State government debt is better than Central 
Government debt and the lack of a yield spread reflects that.
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1. Introduction

Global trade patterns have changed considerably in the last two 
or three decades with the increasing international fragmentation 

of production. With large reductions in transport costs (containerization 
radically changing maritime transport) and communication costs, many 
industrial firms are operating with units in various countries with a great 
deal of intra-firm trade—supplies being obtained from (or processing being 
done at) units located in a large number of countries and final product being 
delivered to consumers in many countries. These global value chains (GVCs) 
drive international trade today, particularly the trade in manufactures, and 
countries’ success in enhancing their export earnings depends crucially on 
getting integrated into GVCs. This applies particularly to India, which needs 
to expand its exports of manufactured products rapidly in order to sustain 
rapid economic growth. However, rapid export expansion would be difficult 
unless India gets gainfully integrated into GVCs. 

To be integrated into GVCs, it is important for countries to forge their 
own GVCs by exporting finished products, and sourcing intermediate 
products and services from the most efficient suppliers in the world. 
Studies have shown that the maximum value in GVCs is captured by the 
lead firms that export the final products (Banga 2014). Alternatively, 
countries can link into GVCs by exporting intermediate products and 
services. India has been found to have relatively low linkages in GVCs 
as compared to other developing countries in manufacturing industries 
(Goldar et al. 2017; Gupta 2015). Although India’s imports of intermedi-
ate products that feed into manufacturing exports have been examined by 
several studies, few studies exist that compare India’s import of services 
that go into manufacturing exports.

There is now a growing recognition that services are playing an impor-
tant role in GVCs (see, e.g., Lanz and Maurer 2015; Miroudot and Cadestin 
2017). A large number of services are involved in the production and sales 
of products, which applies to both goods and services. Consider the role 
played by services in the provision of manufactured products. Services are 
involved in the establishment stage (e.g., land clearing for construction 
and applications for licenses), pre-manufacturing stage (design, R&D, 
environmental clearance, and storage of inputs), and manufacturing stage 
(production management, quality control, factory cleaning, security, 
catering, and medical services) as well as in the post-manufacturing stage 
(transport, storage and warehousing, and retail trade), besides others such 
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as after-sales service (consumer complaint handling and technical support), 
and back-office and recurrent services (such as financial and insurance 
services, postal and communication services, and IT maintenance and 
support services). 

To give one illustration, a case study of the value chain for the supply of 
construction machinery has brought out that 5 services enter in the estab-
lishment stage, 10 in the pre-manufacturing stage, 15 in the manufacturing 
stage, and 7 in the post-manufacturing stage (Low and Pasadilla 2015). 
In addition, there is a requirement for back-office and recurrent services, 
totaling 25 in number, and after-sales services, which add up to 10 services. 
There are other case studies that similarly show the involvement of a large 
number of services in the supply of manufactured products. Low and 
Pasadilla (2015) provide information on the number of services entering the 
value chain for manufacturing in 22 case studies of manufactured products 
in companies in the Asia-Pacific Economic Cooperation (APEC) region. 
They report that the number of services involved in value chains ranges 
from 37 in the case of automotive components in Japan and 38 in industrial 
welding in Thailand to 74 in power generation equipment in Japan, 74 in 
mining and construction equipment in Japan, and 72 in telecommunications 
equipment in China. 

Going by the cases discussed in Low and Pasadilla (2015), it seems that 
the incidence of services input is the largest for the back-office and recur-
rent services category, followed by the services used for the manufacturing 
stage. These two together account for more than half of the services used 
by manufactured products. Another important point to note is that some 
of the services used by manufacturing firms are provided in-house. Then, 
there are services that are fully outsourced or partially outsourced. Out of 
the 22 case studies in Low and Pasadilla (2015), in-house provision was 
more than 50 percent in three cases and more than 60 percent in only one 
case. This shows that services used by manufacturing firms are mostly 
outsourced. 

The role that services play as an input into manufactured goods pro-
duction has been called as the servicification of manufacturing.1 Lanz and 
Maurer (2015) note that services value added account for about one-third 
of manufactured exports in developed countries and about 26 percent in 
developing countries. There are several potential reasons why firms may use 

1. For a discussion on servicification of manufacturing in the Indian context, see 
Chanda (2017).
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more services inputs in their manufacturing, for example, the use of logistic 
and management services can improve coordination between production 
and sales leading to higher profits; firms may differentiate their products 
by bundling services along with their products; and in some cases, services 
help firms in linking into GVCs (Nordås 2010).

It should be pointed out here that while trade in services accounts for 
about one-fifth to one-fourth of global trade when one uses the balance of 
payments data, trade data based on the value added approach (e.g., OECD 
Trade in Value Added [TiVA] data) shows that services account for about 
half of global trade (Miroudot and Cadestin 2017). This is explained by the 
fact that services are embodied in the export of goods, and value-added trade 
data is better able to reveal the role played by services. 

Miroudot and Cadestin (2017) draw attention to the importance of 
services in manufacturing firms. From a study of a sample of countries 
(mostly OECD), they find that the services input, domestic and foreign, 
accounts for 37 percent of the value of exports of the countries studied. 
When services activities that are taking place within manufacturing firms 
are taken into account, this proportion rises to 53 percent, and the overall 
contribution of services to exports of the countries studied is found to be 
about two-thirds. 

The important role that services are playing in GVCs motivates this 
paper.2 The focus here is on India’s linkage to GVCs and contributions 
that the services input, particularly imported services, can make in 
enhancing India’s export competitiveness in manufactured products. The 
paper compares the import content of services used as inputs in exported 
manufactured products across developing countries, including India. The 
analysis is carried out using data for developing countries in the TiVA 
database and World Input-Output Database (WIOD).3 This analysis is 
supplemented by an analysis done with the help of firm-level panel data 
for India companies for the period 2001–2015. The questions asked are: 
(a) To what extent is the export performance of Indian manufacturing 
firms impacted by the use of services inputs and (b) Does higher import 
content of services lead to higher export intensity? An econometric model 
of export behavior of Indian manufacturing firms is estimated, taking the 
level of total factor productivity (TFP) in the firms, and domestically 
sourced and imported services inputs as explanatory variables along with 

2. Earlier studies on India’s linkages into GVCs and their consequences include Tewari 
et al. (2015), Gupta (2015), Banga (2016), and Goldar et al. (2017).

3. See Appendix-A for a discussion on these databases.
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other controls. Policy conclusions are drawn based on this analysis and 
the findings of previous studies.

The rest of the paper is organized as follows. Section 2 presents an analy-
sis of India’s backward linkages into GVCs through imported services used 
in the export of manufactures based primarily on the WIOD. A comparison 
is made between India and some other important developing economies. To 
anticipate the key finding of the section, the analysis brings out that India is 
using relatively less services foreign value added (FVA) in its manufactured 
exports. This implies that as compared to other developing countries, India 
uses lower services FVA in its exports in integrating to other GVCs (if 
exporting intermediate products) or in forming its own GVCs (if exporting 
finished products). The questions that arise are: (a) can this fact of low 
use of services FVA in India’s exports impact its export competitiveness 
and (b) which are the services with relatively less FVA content in India’s 
manufactured exports? These two issues are examined in Sections 3 and 4 
of the paper.

Section 3 is devoted to an analysis of the export performance of Indian 
manufacturing firms using panel data at the firm (i.e., company) level. The 
focus is on the contribution made by services input to export performance. 
Particular attention is paid to imported services. Section 4 examines the 
breakup of India’s services FVA according to different categories of services 
to find out which type of services have a relatively less FVA component. 
For this analysis, as in Section 2, a comparison is made between India and 
some other important developing economies. 

Finally, Section 5 sums up the main findings of the study and discusses 
some policy implications.

2. Role of Imported Services in Global Value Chains 

Services are becoming increasingly important in international trade, espe-
cially following the exponential growth of GVCs. Their role in forming 
goods-GVCs is emerging as intrinsic and ever growing. Many studies have 
illustrated the role of services in GVCs using the “smiley curve,” which 
demonstrates that services such as R&D, designing, branding, logistics, 
after-sales services, and marketing capture higher value as compared 
to the manufacturing component in the goods-GVCs (Miroudot and 
Cadestin 2017). Services therefore act like glue to make GVCs work and 
spread across different continents. This has necessitated improving com-
petitiveness in services to be able to sustain a comparative advantage in 
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manufactured goods. Given the range of services that are now being used 
in trade in GVCs—legal services, financial services, wholesale and retail 
services, e-commerce, and logistics—to increase competitiveness, many 
countries are resorting to sourcing services from more efficient suppliers 
across the world. This has led to the higher content of imported services 
in the exports of manufactures. Although “servicification” of manufac-
tures has been much discussed (De Backer et al. 2015), services import 
content in the exports of manufactures is a relatively less researched area, 
especially for India.

2.1. Services Foreign Value-added Content in Exports of Manufactures

In 2011, the imported content of services in exports of manufactures in the 
world amounted to around 31 percent, (estimated using TiVA 2016). India’s 
imported content of services in its exports of manufactures was much lower, 
amounting to around 13 percent in the same year. Table 1 compares the 
imported services in exports of manufactures of several developing countries. 
Compared to India, countries like China, Malaysia, Singapore, Thailand, 
and Vietnam have a higher import content of services, while countries that 
have a higher share of natural resources in their exports, like Brazil and 
Indonesia, have lower services content in their exports of manufactures. 
Imported services content in the export of manufactures was higher for China 
in 2011, but over time has declined from 24 percent to 18 percent, while for 
India it has increased from 5 percent in 1995 to 13 percent in 2011.4 Most 
other countries have also witnessed an increase in their imported services 
content (Table 1). 

This phenomenon of rising imported services content in exports of man-
ufactures has been experienced in many industries worldwide. According 

4. A comparison between India and China on services valued added in manufactured exports 
shows that the total services content in the export of manufactures is nearly the same: 31 per-
cent for China and 33 percent for India (TiVA database). However, the domestically sourced 
content of services is bigger in the case of India (61 percent as against 43 percent in China). 
The relatively low services FVA in India’s manufactured exports is, therefore, not because 
the overall services content is low, but because services are being sourced domestically rather 
than being imported. China has had a greater dependence on imported services. However, 
since its accession to the WTO in 2001, China has liberalized its services sector; allowed 
foreign investment; ended restrictions on retail, wholesale, and distribution; and opened up 
banking, financial services, insurance, and telecommunications to foreign investment (Fan 
2011). As a result, many services have been domestically sourced from foreign investors. 
While in India, foreign investments in many services sectors have remained restricted leading 
to a rising trend in imports. 
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to Miroudot and Cadestin (2017), this phenomenon can be more accurately 
referred to as “internationalization” rather than “servicification” of man-
ufacturing exports. According to them, all manufacturing industries have 
experienced a higher share of foreign services value added in 2011 with 
above four percentage points increase in industries such as chemicals, rub-
ber and plastics, ICT and electronics, electrical machinery, motor vehicles, 
and utilities. 

In order to identify the industries in India that use comparatively lower 
imported services content in their exports as compared to the same industries 
in other countries, we use WIOD. Box 1 details the methodology used to 
arrive at foreign services value-added content in exports of manufactures.

Table 2 reports the percentage of services FVA content in exports of 
different manufacturing industries in 2014. We find that in many industries, 
India uses higher or almost similar services FVA in exports as compared 
to other developing countries. Services FVA in exports of manufactures in 
India is found to be highest in manufacture of other transport equipment 
(59 percent), followed by manufacture of motor vehicles, trailers, and 
semi-trailers (24 percent) and manufacture of basic pharmaceutical products 
and pharmaceutical preparations (23 percent).

The manufacturing industries where India uses less services FVA 
in exports are mainly manufacture of computer, electronic, and optical 
products; manufacture of food products, beverages, and tobacco products; 
manufacture of furniture; other manufacturing; and manufacture of textiles, 
wearing apparel, and leather products. These are also the industries with 
comparatively higher export intensity in India, which probably explains the 
comparatively lower services FVA in total manufactured exports of India. 

T A B L E  1 .  Percentage of Imports of Services in Exports of Manufactures, 
2011

1995 2000 2005 2008 2009 2010 2011

Brazil 4 6 6 6 5 6 6
China (People’s Republic of) 24 23 22 18 18 18 18
India 5 6 9 10 11 11 13
Indonesia 9 10 9 8 7 7 7
Malaysia 19 28 25 23 23 21 22
The Philippines 19 17 20 16 15 14 11
Singapore 24 25 25 23 24 24 23
Thailand 15 18 19 20 19 19 20
Vietnam 15 18 20 21 20 19 20

Source: Trade in Value Added (TiVA), OECD (2016).
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B O X  1 . Methodology for Estimating Imported Services Value Added in  
Exports of Manufactures

The imported services value added in exports of manufactures is estimated using data from 
WIOD for the year 2014. This dataset provides input-output data for 43 countries, including 15 
developing economies, and 56 sectors. Using gross flows from WIOD and the “decompr” package 
in R, developed by Quast and Kummritz (2015), we implement the Leontief decomposition in which 
gross export flows are decomposed into value added flows between industries across countries.a 

Mathematically, this is expressed as

VB = V(I – A)–1

where V is an N × N matrix with the diagonal representing the direct value-added contribution 
of N industries, A is the Input-Output coefficient matrix with dimension N × N, that is it gives 
the direct input flows between industries required for 1$ of output, and B = (I – A)–1 is the 
Leontief inverse. VB gives an N × N matrix of value added multipliers, which denote the amount 
of value added that the production of an industry’s 1$ of output or exports brings about in all 
other industries (Quast and Kummritz 2015).
 Applying this to the world input-output tables, we have V1XGN as a vector of direct value-added 
contributions of all industries across different countries, with G denoting the number of countries 
and N denoting the number of industries. AGNXGN gives the industry flows including cross border 
relations. Since we are interested in the value added origins of exports, A and V are multiplied 
by EGNXGN whose diagonal comprises each industry’s exports. This gives us the output of the 
Leontief’s decomposition, mathematically expressed as V(I – A)–1E.
 “Decompr” implements this algorithm in R to automate the process of deriving the matrix. The 
output is a GN × GN matrix that gives for each country and industry the value added origins of its 
exports by country and industry. To get the value of imported services in manufacture of exports 
for India, we choose India as the using country, the remaining 42 countries as the source countries, 
services sectors as the source industries, and manufacturing sectors as the using industries.

a Leontief’s decomposition, based on national input-output data, proposes that output of industry X requires: 
(1) inputs from other industries as well as (2) X’s own value added. While the latter represents X’s direct 
value-added, the former represents the first round of X’s indirect contribution to VA since the inputs required 
by X from other industries triggers the creation of VA in the supplying industries. These inputs from supplying 
industries further depend on inputs from other industries, and therefore, a second round of indirect VA creation 
in supplying industries of suppliers is generated. This goes on till VA is traced back to the original suppliers.

Later on in the paper, we identify the kind of services imported by these 
industries in India, as well as in selected developing countries. 

Within the broad category of services, the services that are most used in 
manufactures, especially in the exports of manufactures, are “business ser-
vices,” including telecoms, computer services, professional services, R&D, 
consulting, advertising and marketing, technical testing, and environmental 
services. These business services have been further categorized by Gereffi 
and Fernandez-Stark (2010) in terms of horizontal services (e.g., business 
consulting, market intelligence, legal services, accounting, training, and 
marketing and sales) and vertical services (e.g., investment research in the 
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T A B L E  2 .  Percentage of Foreign Value Added by Services in Exports of 
Manufactures, 2014

Industry Brazil China Indonesia Russia India

Basic metals 8 8 8 4 11
Basic pharmaceutical products and 
pharmaceutical preparations 

18 9 15 23

Chemicals and chemical products 11 8 10 7 10
Coke and refined petroleum products 14 10 5 4 21
Computer, electronic, and optical products 28 24 48 26 19
Electrical equipment 17 15 26 14
Fabricated metal products, except 
machinery and equipment 

10 9 12 13

Food products, beverages, and tobacco 
products 

14 22 9 19 13

Furniture and other manufacturing 27 23 47 33 20
Machinery and equipment n.e.c. 22 16 32 19 20
Motor vehicles, trailers, and semi-trailers 20 10 14 51 24
Other non-metallic mineral products 6 6 8 4 7
Other transport equipment 62 29 13 59
Paper and paper products 7 9 9 6 8
Rubber and plastic products 9 9 12 11 10
Textiles, wearing apparel and leather 
products 

8 22 51 26 13

Wood and products of wood and cork, 
except furniture; manufacture of articles of 
straw and plaiting materials 

5 9 5 5 5

Source: Authors’ estimates using WIOD.

finance sector, risk management for insurance services, industrial engineer-
ing for specific manufacturing sectors, and clinical tests in the health and 
pharmaceutical industry). 

While vertical services may be linked to the product manufactured, 
horizontal services are provided across-the-board and aim at improving 
the productivity of firms and reducing their costs. These services, such as 
banking, legal, accounting, and marketing services are found to be more 
efficient and less costly when outsourced, thereby increasing the cost 
competitiveness of GVCs (Miroudot and Cadestin 2017). Other services 
such as transport, courier, and logistics services are found to be less costly 
when outsourced due to the scale economies involved. However, in recent 
years, it has been argued that there is a rising product digitalization that 
has made wholesale and retail services extremely important, especially 
cross-border e-commerce (Banga 2017). More and more products are 
now being converted into services, for example software and music 
CDs, which has also increased the importance of engaging competent 
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foreign services providers. Alibaba and Amazon are good examples of 
such service providers. 

While services FVA in the export of manufactures has been found to be 
comparatively low in the case of India for industries with comparatively 
higher export intensity (such as computer, electronic and optical products; 
manufacture of food products, beverages, and tobacco products; and manu-
facture of textiles, wearing apparel, and leather products), an important 
question that arises is whether this can adversely impact the export intensity 
of Indian firms.

3. Export Performance of Indian Manufacturing Firms, Contribution 
of Services Input

This section ascertains how the use of services inputs, particularly imported 
services, contributes to the export competitiveness of Indian manufactur-
ing firms and impacts their export intensity. For this purpose, econometric 
models are estimated using firm-level data.

There have been a large number of econometric studies on the export 
performance of Indian manufacturing firms using company-level data from 
the Prowess database in most cases. The majority of studies in the last 15 
years have used a framework based on the “self-selection” hypothesis, the 
idea that there is heterogeneity among firms in terms of productivity, and 
it is the higher productivity firms that self-select themselves into export 
activity.5 Most of these studies have found empirical support for this 
hypothesis. Thus, a firm’s decision whether or not to enter export markets 
has been found to be significantly related to the TFP of the firm—the higher 
the TFP, the greater is the probability of the firm entering export markets. 
Some of the more recent studies have incorporated financial constraints in 
the model, and they have come up with empirical results that indicate that 
after controlling for firm heterogeneity in terms of TFP and the sunk costs 
of entering export markets, financial constraints impact both the intensive 
and export margin of exports, that is impacting the number of firms that 
decide to export and also impacting the export intensity (ratio of exports 
to sales) of the firms already engaged in exports. The analysis presented 
here extends this methodology by introducing variables reflecting the use 
of domestically sourced and imported services inputs.

5. Appendix-B contains a quick review of econometric studies on the export performance 
of Indian firms.
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3.1. Econometric Model Specification and Estimation Strategy

To analyze the impact of services on firm-level exports, for the period 
2000–01 to 2014–15, the following baseline model specification is used

Export intensityit = f1 Export intensityi,t–1 + f2 Export intensityi,t–2 + 
a Log(TFP)i,t–1 + bLog(Services input intensity)i,t–1 + g{Log(Services 
input intensity) * Log(Imported service intensity)i,t–1}+ ∑ qZi,t + 
∑ jXi,t–1 +at +uit … (1)

where export intensity of firm i at time t is regressed on lagged values of 
export intensity, TFP, services input intensity, and interaction of services 
input intensity with share of imported services in total services.6 SZi,t is a 
vector of firm-level control variables measured at time t, such as log(age), 
log(size), and log (capital/labor ratio) of the firm, SXi,t–1, is a vector of 
controls measured at time t – 1 such as log (imported capital goods inten-
sity), log(R&D intensity), and log(imported raw materials and stores and 
spares [RM&SS] intensity),7 at controls for time fixed-effects, and uit is 
the error term.

Our study employs the system Generalized Method of Moments (GMM) 
estimator for estimating the above empirical model. The main issue in esti-
mating the impact of services on export intensity using this model is that of 
endogeneity. Unobserved firm characteristics can be correlated with both 
export intensity and services input intensity, leading to omitted variable 
bias. The results can also be biased if there are unobserved time-invariant 
firm effects correlated with the regressors in the model. The possibility of 
endogeneity together with the presence of firm fixed effects implies that 

6. An issue that may be raised about the model specification in Equation (1) is whether a 
standalone measure of imported services intensity should also be included in the model. This 
was tried in some specifications of the model. However, the estimated coefficient of the stan-
dalone measure of imported services intensity was found to be statistically insignificant when 
the interaction term was included. See the estimates of the model presented in Appendix-D, 
Table D.1. In the preferred model specification, therefore, the standalone measure of import 
services has not been included. This does not pose any difficulty in interpreting the parameter 
estimates. It may be easily seen from Equation (1) that the impact of services input intensity 
on export intensity, that is the derivative of export intensity with respect of log of services 
input intensity, is equal to b +{g *log(imported services intensity)}. The estimates of b and 
g are expected to be positive. This means that as the use of services input in a firm goes up it 
tends to raise the firm’s export intensity, and more so when a higher portion of the services 
inputs used are imported.

7. Some of the control variables such as R&D intensity and capital goods import intensity 
have been taken with a one-year lag in the model on the consideration that the impact of a 
change in these variables on export intensity of firms may take some time to be realized.
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ordinary least squares (OLS) results will not be consistent and will suffer 
from upward bias. Eliminating firm-specific heterogeneity using fixed 
effects models will also lead to inconsistent estimates due to the presence 
of the lagged values of dependent variables as regressors. In this case, an 
instrumental variable estimator is needed to deal with both persistency in 
the dependent variable and endogeneity in the model. 

System GMM estimates the model in both levels and first-differences. 
It deals with endogeneity by using lagged values of first-differences as 
instruments for the level equation as well as lagged values of levels as 
instruments for first-differences (Arellano and Bover 1995). It also allows 
us to include lagged values of export intensity as explanatory variables,8

enabling us to deal with problems of (a) autocorrelation of disturbances in 
panel estimation, (b) time-invariant firm effects correlated with regressors, 
and (c) the possibility that some variables may be pre-determined but may 
not be strictly exogenous.

To employ system GMM, Roodman’s (2009) xtabond2 command has 
been used, with two-step GMM estimation and robust standard errors clus-
tered at the firm level. This ensures maximum efficiency and robustness to 
heteroskedasticity and autocorrelation. We also include time fixed effects 
in all our models. 

The validity of system GMM estimations is checked using Hansen’s 
J test of over-identifying restrictions (Arellano and Bond 1991). A p-value 
greater than 0.05 ensures that the instruments are exogenous. We also check 
for no second-order serial correlation in the first differenced residuals, that 
is at the AR(2) level. Following Roodman’s (2009) suggestions and rule-
of-thumb, we report the number of instruments and ensure that it is lower 
than the number of groups in the panel. 

The model described above (hereafter referred to as Model-A) is the core 
model used for the study. An alternate model (hereafter Model-B), Equation 
(2) below, has also been estimated in which a zero-one variable reflecting 
the decision of firms to export or firms’ export status (taking value one if 
firm i exports in year t, and zero otherwise) has been used as the dependent 
variable. With the dependent variable being taken as dichotomous, the 
lagged dependent variable, lagged by one year and two years, has been 

8. Inclusion of the lagged value of export intensity in the model is essential because this 
captures sunk cost. Many studies have found that sunk cost has a significant role in explaining 
persistence of firm exports. See Padmaja and Sasidharan (2017). It should be pointed out here 
that in one of the models used by Padmaja and Sasidharan (2015), the previous year’s export 
intensity has been taken as a factor explaining the current year’s export intensity, which is 
similar to the model specification in Equation (1).
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defined accordingly. The alternate model, as described, has been estimated 
by applying dynamic panel probit with pa vce(robust) options.

Export statusit = f1 Export statusi,t–1 + f2 Export statusi,t–2 +  
a Log(TFP)i,t–1 + bLog(Services input intensity)i,t–1 + g{Log(Services 
input intensity) * Log(Imported service intensity)i,t–1}+ ∑ qZi,t + 
∑ jXi,t–1 +at +uit … (2)

It should be noted that most of the studies undertaken to verify the 
self-selection hypothesis with Indian firms’ data have estimated models in 
which the dependent variable has been taken as dichotomous reflecting the 
decision to export or export status, as in Model-B. Very few recent studies 
on exports of Indian firms have used a model similar to Model-A.

One advantage of estimating both Model-A and Model-B is that 
Model-B shows the impact of the explanatory variables on the extensive 
margin of exports (since it captures how many firms decide to enter the 
export market), whereas Model-A basically captures the intensive margin 
of trade (since it captures the increases in exports that take place in firms 
that are continuing exporters).9

3.2. Data and Variables

Prowess data for the 15 years from 2000–01 (hereafter 2001) to 2014–15 
(hereafter 2015) are used for the analysis.10 Only data for manufacturing 
firms has been used (based on the NIC codes of companies in the database). 
Firms for which there are less than three observations during the period 
under study have been excluded.

3.2.1. ESTIMATION OF TOTAL FACTOR PRODUCTIVITY

As discussed in Appendix-B, there is theoretical basis as well as empirical 
evidence to argue that more productive firms are more likely to export. 
To examine the export behavior of firms in such a self-selection frame-
work, firm-level estimates of TFP are needed. One possibility is to take 
an OLS approach to production function estimation, and then measure 
the TFP of firms as the difference between the actual output and the 
predicted output. However, this may give biased results since the firms’ 
choice of inputs is potentially correlated with unobserved productivity 
shocks. In most studies reviewed in Appendix-B, the Levinsohn-Petrin 
(L-P) method has been applied to estimate productivity (see Levinsohn 

9. See Nagaraj (2014) and Padmaja and Sasidharan (2015).
10. See Appendix-A for a discussion of this data.
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and Petrin 2003). In this study too, the L-P approach to estimation of 
TFP has been adopted.

Under the L-P approach, productivity is calculated by using firms’ mate-
rial inputs (or energy inputs) as a proxy for the part of unobserved productiv-
ity shocks that is correlated with the inputs. This technique improves upon 
the Olley and Pakes (O-P) (1996) methodology, which uses investment as a 
proxy and requires that the proxy is strictly increasing in productivity. Since 
this implies that only observations with positive investment values can be 
used for the estimation, using the O-P approach may result in significant loss 
in efficiency. The L-P approach imposes less stringent data requirements 
and allows most observations to be retained.

To estimate firm-level TFP using the L-P method, a value-added function 
has been estimated with two firm-level inputs, capital and labor, and real 
energy has been used as a proxy for productivity shocks. TFP estimates are 
obtained using the levpet command, developed by Petrin et al. (2004). The 
construction of variables used in the estimation of TFP is described in Table 3. 

A remark may be added here on the estimation of the fixed capital stock 
that is taken as a measure of capital input. In industry-level productivity 
studies in India based on the Annual Survey of Industries (ASI), a fixed 
capital stock series is often constructed by the perpetual inventory method. 
In productivity studies based on company-level data in India, the perpetual 
inventory method has been used in some cases (e.g., Padmaja and Sasidharan 
2017), while others have applied a blanket deflation procedure (e.g., Haidar 
2012). In this study, the blanket deflation procedure has been applied 
despite its known limitations. The reported data on net fixed assets has 
been deflated directly by a deflator for fixed capital assets computed from 
data on fixed capital formation in manufacturing available in the National 
Accounts Statistics.

3.2.2. VARIABLES USED IN THE REGRESSION ANALYSIS

Table 4 explains the variables used in the regression analysis. Export inten-
sity, which is the key variable to be studied, has been obtained as the ratio 
of exports of goods to sales.

The key explanatory variables used for the econometric model are TFP, 
services input intensity, and imported services intensity. The measure of 
TFP has already been discussed above. The service input intensity variable 
has been formed by dividing the total expenditure on services purchased 
by sales (thus, in-house services are not taken into account). The imported 
services intensity variable is formed by taking the share of imported services 
in the total services purchased.
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Data on imports of services is not readily available in Prowess. An 
estimate has been made by considering the data provided in Prowess under 
the head, “other foreign exchange payments (including services),” which 
includes expenditure incurred on foreign exchange in respect of certain items 
that could be identified as belonging to services. A more detailed discussion 
on this variable (including limitations of the measure used) is in Appendix-E.

Other explanatory variables used for the econometric models are firm 
size, age of the firm, capital intensity (or capital–labor ratio), R&D intensity, 
intensity of use of imported RM&SS, and capital goods import intensity. 

While the core econometric analysis of export performance presented 
in the paper is based on variables listed in Table 4 along with TFP, which 
is based on variables listed in Table 3, for some additional analysis, three 
financial variables have been included in the models. This is discussed later 
in the paper.

3.2.3. SUMMARY STATISTICS

The summary statistics for the variables used are presented in Tables 5 and 6.
Table 5 shows that there is wide inter-firm variation in real value added, 

employment, capital stock, and value of energy used. In certain cases, 
the reported figure for output, value added, or input is found to be zero. 
However, such observations get dropped from the analysis when the L-P 
method is applied for estimating TFP.

The sample average of export intensity is 12.2 percent (Table 6). The 
standard deviation is 23.12 percent. In a significant portion of the cases (49 

T A B L E  4 .  Construction of Variables Used in Regression Analysis

Variable Construction
Data Sources 
Used

Export intensity Export of goods/sales Prowess
Size Log(Total assets) Prowess
Age of the firm Reporting year—year of incorporation Prowess
Service input intensity Services purchased/sales Prowess
Imported services intensity Imported services/total services purchased Prowess
R&D intensity R&D expenditure/sales Prowess
K/L ratio Capital/labor employed in the firm Prowess
Imported RMSS intensity Imported RMSS/sales Prowess
Imported capital goods intensity Imported capital goods/sales Prowess

Source: Prepared by authors.
Note: Assets and capital are deflated by three-digit WPI deflator and capital deflator, respectively. Services 
inputs include expenses on heterogeneous services comprising rent and lease, repair and maintenance, 
outsourced manufacturing jobs, outsourced professional jobs, insurance, selling and distribution expenses, 
and financial services.
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percent), the reported export intensity is zero. Only in 467 observations (out 
of over 65,000 observations) is the export intensity actually reported as zero, 
otherwise the missing values are taken as zero exports.11

The sample average of services input intensity is 11.79 percent, with a 
standard deviation of 8.81 percent. The 10th and 90th percentiles are 3.3 per-
cent and 22.2 percent, respectively. Thus, in 80 percent of the observations, 
the services input intensity is in this range. 

The sample average of the share of imported services in the total services 
purchased is only 1.24 percent. In a significant portion of the cases (58 per-
cent in the sample), the imported services intensity variable takes the value 
zero. This aspect is discussed further in Appendix-E.

T A B L E  5 .  Summary Statistics for Variables Used in Estimation of TFP

Variables Observations Mean STD Min Max Units

Real sales 64,900 38.22 379.34 0 23,710 ` million
Real value added 62,170 14.11 186.23 0 13,041 ` million
Labor 36,301 1,108.78 4,923.42 0 1,93,628 No. of employees
Real energy 60,810 1.45 8.78 0 536 ` million
Real capital (fixed) 62,585 1,296.24 13,274.48 0 12,38,902 ` million
Service input 62,508 467.85 3,561.36 0 2,88,857 ` million

Source: Authors’ computations.

T A B L E  6 .  Summary Statistics for Variables Used in Regression Analysis

Variable Observations Mean STD Min Max Units

Export intensity 65,510 12.20 23.12 0.00 132 Share (%)
TFP_LP 34,224 0.03 0.04 0.00 0.8
Services input intensity 62,491 11.79 8.81 0.00 147 Share (%)
Imported services share in 
total services

62,203 1.24 7.58 0.00 150 Share (%)

R&D intensity 65,547 0.18 1.28 0.00 97 Ratio (%)
Capital/labor ratio 34,646 9.76 69.77 0.00 5,114 Capital in ` million 

per unit of labor
Total assets 62,422 37.58 299.49 0.00 18,416 ` million
Age 65,014 24.86 17.82 0.00 136 Years
Share of imported RM&SS 
in sales

65,480 7.29 13.29 0.00 100 Share (%)

Imported capital goods 
intensity

65,509 0.94 4.70 0.00 150 Share (%)

Source: Authors’ computations.
Note: TFP_LP = Total factor productivity estimated by the Levinsohn-Petrin method.

11. This practice is common among econometric studies on the export intensity of Indian 
firms using Prowess database.
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3.3. Preliminary Analysis: TFP, Export Intensity and Services Input 
Intensity of Indian Firms

This sub-section presents a preliminary analysis of the data that is used 
later for the estimation of models. First, an analysis of trends is presented, 
followed by an analysis of estimated export premium.

3.3.1. ANALYSIS OF TRENDS

The TFP index, averaged across firms in the sample, is shown in Figure 1. 
The index has been formed by taking the average TFP of all firms in 2001 
as 100. It is evident from the figure that there was an upward trend in TFP 
in Indian manufacturing firms from 2001 to 2015. Between 2001 and 2008, 
the TFP index rose by about 14 percent. The TFP index fell in 2009 and 
again in 2010. Between 2010 and 2015, the TFP index rose by about 11 
percent. The trend growth rate in TFP from 2001 to 2015 was about 0.8 
percent per annum.

Figure 2 compares TFP levels between exporters and non-exporters (i.e., 
firms reporting positive exports versus firms reporting zero exports or not 
reporting exports, which has been taken to be zero). The TFP index for the 
two groups is shown in the figure, with the average for all firms for 2001 
being taken as 100. It is seen that the level of TFP was higher for exporters. 
The gap in TFP levels between exporters and non-exporters varies from 
year to year. The range is from 17 percent in 2006 to about 42 percent in 
2001 and about 53 percent in 2015. There is no indication that the gap has 
significantly widened over the years. 

F I G U R E  1 .  TFP Index (All-firms Average TFP in 2001=100)
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The average exports intensity (exports by sales) and services input intensity 
(expenditure on services inputs divided by sales) across manufacturing firms 
have been computed for each year between 2001 and 2015. These are depicted 
in Figure 3. From 2001 to 2013, average exports intensity remains by and large 
around 12 percent, though there are some small variations. Between 2013 and 
2015, there was an increase of about two percentage points in export intensity.

By contrast, there was a downward trend in services input intensity from 
2001 to 2011. Since then, there has been some increase in services input 
intensity. 

F I G U R E  2 .  TFP Index, Exporters and Non-exporters (All-firms Average TFP 
in 2001= 00)
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F I G U R E  3 .  Export Intensity and Services Input Intensity (All-firms Average)
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A comparison of services input intensity between exporters and 
non-exporters is made in Figure 4. It is seen that services input intensity for 
exporters exceeds that for non-exporters. Services input intensity declined 
for both exporters and non-exporters from 2001 to 2011. Since then, there 
has been an upward trend, which is more pronounced for non-exporters 
than for exporters.

3.3.2. EXPORT PREMIUM

An interesting issue to investigate is whether exporters are significantly 
different from non-exporters in important firm characteristics, particularly 
size and productivity. In empirical studies on the export performance of 
firms following the framework of the self-selection hypothesis, such a 
comparison of firm characteristics between exporters and non-exporters is 
often made by applying regression analysis. Firm characteristics chosen for 
the analysis are regressed on an exporter dummy and a set of controls (see, 
e.g., Gupta et al. 2013; Haidar 2012; Ranjan and Raychaudhuri 2011). The 
coefficient of the exporter dummy shows the difference between exporters 
and non-exporters after controlling for industrial affiliation and such other 
differences. This is termed as the export premium.

For this analysis, we use a methodology similar to Bernard et al. (1995), 
which has been used in Gupta et al. (2013) and several other studies. It 
involves an OLS regression of a firm characteristic (say log of sales or log 
of assets) on the export status of the firm along with industry dummies and 
time dummies. This analysis has been done for five characteristics. The 
results are reported in Table 7.

F I G U R E  4  Services Input Intensity, Exporters versus Non-exporters (All-
firms Average)
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The results presented in Table 7 bring out that exporters are much bigger 
in size than non-exporters (by about 172 percent).12 A simple comparison 
of the mean of the total assets of the two groups reveals that the mean total 
assets of exporting firms is about eight times that of non-exporters. This, 
however, does not take into account the industrial distribution of export-
ers and non-exporters. Thus, the regression analysis brings out that after 
controlling for industrial affiliations of firms and time, the gap is about 
172 percent. 

A significant gap between exporters and non-exporters is found in the 
ratio of imported RM&SS to sales. The export premium is found to be about 
6.75 percentage points. This is basically a reflection of the relative higher 
import dependence of exporters.13

The export premium in respect of TFP is found to be 35 percent, that is 
exporters have on average 35 percent higher TFP than non-exporters. This 
is consistent with the pattern observed in Figure 2.14

The export premium for services input intensity is found to be about 1.6 
percentage points. The sample average of services input intensity is about 
11.8 percent. The implication is that services input intensity of exporters is on 
average about 10 percent higher than that of non-exporters. This is consistent 
with the pattern observed in Figure 4. The estimates of export premium indi-
cate that the difference in the TFP level between exporters and non-exporters 
is relatively bigger than the difference in service input intensity. 

12. Haidar (2012) finds the difference in capital stock to be 136 percent, which is by and 
large in line with the results obtained in this study. 

13. A simple comparison shows that the ratio of imported RM&SS to sales is about 4 
percent for non-exporters and about 12 percent for exporters, implying that exporters have 
greater dependence on imported RM&SS. For a discussion on import intensity of India’s 
manufacturing firms engaged in exports, and the inter-dependence between export decision 
and import decisions of firms, see Goldar (2013a).

14. Haidar (2012) finds the export premium in respect of TFP to be about 26 percent. 

T A B L E  7 .  Export Premium, OLS Regression of Values of Firm Characteristics 
on Export Status

Variable
Coefficient of Export 

Status Dummy t-value

Log(total assets) 1.722 137.58
Log(TFP) 0.356 30.29
Service input intensity (services purchased divided by sales) 1.646 28.60
Share of imported RMSS in sales 6.749 78.99
Share of imported services in total services purchased 0.369 11.08

Source: Authors’ computations.
Note: Year dummies and industry dummies at five-digit NIC have been included in the regression equation. 
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The gap between exporters and non-exporters in regard to the share of 
imported services in total services purchased is found to be 0.37 percentage 
point. The sample average of the share of imported services in total ser-
vices used is about 1.24 percent. It may therefore be inferred that exporters 
have about 30 percent higher intensity of using imported services than 
non-exporters.

3.4. Model Estimates 

The estimates of Model-A are presented in Table 8. Six alternate model 
estimates are shown. The dependent variable is export intensity. The key 
explanatory variables are lagged export intensity, TFP, firm size, service 
input intensity, and imported services input intensity. 

The lagged export intensity captures the influence of sunk cost (see, e.g., 
Padmaja and Sasidharan 2015; 2017). While studies commonly use one 
lagged term, in this study, two lagged terms have been used.15

Firm size and TFP capture the effect of firm heterogeneity. For both 
variables, a positive coefficient is expected. Size is measured by the loga-
rithm of total assets.

Services input is a variable of prime interest in this analysis. A positive 
effect of services input on export intensity is hypothesized, which would 
be consistent with the findings of Bas (2013) and Mukherjee (2015).16 It is 
hypothesized further that the use of imported services will provide an edge 
to exporters in operating in international markets. To capture this aspect, an 
interaction term between services input intensity and the share of imported 
services in total services used is taken as an explanatory variable (refer 
to Footnote 6 on the issue of model specification connected with services 

15. Nagaraj (2014) and Padmaja and Sasidharan (2017) have used two lagged terms of the 
dependent variable in estimating a model for explaining export status, that is a model similar 
to Model-B of this study.

16. Several empirical studies have found that liberalization of services and increased use 
of services by manufacturing firms have a positive effect on their export performance (see, 
e.g., Lodefalk 2012, a study of Swedish firms; Berulava 2012, a study of firms in transition 
economies; and Bas 2013, a study of Indian firms). The reasoning for such a relationship 
has been clarified in this literature. A major part of the effect occurs through cost saving 
and efficiency gains made possible by increased access to and use of efficient services. But 
the favorable effect of services input on export performance of firms may occur for reasons 
beyond the productivity enhancing effect of services. Lodefalk (2012), for example, argues 
that services may help firms overcome informal barriers such as asymmetric information in 
international trade. Also, by enhancing the services content of their offer, manufacturing firms 
may be able to generate higher demand for their products in international markets. Another 
argument is that firms in developing countries often export a better quality product than what 
they sell in the domestic market, and inasmuch as services deregulation helps improve product 
quality, it enhances export performance (as argued by Bas 2013).
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input). The expected sign of the coefficient is positive. A positive coeffi-
cient of the interaction term will mean that the impact of services input on 
export intensity goes up as imported services form a greater proportion of 
the services used.17

A number of other controls have been included in the estimated model. 
These are R&D intensity (to capture technology orientation of the firms; 
higher R&D intensity is expected to raise export intensity), imports of capital 
goods18 (representing technological inflow embodied in machines), imports 
of RM&SS, age, and capital–labor ratio. 

The results presented in Table 8 clearly indicate that there are sunk costs 
associated with export activity, which cause persistence in firm exports. The 
basis for this inference is the positive and statistically significant coefficients 
of the two lagged terms of export intensity.

The coefficient of TFP is positive as expected and statistically significant 
at a 1 percent level. This shows that, other things remaining the same, a 
higher level of TFP leads to higher export intensity. This empirical result is 
consistent with the self-selection hypothesis.

17. The role played by imported services in enhancing exports has received attention 
in a study by Marel (2017). In this study, the econometric modelling of export behavior 
is done by using cross-country firm-level data for 43 mostly developing countries for the 
period 2003 to 2010. The focus of the study is on the impact of intermediate input trade cost 
barriers on export performance. The tariff and non-tariff barriers on products and services 
barriers (for services trade in modes 1 and 3) are considered for the analysis. The results 
of the analysis indicate that non-tariff barriers and services restrictions impede export per-
formance, signifying the importance of services trade liberalization for boosting exports. 
Somewhat similar conclusions regarding the impact of services restrictions on exports of 
manufactured products may be drawn from the results of a study undertaken by Wolfmayr 
(2012). In this study, cross-country data for 13 EU countries for 13 manufacturing industries 
for the years 1995, 2000, and 2005 are used. In the models estimated, the export market 
share of a particular country for a particular manufactured product category is taken as being 
dependent on a set of variables including services input linkages further segregated into 
imported and domestic components of services (based on input-output tables). The results 
obtained in the study indicate that the use of imported services has a significant positive 
effect on export market share. A positive effect is found for both knowledge-intensive 
business services as well as other services. Manufacturing firms’ linkages to domestic 
service industries is not found to have a significant effect on export performance, though 
the coefficient is positive as expected. This appears to indicate that the use of imported 
services has a greater impact on the export performance of manufacturing firms than the 
use of domestically procured services.

18. Rijesh (2017) has examined the impact of imports of capital goods on the export per-
formance of Indian manufacturing firms. He has used industry-level panel data based on the 
Prowess database for the years 1997–2016. He finds a significant positive effect of capital 
goods imports on exports of manufactured products, particularly for engineering industries 
(metals, machinery, and transport equipment) and for some traditional export industries such 
as textiles and leather products.
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Turning now to the services input variables, the coefficient of both terms is 
found to be positive and statistically significant at the 1 percent level. It may 
be inferred accordingly that increased use of services input contributed to bet-
ter export performance, more so if a greater part of the services is imported.

Among the other controls used in the model, only age and imports of 
RM&SS are found to be statistically significant in impacting export inten-
sity. The coefficient of age is negative, which indicates that new firms have 
higher export intensity. The coefficient of imported RM&SS is positive 
and statistically significant at the 1 percent level in one model and at the 5 
percent level in another model. The results indicate that the use of imported 
RMSS enhances export performance. This finding is in agreement with the 
findings of Goldar (2013b).

The estimates of the random effects probit model, that is Model-B, which 
explains the decision to export, are presented in Table 9. The coefficients of 
the lagged dependent variable with one-year and two-year lags are found to 
be positive and statistically significant at the 1 percent level. This signifies 
that there are substantial sunk costs of export activity. This finding is in 
conformity with the findings of Padmaja and Sasidharan (2017).

The coefficient of TFP is found to be positive and statistically significant, 
as in the results of Model-A presented in Table 8. This finding of a positive 
relationship between the TFP level and the decision to export reflects the 
influence of firm heterogeneity (as hypothesized), and it is in agreement with 
the findings of Tabrizy and Trofimenko (2010), Ranjan and Raychaudhuri 
(2011), Haidar (2012), and Gupta et al. (2013). It was mentioned earlier that 
Thomas and Narayanan (2016) found a positive effect of TFP on export status 
for the 1990s, but not for the 2000s. The results obtained in this study show 
that such a relation was also prevalent in the 2000s. This observation finds 
supports from the analysis done by Padmaja and Sasidharan (2017). They 
used firm-level data from Prowess for the years 1995 to 2010 and have esti-
mated a model similar to Model-B in this study. Their results show a signif-
icant positive effect of TFP and labor productivity on the decision to export.

In the results presented in Table 9, the technology-related variables are 
found to be important in explaining the decision to export. The coefficients 
of R&D intensity and capital goods import intensity variables are positive 
and statistically significant. The coefficient of import intensity of RM&SS 
is positive and statistically significant, which matches the results reported in 
Table 8. Better access to imported intermediate inputs appears to contribute 
to improved export performance.

As regards the services input variable, the coefficient is positive and 
statistically significant at the 1 percent level. The same holds true for the 
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T A B L E  9 .  Probit Model-B Estimates of Dependent Variable Exporter (t) 
(Decision to Export or Export Status)

Variables Model1 Model2 Model3

L. exporter 2.069*** 2.065*** 1.990***
(0.0342) (0.0355) (0.0358)

L2. exporter 0.874*** 0.840*** 0.822***
(0.0365) (0.0379) (0.0381)

L. Log(tfp_lp) 0.0740*** 0.0646*** 0.0624***
(0.0135) (0.0141) (0.0141)

L.Log(service__intensity) 0.177*** 0.173*** 0.146***
(0.0206) (0.0215) (0.0216)

Log(age) –0.0193 –0.0307 –0.0230
(0.0216) (0.0226) (0.0226)

L.log(S_intn)#
L.log(IMPS_intn.)

0.00721*** 0.00705*** 0.00605***

(0.000750) (0.000775) (0.000774)
Log(total_assets) 0.112*** 0.111*** 0.0819***

(0.00870) (0.0107) (0.0111)
L.log(R&D_intn.) 0.00991*** 0.00748***

(0.00208) (0.00213)
Log(K/L) –0.00267 –0.00503

(0.00764) (0.00765)
L.log(imp._rmss_intn.) 0.0101***

(0.00148)
L.log(imp.cap_goods_intn.) 0.0121***

(0.00219)
Constant –1.210*** –1.059*** –0.806***

(0.112) (0.124) (0.130)
Industry fixed effects no no no
Time fixed effects yes yes yes 
Prob>Wald Chi2 0.000 0.000 0.000
Observations 24,440 22,697 22,697
Number of firm_id 4,602 4,390 4,390

Source: Authors’ computations.
Note: Standard errors in parentheses; Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1.
Exporter (t) =1 if firm’s export intensity is greater than 0 at time t. L.log(S_intn)#L.log(IMPS_intn.) 
is interaction of services input intensity and imported services intensity. Results are robust to 
heteroskedasticity and are obtained using population averaged dynamic probit models.

interaction term involving imported services. These results are in agreement 
with the results for these two variables in Table 8. Thus, it appears that 
increased use of services input (especially imported services) increases not 
only the extensive margin of exports (i.e., entry of new exporters) but also 
the intensive margin of export (raising the export intensity of continuing 
exporters).

In Table 9, firm size is found to be an important determinant of the deci-
sion to export. The coefficient is positive and statistically significant at the 
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1 percent level. In the estimates of Model-A presented in Table 8, firm size 
has a statistically significant coefficient in only one of the regressions. In 
other cases, the coefficient is found to be either negative (contrary to expec-
tations) or positive, but statistically insignificant. It may be mentioned in this 
context that a positive relationship between firm size and export intensity 
has been found in Agarwal (2001) and Goldar and Kato (2009), but Kumar 
and Siddharthan (1994) found an inverted-U relationship. As regards firm 
size and the decision to export, a positive relationship has been found by 
Ranjan and Raychaudhuri (2011). 

There is a possibility that while bigger size increases the probability of 
entering the export market, once a firm starts exporting, size increases may 
not lead to higher export intensity. This, if true, would explain why the 
results in respect of size variable differ between Tables 8 and 9.

A key finding of the econometric analysis based on the firm-level data 
is that services input, particularly imported services, contributes signifi-
cantly to the export intensity of Indian manufacturing firms. To check the 
robustness of this finding, three additional exercises have been carried out: 
(a) estimating Model-A by applying panel Tobit (Appendix-D) instead of 
system GMM, (b) introducing variables representing financial constraints as 
additional controls in the model (Appendix-D), and (c) estimating Model-A 
for a particular subset of manufacturing industries, namely the network 
product industries that are marked by relatively greater presence of GVCs 
(Appendix-F). 

Table D.2 in Appendix-D presents estimates of Model-A obtained by 
applying a random effects panel Tobit instead of system GMM. The logic 
in applying a random effects panel Tobit is that it takes into account the 
fact that the dependent variable is truncated at zero and in nearly half of the 
observations, the export intensity is zero. It should be noted, however, that 
qualitatively, the results in Table D.2 in Appendix-D are similar to those 
in Table 8. The coefficients of lagged export intensity, TFP, and services 
variables are found to be statistically significant with the expected sign.

Table D.3 in Appendix-D presents the estimates of Model-A in which 
additional control variables have been introduced, which represent financial 
constraints faced by firms. Debt–equity ratio, liquidity, and leverage are the 
three financial variables used.19 The estimated coefficients of these three 

19. The debt–equity ratio may be treated as a measure of the financial constraints being 
faced by firms. The lower the ratio of debt to equity, the better is the scope for raising addi-
tional resources. An alternate measure of leverage used in this study is the ratio of short-term 
borrowings from banks to total assets, as also done by Padmaja and Sasidharan (2015). The 
third financial variable used for the econometric analysis is liquidity, which has been defined 
as the difference between current assets and current liabilities divided by total assets; the same 
definition has been used by Nagaraj (2014), and Padmaja and Sasidharan (2015).
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variables are found to have the expected sign. The coefficients of liquidity 
and leverage are found to be statistically significant at the 10 percent level. 
Thus, from the results obtained, there is only weak support for the hypoth-
esis that financial constraints adversely impact the export performance of 
Indian manufacturing firms, though several earlier studies undertaken for 
Indian firms have found a significant effect of financial constraint on export 
performance of firms (see Appendix-B).20 What is more important to note 
is that even after controlling for variables representing financial constraints 
faced by the manufacturing firms, the basic findings of the analysis in respect 
of the impact of TFP, lagged export intensity, services input intensity, and 
imported services share in total services remains intact. 

Estimates of Model-A for network product industries presented in 
Appendix-F are similar to those presented in Table 8, which covers all 
manufacturing industries. The coefficients of the services input variable and 
the interaction term involving imported services are positive and statistically 
significant, as in the results reported in Table 8, providing support to the 
finding that an increased use of the services input, particularly imported 
services, enhances the export performance of Indian manufacturing firms.

4. Types of Imported Services Used in Manufacturing Industries

The results of the above estimations show that services, especially imported 
services, provide an edge to exporters in operating in international markets 
by positively impacting export intensity of the firms. However, it has also 
been found that India uses less services FVA in the exports of its manufac-
tures, though not for all industries. A disaggregated industry-level analysis 
shows that traditional export-intensive manufacturing industries (such as 
manufacture of food products, beverages, and tobacco products; manufacture 
of furniture; other manufacturing; manufacture of textiles, wearing apparel, 
and leather products; and manufacture of computer, electronic, and optical 
products) have comparatively lower services FVA in their exports. It is 
important to further investigate what kinds of services are being imported 
and used in manufacturing exports by India and other selected developing 
countries in the above-identified manufacturing industries. This analysis is 
undertaken using WIOD and using the “decompr” package in R. 

20. There are studies for other countries that have found a significant effect of financial 
constraints on the probability of exporting (e.g., Minetti and Zhu 2011). Lancheros and Demirel 
(2012), who have examined the role of financing constraints in exports of service sector firms 
in India, do not find a significant impact of financial constraints on export performance.
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Tables C.1, C.2, and C.3 in Appendix-C report the services FVA in the 
exports of three industries, namely the manufacture of computer, electronic, 
and optical products; the manufacture of textiles, wearing apparel, and 
leather products; and the manufacture of food products, beverages, and 
tobacco products. 

There are 38 disaggregated services used in the exports of manufactures 
reported in WIOD. A comparison is made of the percentage of FVA of 
each of these services in the exports of the three selected manufacturing 
industries. In computer, electronic, and optical products, exports from 
India appear to use relatively less of horizontal services such as whole-
sale, retail, financial, and legal services as compared to other countries. 
One might argue that the imports of these services are lower in India 
because an efficient supply of these services is available in India and, 
therefore, domestic manufacturing firms do not need to use imported 
services. However, a counter argument would be that if this were the 
case, then India should have been exporting more of these services. Table 
C.4 reports the exports of legal and accounting services from India in 
the period 2000–14 as compared to other developing countries such as 
China, Brazil, and Indonesia, and shows that India’s exports are much 
lower. It is possible that these services are not necessarily provided more 
efficiently in India. It may be noted further that imports of services such 
as programming, consulting, and related information services appear to 
be slightly lower than in other countries. However, this may be because 
such services are less costly in India given the competitiveness of Indian 
computer services. 

A similar trend with respect to horizontal services is noticed in exports of 
manufacture of textiles, wearing apparel and leather products, which is one 
of the traditional export industries of India. The share of FVA of wholesale 
and retail trade in exports appears to be lower in the case of India (2.2 per-
cent) as compared to other countries such as China (3 percent), Indonesia 
(9.1 percent), and Russia (5 percent; Table C.2). Given the rising impor-
tance of e-commerce, imported services under this category have gained 
importance in other countries, while in India, it is still under the category of 
comparatively less imported services. China, Indonesia, and Russia use more 
services FVA in exports of textiles, wearing apparel, and leather products 
in almost all services categories as compared to India. 

In food, beverages and tobacco products, which are generally identified 
as the least servicified industry, India does not seem to have lower horizontal 
services, but has lower vertical services or services related to crop and animal 
production, hunting, and related service activities (Table C.3). As compared 
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to other horizontal services, legal service is the only service where the FVA 
in exports appears to be lower than that in China.

Similar results with respect to lower contribution of FVA by services in 
India’s manufacturing exports have been highlighted by Chanda (2017). 
Chanda states that in India, 

[T]he main point of concern is that emerging areas such as R&D and business services 
and IT services, which can potentially create more value, increase business sophistica-
tion and raise technological depth in production—some of the stated goals of the “Make 
in India” program—show very low levels of contribution to manufacturing exports.

Using the OECD database on “Compare your Country,” Chanda con-
structs trade restrictiveness indices for specific services sectors in India, 
China, and OECD countries, and finds that the level of protection in 
India still remains high as compared to other countries for services such 
as transport and logistics, legal, accounting, and distribution services, all 
of which are key enablers to participation in manufacturing GVCs. The 
study also finds that the FDI in services in India is more restricted than 
FDI in manufacturing.

5. Main Findings and Policy Implications

In this paper, we analyzed India’s linkage into GVCs, and the role played 
by services in this regard. First, an analysis was carried out at the economy 
level and at the industry level using data for developing countries in the TiVA 
and WIOD databases. The services component of exports of manufactures 
was compared between India and several other developing countries. This 
analysis was supplemented by a firm-level econometric analysis using panel 
data for India for the period 2001–15. The aim of the firm-level analysis 
was to assess the impact of services inputs, particularly imported services, 
on the export performance of manufacturing firms. 

Following are the main findings of the analysis undertaken at the econ-
omy and industry levels: 

1. Services content of India’s exports of manufactured products is rela-
tively lower than that of several other major developing countries. 
China, Malaysia, Singapore, Thailand, and Vietnam had higher import 
content of services than India, while countries with a high share of 
natural resources in their exports, such as Brazil and Indonesia, had 
lower services content in their exports of manufactures.
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2. Imported service content in India’s exports is relatively low in pro-
ducts that are more export intensive. This explains why the foreign 
services component in India’s exports of manufactures is relatively 
low at the aggregate level.

3. India uses lower services FVA in its exports. But this is not true across 
all industries. A services-level disaggregated analysis shows that it 
is mainly horizontal services such as financial, legal, accounting, 
wholesale, and retail services that are less imported as compared to 
vertical services in selected export-oriented industries.

The firm-level analysis was undertaken with the help of econometric models 
based on the self-section hypothesis. There is an underlying assumption 
of firm heterogeneity in terms of their productivity levels. The premise is 
that it is more productive firms that are likely to enter the export market. 
Similarly, it was hypothesized that an increase in the level of productivity 
would enhance export intensity. In the estimated econometric models, 
service input intensity and share of imported services out of total services 
were taken as two of the key explanatory variables. The main findings of 
the firm-level analysis are as follows:

1. Increased use of services input positively and significantly impacts 
firm-level export intensity, and this impact is higher as the share of 
imported services in total services increases. 

2. Firms that have a higher ratio of services input to sales are more 
likely to enter the export market. This positive effect of services on 
the probability to export is higher for firms that have a higher share 
of imported services. 

3. Empirical support is found for the self-selection hypothesis, con-
firming the findings of several earlier studies. TFP is found to be an 
important factor explaining the decision of firms to enter the export 
market. Also, a significant positive relationship was found between 
TFP and export intensity.

It is important to underscore here the key message emerging from the mac-
ro-level analysis and the micro analysis. The message is that for substantially 
enhancing India’s manufactured exports, it is important that manufacturing 
firms get access to an efficient supply of intermediate inputs and capital 
goods. The trade reforms undertaken so far have considerably liberalized 
imports of capital goods as well as imports of materials, stores and spares, 
but significant restrictions on the use of imported services still remain. This 
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issue needs to be addressed for boosting India’s manufactured exports. It 
should be pointed out that similar views have been expressed by Chanda 
(2017). In her recent paper, she asserts that if India is to move to higher 
value added manufacturing for the global market, the government must pay 
attention to transport and logistic services, and R&D and business support 
services. This requires, according to her, among other things, “measures 
aimed at reducing regulatory restrictions that affect services both at the 
border and behind the border and which hurt the quality of services.”

5.1. Policy Implications of Findings of Economy and Industry-level Analysis

The growing servicification of the manufacturing sector and the rising 
product digitalization have increased the complexity of policymaking. The 
division between manufacturing exports and services exports is fast blur-
ring, as manufactured exports are depending more and more on services to 
improve their competitiveness. Firms are unbundling the services compo-
nent of their manufacturing output and are outsourcing services. However, 
services are considered to have lower productivity growth as compared to 
manufacturing. Therefore, a shift towards services in an economy has been 
regarded by some as “de-industrialization,” which may lead to a slowdown 
of the growth of overall productivity and real output growth in the economy, 
resulting in stagnation (Baumol et al. 1985). A whole stream of the literature 
has emerged that has debated and tested this theory of lower productivity 
growth in the services sector, and the relevance of Baumol’s Disease without 
reaching any consensus.21

The growing contribution of services in exports has also been witnessed 
by India. However, as compared to other developing countries, a higher 
proportion of these services are being domestically sourced by Indian firms. 
It has been argued, with respect to India, that the domestic value-added 
content in exports of the manufacturing sector is declining and that India is 
experiencing a “hollowing-out” of its manufacturing sector (Banga 2016). 
However, it has been found that the domestic value-added content in exports 
has declined more for domestically sourced intermediate products as com-
pared to domestically sourced services. The importance of efficient services 
in raising exports of manufactures cannot be doubted. The question that pres-
ents itself here is whether Indian policymakers should encourage imported 
services content in manufactured exports to improve the competitiveness of 
India’s manufacturing exports, or encourage domestic sourcing of services 
in order to boost domestic value-added content in exports. 

21. See Nordhaus (2006). 
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The analysis presented above in this section of the paper highlights that 
India uses lower services FVA in its exports. But this is not true across all 
industries. A disaggregated industry-level estimation showed that this is true 
for some traditional export-oriented industries as well as for computers and 
electrical industries. A further services-level disaggregated analysis showed 
that it is mainly horizontal services such as financial, legal, accounting, 
wholesale, and retail services that are less imported as compared to verti-
cal services in selected export-oriented industries. Further, the firm-level 
analysis highlighted that a higher extent of imported services in total output 
positively impacts export intensity.

The reason for lower imported services FVA in exports of some 
industries in the identified horizontal services arises from the fact that 
these services in general face higher trade restrictions as compared to 
other services. Further, in India, the trade restrictions on these services 
are much higher as compared to other countries. The Services Trade 
Restrictiveness Index (STRI), as estimated by OECD22 in 2015, is found 
to be less trade friendly in 19 out of 22 services sectors. The highest STRI 
scores for India are found for services such as accounting, legal, and rail 
freights. The imports of accounting and auditing services are banned as 
these services are reserved for Indian nationals only and require a license. 
Legal services are also reserved similarly for Indian lawyers. Corporates 
or partnerships with foreign firms are not allowed in these services. Only 
“fly-in–fly-out” access is provided to foreign legal services providers to 
provide legal advice. 

There have been some attempts to liberalize legal services in India. 
In January 2017, the Ministry of Commerce and Industry, along with the 
Ministry of Law and Justice, revoked a ban on the practice of law from 
special economic zones (SEZs), by issuing a notification in the Gazette of 
India amending the Special Economic Rules governing SEZs. The amend-
ment deletes “excluding legal services and accounting” from Rule 76 of 
The Special Economic Zones Rules, 2006, which specifies some of the 
businesses that are allowed to be set up in such zones. The new amendment 
will allow both Indian law and/or accountancy firms to set up a base in SEZs, 
and even foreign law firms can directly advise on international disputes or 
arbitration by setting up a base there.

22. Launched in 2014, the OECD STRI presents an up-to-date snapshot of services regula-
tory regimes in 22 sectors across 44 countries, accounting for over 80 percent of the global 
services trade. For a briefing note on STRI, see http://www.oecd.org/tad/policynotes/STRI%20
trade%20policy%20note.pdf.
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With growing product digitalization, expanding cross-border e-com-
merce as well as growing trade under GVCs, trade restrictiveness in hor-
izontal services can severely limit the competitiveness of manufacturing 
exports. Further, this restrictiveness may also be adversely impacting 
exports of these services from India. There is an urgent need to improve 
the efficiency of these services through policy interventions. Trade agree-
ments have largely ignored these services in an attempt to protect them 
from competition. A pro-active agenda in forging mutual recognition 
agreements (MRAs) in legal, accounting, and financial services in trade 
agreements is needed so as to provide an opportunity to national lawyers, 
accountants and auditors, and other financial service providers to engage 
more in GVCs and provide their services in other countries, which would 
recognize their qualifications.

Distribution services are forming new ways of trading through 
e-commerce. Efficient networks are needed along with comprehensive 
digital industrialization policies to develop domestic e-commerce platforms 
that can compete successfully with the growing marketing giants like 
Amazon and Alibaba. Exports through e-platforms are fast growing in 
importance; however; India faces many constraints in this regards. Forging 
GVCs and e-networks needs special policy interventions and support at 
the national level. Protecting policy space in the WTO to be able to design 
digital policies is extremely important for developing countries. 

This may also require importing advanced services in order to learn 
cutting-edge technologies like remote additive manufacturing services or 
3-D printing. With rapidly changing technologies and associated services, 
India will need to provide a two-pronged policy support: first, substantive 
services support to its manufacturing sector by further liberalizing horizontal 
services, and second, a competitive push to these services through MRAs. 
This support will require India to take some critical policy decisions that, 
on the one hand, will increase competition in horizontal services domesti-
cally but, on the other hand, will also provide an opportunity to domestic 
services providers to link into GVCs and provide services internationally. 
Both manufacturing exports and services exports will be boosted with this 
two-pronged strategy.

5.2. Policy Implications of Findings of Firm-level Analysis

The main point emerging from the firm-level analysis is that services inputs 
make a significant positive contribution to the export performance of Indian 
manufacturing firms, having a favorable impact on both the extensive and 
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intensive margins of exports. Arguably, a more efficient provision of services 
to manufacturing firms would help in raising India’s manufactured exports.

It may be added here that services input use has the potential of raising 
TFP. There is the literature to suggest that services reforms, enabling a more 
efficient supply of services, have a positive effect on manufacturing sector 
productivity. This is the finding of the study of Arnold et al. (2016) on India. 
Similarly, Banga and Goldar (2007) found that services input contributes 
to productivity in Indian manufacturing. The implication of these findings 
is that making improvements in regard to the provision of services input to 
Indian manufacturing would raise TFP, which would in turn lead to better 
export performance.

One possible area for policy action is restrictions on FDI into services. 
According to OECD FDI Regulatory Restrictiveness Index, while the index 
for India in regard to FDI in financial services was 0.279 in 2016, the cor-
responding index value for Brazil was 0.108. The index values for some of 
the other developing countries were: China (0.493), Korea (0.05), Malaysia 
(0.2), the Philippines (0.112), and Vietnam (0.04). Similarly, for business 
services, the index for India was 0.563. For some of the other developing 
countries, the index was: Brazil (0.025), China (0.25), Korea (0.0), and 
Vietnam (0.026). This points to a restrictive regulatory regime on FDI into 
financial and business services in India. Needless to say, opening up the 
domestic market of financial and business services to foreign players has 
the potential of making the markets more competitive. Market liberalization 
is expected to result in efficient and cost-effective provision of such ser-
vices to domestic manufacturing firms, helping them enhance their export 
competitiveness. The argument is basically for creating a more competitive 
environment for the provision of horizontal services in India that can help 
domestic manufacturing firms become more competitive.

References

Aggarwal, Aradhna. 2001. “Liberalisation, Multinational Enterprises and Export 
Performance: Evidence from Indian manufacturing,” Working Paper No. 69, 
New Delhi: Indian Council for Research on International Economic Relations.

Arellano, Manuel and Olympia Bover. 1995. “Another Look at the 
Instrumental Variable Estimation of Error-Components Models,” Journal of 
Econometrics, 68(1): 29–51.

Arellano, Manuel and Stephen Bond. 1991. “Some Tests of Specification for 
Panel Data: Monte Carlo Evidence and an Application to Employment 
Equations,” Review of Economic Studies, 58(2): 277–297.



Bishwanath Goldar et al. 143

Arnold, J.M., B. Javorcik, M. Lipscomb, and A. Matoo. 2016. “Services Reform 
and Manufacturing Performance: Evidence from India,” Economic Journal, 
126(590): 1–39.

Athukorala, P. 2011. “Production Networks and Trade Patterns in East Asia: 
Regionalization or Globalization?” Asian Economic Papers, MIT Press, 10(1): 
65–95.

Banga, Rashmi. 2014. “Linking into Global Value Chains Is Not Sufficient: 
Do You Export Domestic Value Added Contents?” Journal of Economic 
Integration, 29(2): 267–297. 

———. 2016. “Impact of Global Value Chains on Employment in India,” Journal 
of Economic Integration, 31(3): 631–673.

———. 2017. “Rising Product Digitalisation and Losing Trade Competitiveness,” 
Working Paper CWS/WP/200/39, New Delhi: Centre for WTO Studies, Indian 
Institute of Foreign Trade. 

Banga, Rashmi and Bishwanath Goldar. 2007. “Contribution of Services to Output 
Growth and Productivity in Indian Manufacturing,” Economic and Political 
Weekly, 42(26): 2769–2777.

Bas, Maria. 2013. “Does Services Liberalization Affect Manufacturing Firms’ Export 
Performance? Evidence from India,” CEPII Working Paper No. 2013–17, Paris: 
Centre d’Études Prospectives et d’Informations Internationales. 

Baumol, William J., Sue Anne Batey Blackman, and Edward N. Wolff. 1985. 
“Unbalanced Growth Revisited: Asymptotic Stagnancy and New Evidence,” 
American Economic Review, 75(4): 806–817.

Bernard, A.B. and J.B. Jensen. 1999. “Exceptional Exporter Performance: Cause, 
Effect, or Both?,” Journal of International Economics, 47(1): 1–25.

———. 2006. “Trade Costs, Firms and Productivity,” Journal of Monetary 
Economics, 53(5): 917–37.

Bernard, A.B., J.B. Jensen, and R.Z. Lawrence. 1995. “Exporters, Jobs, and Wages 
in U.S. Manufacturing: 1976–1987,” Brookings Papers on Economic Activity: 
Microeconomics, 1995: 67–119.

Berulava, George. 2012. “The Impact of Services Sector on Export Performance of 
Manufacturing Firms in Transition Economies,” Bulletin of the National Academy 
of Sciences, 6(3): 154–62.

Chanda, Rupa. 2017. “Services of Indian Manufacturing,” in S. Mahendra Dev (ed.), 
India Development Report, 2017, pp. 209–223, New Delhi: Oxford University Press.

Chaney, T. 2005. “Liquidity Constrained Exporters,” Mimeo, University of Chicago, 
https://www.economicdynamics.org/meetpapers/2007/paper_979.pdf (accessed 
May 4, 2018).

De Backer, K., I. Desnoyers-James, and L. Moussiegt. 2015. “‘Manufacturing or 
Services – That is (not) the Question’: The Role of Manufacturing and Services 
in OECD Economies,” OECD Science, Technology and Industry Policy Papers 
No. 19, Paris: OECD Publishing.

Fan, Ying. 2011. “Services Policy Reform in the People’s Republic of China: 
Before and After the Global Financial Crisis,” ADBI Working Paper No. 304. 



144 IND IA  POL ICY  FORUM,  2017–18

Tokyo: Asian Development Bank Institute, http://www.adbi.org/workingpa-
per/2011/08/16/4676.services.policy.reform.prc/ (accessed May 4, 2018).

Gereffi, G. and K. Fernandez-Stark. 2010. “The Offshore Services Value Chain: 
Developing Countries and the Crisis,” in O. Cattaneo, G. Gereffi, and C. Staritz 
(eds.), Global Value Chains in a Post-crisis World. A Development Perspective, 
Washington, D.C.: The World Bank.

Goldar, Bishwanath. 2013a. “Determinants of Import Intensity of India’s 
Manufactured Exports Under the New Policy Regime,” Indian Economic Review, 
48(1): 221–237.

———. 2013b. “R&D Intensity and Exports: A Study of Indian Pharmaceutical 
Firms.” Innovation and Development, 3(2): 151–167.

Goldar, Bishwanath and Atsushi, Kato. 2009. “Export Intensity of Indian Industrial 
Firms in the Post-Reform Period,” in S.R. Hashim, K.S. Chalapati Rao, K.V.K. 
Ranganathan, and M.R. Murty (eds.), Indian Industrial Development and 
Globalisation: Essays in Honour of Prof. S.K. Goyal, pp. 471–498. New Delhi: 
Institute for Studies in Industrial Development, New Delhi.

Goldar, Bishwanath, Deb Kusum Das, Sreerupa Sengupta, and Pilu Chandra Das. 
2017. “Domestic Value Addition and Foreign Content: An Analysis of India’s 
Exports from 1995 to 2011,” Working Paper No. 332, New Delhi: Indian Council 
for Research on International Economic Relations. 

Gupta, Neha. 2015. “Estimating Linkages of Indian Manufacturing Industries 
into Global Value Chains using International Input–Output Table,” Review of 
Development and Change, 20(2): 177–202.

Gupta, Apoorva, Ila Patnaik, and Ajay Shah. 2013. “Learning by Exporting: Evidence 
from India,” ADB Working Paper Series on Regional Economic Integration No. 
119, Manila: Asian Development Bank.

Haidar, J.I. 2012. “Trade and Productivity: Self-selection or Learning-by-Exporting 
in India’, Economic Modelling, 29(5): 1766–1773.

Kapoor, Mudit, Priya Ranjan, and Jibonayan Raychaudhuri. 2012. “The Impact of 
Credit Constraints on Exporting Firms: Empirical Evidence from India”, SSRN 
Paper, https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2023068 (accessed 
May 4, 2018).

Kumar, Nagesh and N.S. Siddharthan. 1994. “Technology, Firm Size and Export 
Behaviour in Developing Countries: The Case of Indian Enterprises,” Journal 
of Development Studies, 31(2): 289–309.

Kumarasamy, Durairaj and Prakash Singh. 2017. “The Role of Financial Access and 
Financial Development on Firm’s Exportability: Empirical Evidence from Asia-
Pacific,” Mimeo, New Delhi: ASEAN-India Centre, Research and Information 
System for Developing Countries. 

Lancheros, Sandra and Pelin Demirel. 2012. “Does Finance Play a Role in Exporting 
for Service Firms? Evidence from India,” World Economy, 35(1): 44–60.

Lanz, Rainer and Andreas Maurer. 2015. “Services and Global Value Chains – Some 
Evidence on Servicification of Manufacturing and Services Networks,” WTO 
Working Paper No. ERSD-2015–03, Geneva: Economic Research and Statistics 
Division, World Trade Organization. 



Bishwanath Goldar et al. 145

Levinsohn, James and Amil Petrin. 2003. “Estimating Production Functions Using 
Inputs to Control for Unobservables,” Review of Economic Studies, 70(2): 317–342.

Lodefalk, Magnus. 2012. “The Role of Services for Manufacturing Firms’ Exports,” 
Working Paper, Orebro, Sweden: Department of Economics, Swedish Business 
School.

Low, Patrick and Gloria O. Pasadilla. 2015. Services in Global Value Chains: 
Manufacturing-Related Services, Singapore: Asia-Pacific Economic Cooperation 
(APEC) Policy Support Unit, November.

Manova, K. 2013. “Credit Constraints, Heterogeneous Firms, and International 
Trade,” Review of Economic Studies, 80(2): 711–744.

Marel, Erik van der 2017. “Explaining Export Performance through Inputs: Evidence 
from Aggregate Cross-country Firm-level Data,” Review of Development 
Economics, 21(3): 731–755. 

Melitz, M.J. 2003. “The Impact of Trade on Intra-industry Reallocations and 
Aggregate Industry Productivity,” Econometrica, 71(6): 1695–1725.

Melitz, M.J. and G.I.P. Ottaviano. 2008. “Market Size, Trade and Productivity,” 
Review of Economic Studies, 75(1): 295–316.

Minetti, Raoul and Susan Chun Zhu. 2011. “Credit Constraints and Firm Export: 
Microeconomic Evidence from Italy,” Journal of International Economics, 
83(2011): 109–125.

Miroudot, Sébastien and Charles Cadestin. 2017. “Services in Global Value Chains: 
From Inputs to Value-Creating Activities,” OECD Trade Policy Papers No. 197, 
Paris: OECD Publishing. 

Mukherjee, Sonia. 2015. “The Role of Services in Enhancing Indian Manufacturing 
Exports: A Firm Level Analysis, 2000–01 to 2011–12,” Discussion Paper 
No.15-08, New Delhi: Centre for International Trade and Development, School 
of International Studies, Jawaharlal Nehru University.

Muuls, M. 2008. “Exporters and Credit Constraints. A Firm-level Approach,” 
Working Paper 200809-22, Brussels: National Bank of Belgium. 

Nagaraj, Priya. 2014. “Financial Constraints and Export Participation in India,” 
International Economics, 140(1): 19–35. 

Nordås, H.K. 2010. “Trade in Goods and Services: Two Sides of the Same 
Coin?”, Economic Modelling, 27(2): 496–506.

Nordhaus, W. 2006. “Baumol’s Diseases: A Macroeconomic Perspective,” NBER 
Working Paper No. 12218, Cambridge, MA: National Bureau of Economic 
Research.

OECD. 2016. “Trade in Value Added (TIVA): December 2016,” Paris: Organisation 
for Economic Cooperation and Development, https://stats.oecd.org/index.aspx-
?queryid=75537 (accessed June 26, 2018).

Olley, G.S. and A. Pakes. 1996. “The Dynamics of Productivity in the 
Telecommunications Equipment Industry,” Econometrica, 64(6): 1263–1297.

Padmaja, Mundakkad and Subash Sasidharan. 2015. “Financial Constraints and 
Firm Export Behaviour: Evidence from India.” Paper presented at Finance and 
Economics Conference organized by Lupcon Center for Business Research, 
Frankfurt. 



146 IND IA  POL ICY  FORUM,  2017–18

Padmaja, Mundakkad and Subash Sasidharan. 2017. “Sunk Costs, Firm 
Heterogeneity, Export Market Entry and Exit: Evidence from India,” Journal of 
Quantitative Economics, 15(2): 367–393.

Petrin, A., B.P. Poi, and J. Levinsohn. 2004. “Production Function Estimation 
in Stata Using Inputs to Control for Unobservables,” Stata Journal, 4(2): 
113–123.

Quast, Bastiaan and Victor Kummritz. 2015. “Decompr: Global Value Chain 
Decomposition in R,” CTEI Working Papers Series 01-2015, Geneva: Centre 
for Trade and Economic Integration, The Graduate Institute.

Ranjan, Priya and Jibonayan Raychaudhuri. 2011. “Self-Selection vs. Learning: 
Evidence from Indian Exporting Firms,” Indian Growth and Development 
Review, 4(1): 22–37.

Rijesh, R. 2017. “Trade Liberalization, Import of Capital Goods and Export 
Performance: Evidence from the Organized Manufacturing Sectors in India.” 
Paper presented at the 12th Annual Conference of the Knowledge Forum 
on ‘Changing Paradigms in Technology, Trade and Development’ held at 
Nabakrushna Choudhury Centre for Development Studies, Bhubaneswar, Odisha, 
November 10–12.

Roodman, David. 2009. “How To Do xtabond2: An Introduction to Difference and 
System GMM in Stata,” Stata Journal, 9(1): 86–136.

Tabrizy, S. and N. Trofimenko. 2010. “Scope for Export-Led Growth in a Large 
Emerging Economy: Is India Learning by Exporting?”, Kiel Working Paper No. 
1633, Kiel, Germany: Kiel Institute for the World Economy.

Thomas, Ronny and K. Narayanan. 2016. “Productivity Heterogeneity and Export 
Market Participation: A Study of Indian Manufacturing Firms,” in Filip De Beule 
and K. Narayanan (eds.), Globalization in Indian Industries: Productivity, Exports 
and Investment, pp. 97–120. Singapore: Springer.

Tewari, Meenu, C. Veeramani and Manjeeta Singh. 2015. “The Potential for 
Involving India in Regional Production Networks: Analyzing Networked 
Production and Vertically Specialized Trade Patterns between India and ASEAN,” 
Working Paper No. 292, New Delhi: Indian Council for Research on International 
Economic Relations.

Timmer, Marcel P., Erik Dietzenbacher, Bart Los, Robert Stehrar, and Gaaitzen 
de Vries. 2015. “An Illustrated User Guide to the World Input–Output 
Database: The Case of Global Automotive Production,” Review of International 
Economics 23(3): 575–605.

Verma, Swati. 2015. “Foreign Exchange Use Pattern of Manufacturing Foreign 
Affiliates in the Post-Reform India: Issues and Concerns,” Working Paper No. 
183, New Delhi: Institute for Studies in Industrial Development.

Wagner, J. 2007. “Exports and Productivity: A Survey of the Evidence from Firm-
level Data,” World Economy, 30(1): 60–82.

Wolfmayr, Yvonne. 2012. “Export Performance and Increased Services Content in 
Manufacturing,” National Institute Economic Review, 220(1): R36–R52.



Bishwanath Goldar et al. 147

Appendix-A: Data Sources

A.1. WIOD and TiVA23

The World Input-Output Tables (WIOT) provide continuous time series 
input-output data for 42 countries and the “rest of the world” from the year 
1995 to the year 2014. WIOT is an integration of national input-output tables 
across countries, using bilateral international trade flows. It covers 56 sectors, 
compatible with the two-digit ISIC sectors (Revision 4), and includes an 
extensive coverage of the services sector. As the schematic outline of WIOT 
shows, the inputs used by industry 1 in country 1 are categorized according 
to the industry and the country of origin of inputs (Figure A.1). The total 
intermediate consumption and gross output produced by each industry is 
given in the last rows of each column. 

While the WIOT provides input-output data that can be used to estimate 
forward and backward linkages into GVCs, the TiVA dataset provides 
the actual value of these linkages for the years 1995–2011. The updated 
2016 version of TiVA contains data on 34 industries, including 14 service 
sectors, for 63 economies covering OECD, EU28, G20, most of East and 
Southeast Asian economies, and a selection of South American countries. 
It overcomes the problem of “double counting” by breaking down trade 
flows and providing industry-level value-added data for each country, 
including information on: FVA in gross exports, domestic value added in 
exports of intermediate goods, and services value-added content in exports.

F I G U R E  A . 1 .  Schematic Outline of WIOT 

Source: World Input-Output Dataset.

23. TiVA database is available at: http://www.oecd.org/sti/ind/measuring-trade-in-value-
added.htm. WIOD database is described in Timmer et al. (2015). WIOD data are available 
at: http://www.wiod.org/home. 
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A.2. Firm-level Data

To analyze the export behavior of Indian firms, the study primarily uses the 
Prowess data, compiled from annual reports by CMIE. Prowess provides 
data on listed companies, as well as some unlisted public and private lim-
ited companies. The output of manufacturing companies in Prowess covers 
around 60 percent of India’s manufacturing output. In regards to international 
trade, Prowess covers around 50 percent of Indian exports and nearly 60 
percent of imports (this is for the year 2013–2014). 

We restrict ourselves to manufacturing firms and collect firm-level data 
on identification indicators, sales, output, value added, exports of goods and 
services, import capital goods, import of RM&SS, liquidity and leverage, 
purchase of services, net fixed assets, labor, materials, etc. 

We compile a firm-level panel dataset for 7,338 manufacturing firms for 
the period 2000–01 to 2014–15. As part of data cleaning, we drop obser-
vations with negative values of value added and remove observations with 
real value added to labor or value added to capital ratio in the 1st or 99th per-
centile. We also drop firms belonging to the following two-digit industries; 
NIC 34 (diversified), NIC 35 (electricity), NIC 42 (civil engineering), NIC 
68 (real estate), and NIC 98 (undifferentiated goods). Finally, we include 
only those firms that are reporting data for at least three years in our panel.

Appendix-B: Econometric Studies of Export Performance of  
Indian Firms

A number of econometric studies have been undertaken on export perfor-
mance of Indian manufacturing firms, covering diverse aspects, such as the 
impact of R&D and technology (Kumar and Siddharthan 1994) or the impact 
of firm size on export intensity (Aggarwal 2001; Kumar and Siddharthan 
1994). This literature is briefly reviewed here. The review is selective, and 
only those studies that have relevance to the econometric analysis undertaken 
in Section 3 are covered.

A majority of studies on export performance of Indian manufacturing 
firms done in the last 15 years have focused on the inter-relationship 
between export performance and productivity: how a firm’s entry and 
participation in export markets impact its level of productivity, also known 
in the literature as “learning by exporting.” Econometric evidence in favor 
of this hypothesis in the context of Indian manufacturing firms has been 
found in some studies, for example, Ranjan and Raychaudhuri (2011). 
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But in some other studies, for example, Tabrizy and Trofimenko (2010), 
Haidar (2012) and Gupta et al. (2013), the learning effect of exports has 
not been found.

More relevant to the discussion here is the set of studies that have tried to 
relate exports of manufacturing firms to their level of productivity, which is 
known in the literature as the “self-selection” hypothesis. The self-selection 
hypothesis is essentially based on the idea that there is heterogeneity among 
firms, and it is the more productive firms that self-select themselves into 
export activity. The essential argument underlying the process is that there 
are significant costs of selling in foreign markets,24 and it is the more 
productive firms that can bear such costs. 

The self-selection hypothesis can be traced to Bernard et al. (1995). This 
study by Bernard and associates and a number of other empirical studies 
done subsequently have shown that exporters are more productive than 
non-exporters. The argument that more productive firms self-select them-
selves into export market because export activity involves costs that only 
a more productive firm afford to bear can be traced to Melitz (2003) and 
Bernard et al. (2003). Other important papers in this area include Bernard 
and Jenson (1999, 2006).

Several studies have found evidence in support of the self-selection 
hypothesis in the context of Indian manufacturing firms. This is, for instance, 
indicated by the econometric results obtained in the studies undertaken by 
Tabrizy and Trofimenko (2010), Ranjan and Raychaudhuri (2011), Haidar 
(2012), Gupta et al. (2013), and Thomas and Narayanan (2016). These 
studies have used Prowess data. The period covered in these studies are: 
Haider, 1991 to 2004; Thomas and Narayanan, 1990 to 2009; Ranjan and 
Raychaudhuri, 1990 to 2006; Gupta et al., 1990 to 2011; and Tabrizy and 
Trofimenko, 1998 to 2008. 

Ranjan and Raychaudhuri (2011) have estimated a model in which export 
status is regressed on one-year lagged TFP, and other explanatory variables 
(controls) including lagged export status and lagged capital intensity. They 
find a significant positive effect of TFP on firms’ decision to enter the 
export market. 

Gupta et al. (2013) have estimated a similar model. In the model estimated 
by them to explain firms’ entry into the export market, they take TFP as 
an explanatory variable along with size, wage bill, and ownership. Their 

24. According to Wagner (2007), these costs include the costs of identifying and informing 
potential foreign customers, learning about relevant foreign laws and standards, and forming 
relationships with distributors.
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results show a significant positive effect of firm TFP on its decision to enter 
the export market. 

In the model estimated by Haider (2012) to explain firms’ decision to 
start exporting, the explanatory variables used are TFP, firm size measured 
in sales and capital stock, and unit labor cost. A significant positive effect 
of TFP on the decision to start exporting is found. 

Thomas and Narayanan (2016) have used a model similar to that used 
by Bernard and Jensen (1999). This is similar to the specification used 
by Ranjan and Raychaudhuri (2011). They find that the self-selection 
hypothesis was valid in the 1990s, but not in the 2000s. In the model 
estimated by them using data for the period 2000 to 2009, they do not 
find a significant positive effect of productivity on firms’ decision to 
export their products. 

A favorable effect of productivity and export performance was also found 
by Goldar and Kato (2009). To understand the factors that influence the 
export intensity of manufacturing firms, they carried out an econometric 
analysis using a panel dataset of manufacturing companies belonging to 
eight major industry groups, covering the period 1992–93 to 2001–02. A 
particular issue being investigated is the impact of import competition on 
the export intensity of domestic firms. Their analysis reveals that the level 
of productivity achieved determines how increased import competition will 
impact the export intensity of firms. While increased import competition is 
expected to raise the export intensity of high productivity firms, it may not 
have an effect or may have an adverse effect on the export intensity of low 
productivity firms. This is consistent with the theoretical analysis of Melitz 
and Ottaviano (2008).

In several studies, the impact of financial constraints on the firms’ 
decision to enter the export market has been analyzed for Indian firms. 
The underlying theoretical framework is basically an extension of Melitz 
(2003). The Melitz model assumes that technology is the same for all firms 
and the firms are not financially constrained to meet the cost of entering 
the export market. However, given the condition of financial markets in 
developing countries, firms may face considerable difficulties in raising 
funds for meeting the cost of export market entry. This introduces a dif-
ferent element of heterogeneity among firms, other than heterogeneity 
rooted in productivity. This idea has led to extension of the Melitz model 
by incorporating financial constraints faced by firms as an additional factor 
determining the firms’ decision to enter export markets (Chaney 2005; 
Manova 2013; Muuls 2008).
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Nagaraj (2014) has studied the impact of financial constraint on export 
performance. She has used firm-level data for India for the period 1989 to 
2008. In the model estimated, the exporting status is taken as the depen-
dent variable. The explanatory variables include TFP, firm size, age of 
the firm, and two measures of financial constraint, namely leverage and 
liquidity. From her analysis, Nagaraj finds a strong relationship between 
financial constraint and the firms’ decision to enter the export market—a 
firm facing serious financial constraint would not enter the export market. 
The paper presents evidence to indicate that financial health is the cause 
and not the effect of exports. Another important finding is that financial 
health matters in regard to external margin of exports, that is inducing 
more firms to enter the export market, but it does not have much effect 
on the intensive margin of exports, that is increasing the exports of con-
tinuing exporters.

A similar study done by Padmaja and Sasidharan (2015) using firm-level 
data for India brings out that financial constraints have a significant impact 
on export performance. The impact is found on both internal and external 
margin of exports. 

Another study on the impact of financial constraint based on data on 
Indian firms is Kapoor et al. (2012). The model specification is different 
from that adopted by Nagaraj (2014) and Padmaja and Sasidharan (2015). 
However, the conclusion of the study is basically the same. Kapoor et al. 
find that expansion of subsidized credit for small-scale firms because of 
a policy change led to faster growth in bank borrowings and in growth of 
exports of such firms. This is in conformity with the findings of Nagaraj 
(2014) and Padmaja and Sasidharan (2015). However, Kapoor et al. find 
that when the policy was reversed, there was no impact on growth in bank 
borrowings and exports. 

Another study that merits mention here is Kumarasamy and Singh (2017). 
Firm-level data from the World Bank enterprise survey in respect of 16 
Asia-Pacific countries (covering India as well as other developing coun-
tries) were used for the study. The model estimated is similar to that used 
by Nagaraj (2014) and Padmaja and Sasidharan (2015). Since data on firms 
belonging to different countries are used in the study, financial development 
(at the country level) and access to finance (at the firm level) are used as 
explanatory variables, along with other explanatory variables such as TFP. 
The results of this study indicate that improving firms’ access to finance 
and expanding the reach of the banking sector help in raising exports since 
they make entry into export markets easier.
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Before concluding this section, two papers that have dealt with the effect 
of services inputs on export performance in Indian firms may be briefly 
discussed. Since this study is concerned with the impact of services input 
use on the export performance of Indian manufacturing firms, these studies 
are relevant to the analysis. 

Bas (2013) has considered the impact of reforms of energy, telecommu-
nications, and transports services in India in the mid-1990s and how that 
had impacted the export performance of Indian firms. Firm-level data for 
1994–2004 are used for the analysis. The results of the analysis indicate that 
services reforms had a positive effect on the export performance of firms. 
Also, the gain was more for initially more productive firms. 

Mukherjee (2015) has estimated an export function for Indian firms 
using panel data for the years 2000–01 to 2011–12. The export function 
was estimated separately for different two-digit manufacturing industries. 
The dependent variable is the export intensity of firms, that is the export to 
sales ratio. The explanatory variables include firm size, age, labor produc-
tivity, export intensity lagged by one year, and a variable to measure the 
extent of use of services input. The results indicate that use of services had 
a significant positive effect on export intensity.

Appendix-C: Services Foreign Value-added Content in Exports of 
Manufactures of Selected Industries

T A B L E  C . 1 .  Services Foreign Value Added in Exports of Manufactures of 
Computer, Electronic and Optical Products (in %)

Source_Industry India China Indonesia Brazil Russia

Wholesale trade, except of motor vehicles and 
motorcycles

3.6 4.8 10.0 5.5 4.6

Land transport and transport via pipelines 1.3 1.5 3.3 1.6 2.1
Financial service activities, except insurance 
and pension funding

1.9 2.2 5.2 2.9 1.9

Electricity, gas, steam, and air conditioning 
supply

1.7 1.9 3.9 1.7 1.9

Legal and accounting activities; activities 
of head offices; management consultancy 
activities

1.2 1.6 2.8 1.6 1.6

Administrative and support service activities 0.8 1.2 1.7 2.2 1.5
Retail trade, except of motor vehicles and 
motorcycles

1.0 1.7 2.8 2.1 1.3

Real estate activities 0.7 0.8 1.7 1.1 1.1
Warehousing and support activities for 
transportation

0.5 0.7 1.3 0.8 1.0
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Source_Industry India China Indonesia Brazil Russia
Crop and animal production, hunting, and 
related service activities

0.7 1.7 0.8 0.9

Construction 0.4 0.5 0.9 0.4 0.7
Wholesale and retail trade, and repair of motor 
vehicles and motorcycles

0.2 0.3 0.6 0.3 0.6

Computer programming, consultancy, and 
related activities; information service 
activities

0.5 0.7 1.3 0.7 0.6

Telecommunications 0.6 0.5 1.0 0.5 0.5
Printing and reproduction of recorded media 0.1 0.2 0.4 0.2 0.5
Architectural and engineering activities; 
technical testing and analysis

1.0 0.3 0.5 0.7 0.5

Sewerage; waste collection, treatment 
and disposal activities; materials recovery; 
remediation activities and other waste 
management services

0.2 0.2 0.4 0.2 0.4

Other service activities 0.4 0.5 1.0 0.5 0.4
Public administration and defence; compulsory 
social security

0.3 0.3 0.6 0.3 0.4

Other professional, scientific, and technical 
activities; veterinary activities

0.4 0.6 1.3 0.6 0.4

Accommodation and food service activities 0.4 0.5 1.2 0.7 0.4
Water transport 0.3 0.3 0.8 0.3 0.3
Repair and installation of machinery and 
equipment

0.1 0.1 0.2 0.2 0.3

Forestry and logging 0.2 0.3 0.3 0.2 0.2
Insurance, reinsurance, and pension funding, 
except compulsory social security

0.2 0.2 0.4 0.2 0.2

Advertising and market research 0.1 0.1 0.2 0.1 0.2
Education 0.2 0.1 0.3 0.2 0.2
Fishing and aquaculture 0.0 0.0 0.1 0.1 0.2
Activities auxiliary to financial services and 
insurance activities

0.1 0.2 0.2 0.2 0.2

Scientific research and development 0.2 0.4 0.6 0.4 0.2
Postal and courier activities 0.1 0.1 0.2 0.1 0.2
Publishing activities 0.1 0.2 0.3 0.2 0.1
Air transport 0.3 0.5 0.4 0.3 0.1
Water collection, treatment and supply 0.1 0.1 0.3 0.1 0.1
Motion picture, video and television 
programme production, sound recording and 
music publishing activities; programming and 
broadcasting activities

0.1 0.2 0.3 0.2 0.1

Human health and social work activities 0.1 0.1 0.2 0.1 0.1
Activities of households as employers; 
undifferentiated goods- and services-producing 
activities of households for own use

0.0 0.0 0.0 0.0 0.0

Activities of extraterritorial organizations and 
bodies

0.0 0.0 0.0 0.0

Source: Authors’ estimations based on WIOD.
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T A B L E  C . 2  Services Foreign Value-added Content in Exports of 
Manufactures of Textiles, Wearing Apparel and Leather Products (in %)

Source_Industry India China Indonesia Brazil Russia

Wholesale trade, except of motor vehicles and 
motorcycles

2.2 3.0 9.1 1.3 5.0

Crop and animal production, hunting, and related 
service activities

4.6 9.0 1.2 4.2

Land transport and transport via pipelines 0.9 1.4 3.3 0.5 2.1
Retail trade, except of motor vehicles and 
motorcycles

0.6 1.1 3.5 0.4 1.9

Financial service activities, except insurance and 
pension funding

1.2 1.5 4.1 0.7 1.7

Electricity, gas, steam, and air conditioning supply 1.3 1.5 4.0 0.5 1.4
Legal and accounting activities; activities of head 
offices; management consultancy activities

0.8 1.6 2.1 0.4 1.1

Real estate activities 0.4 0.6 1.8 0.3 1.0
Administrative and support service activities 0.5 0.9 1.5 0.6 0.9
Warehousing and support activities for 
transportation

0.4 0.5 1.3 0.2 0.8

Wholesale and retail trade, and repair of motor 
vehicles and motorcycles

0.1 0.3 0.5 0.1 0.5

Other professional, scientific, and technical 
activities; veterinary activities

0.2 0.3 0.8 0.1 0.5

Telecommunications 0.2 0.3 0.7 0.1 0.4
Construction 0.3 0.4 0.7 0.1 0.4
Other service activities 0.2 0.4 0.9 0.1 0.4
Computer programming, consultancy, and related 
activities; information service activities

0.3 0.4 0.7 0.1 0.3

Accommodation and food service activities 0.2 0.4 1.1 0.2 0.3
Water transport 0.2 0.3 0.6 0.1 0.3
Printing and reproduction of recorded media 0.1 0.1 0.3 0.0 0.3
Architectural and engineering activities; technical 
testing and analysis

0.8 0.2 0.4 0.2 0.2

Public administration and defence; compulsory 
social security

0.2 0.3 0.5 0.1 0.2

Insurance, reinsurance, and pension funding, except 
compulsory social security

0.2 0.2 0.4 0.1 0.2

Fishing and aquaculture 0.0 0.1 0.2 0.0 0.2
Sewerage; waste collection, treatment 
and disposal activities; materials recovery; 
remediation activities and other waste 
management services

0.1 0.2 0.4 0.1 0.2

Forestry and logging 0.2 0.5 0.4 0.1 0.1
Activities auxiliary to financial services and 
insurance activities

0.1 0.1 0.3 0.0 0.1

Advertising and market research 0.0 0.1 0.2 0.0 0.1
Education 0.2 0.1 0.2 0.0 0.1
Air transport 0.1 0.4 0.3 0.1 0.1
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Source_Industry India China Indonesia Brazil Russia
Postal and courier activities 0.1 0.1 0.2 0.0 0.1
Water collection, treatment, and supply 0.1 0.1 0.3 0.0 0.1
Repair and installation of machinery and equipment 0.0 0.1 0.1 0.1 0.1
Scientific research and development 0.1 0.1 0.2 0.0 0.1
Publishing activities 0.1 0.1 0.3 0.0 0.1
Motion picture, video and television programme 
production, sound recording, and music publishing 
activities; programming and broadcasting activities

0.1 0.1 0.3 0.0 0.1

Human health and social work activities 0.0 0.1 0.2 0.0 0.1
Activities of households as employers; 
undifferentiated goods- and services-producing 
activities of households for own use

0.0 0.0 0.0 0.0 0.0

Activities of extraterritorial organizations and 
bodies

0.0 0.0 0.0 0.0

Source: Authors’ estimations based on WIOD.

T A B L E  C . 3 .  Services Foreign Value-Added in Exports of Manufactures of 
Food Products, Beverages, and Tobacco Products (%)

Source_Industry India China Indonesia Brazil Russia

Crop and animal production, hunting, and related 
service activities 0.1 8.5 2.8 4.4
Wholesale trade, except of motor vehicles and 
motorcycles 2.1 2.0 2.1 1.6 2.5
Fishing and aquaculture 0.3 0.2 0.3 0.1 2.0
Land transport and transport via pipelines 0.9 1.1 0.9 0.7 1.3
Financial service activities, except insurance and 
pension funding 1.1 1.1 1.1 1.0 0.9
Retail trade, except of motor vehicles and 
motorcycles 0.8 0.8 0.8 0.5 0.9
Electricity, gas, steam, and air conditioning 
supply 1.1 1.0 1.1 0.8 0.8
Legal and accounting activities; activities of head 
offices; management consultancy activities 0.7 1.4 0.7 0.7 0.8
Administrative and support service activities 0.5 0.8 0.5 1.5 0.7
Warehousing and support activities for 
transportation 0.5 0.4 0.5 0.4 0.6
Real estate activities 0.4 0.5 0.4 0.4 0.5
Construction 0.3 0.3 0.3 0.2 0.4
Printing and reproduction of recorded media 0.1 0.1 0.1 0.1 0.4
Wholesale and retail trade, and repair of motor 
vehicles and motorcycles 0.2 0.2 0.2 0.1 0.3
Telecommunications 0.2 0.2 0.2 0.2 0.3
Computer programming, consultancy, and related 
activities; information service activities 0.3 0.3 0.3 0.3 0.3

(Table C.3 Continued)
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Source_Industry India China Indonesia Brazil Russia
Public administration and defence; compulsory 
social security 0.2 0.3 0.2 0.2 0.2
Other professional, scientific, and technical 
activities; veterinary activities 0.1 0.2 0.1 0.1 0.2
Other service activities 0.2 0.3 0.2 0.2 0.2
Architectural and engineering activities; technical 
testing and analysis 0.7 0.2 0.7 0.4 0.2
Accommodation and food service activities 0.2 0.4 0.2 0.3 0.2
Water transport 0.3 0.2 0.3 0.1 0.2
Forestry and logging 0.3 0.4 0.3 0.2 0.2
Sewerage; waste collection, treatment 
and disposal activities; materials recovery; 
remediation activities and other waste 
management services 0.1 0.1 0.1 0.1 0.2
Repair and installation of machinery and 
equipment 0.0 0.0 0.0 0.2 0.1
Insurance, reinsurance, and pension funding, 
except compulsory social security 0.1 0.2 0.1 0.1 0.1
Advertising and market research 0.0 0.1 0.0 0.1 0.1
Education 0.1 0.1 0.1 0.1 0.1
Activities auxiliary to financial services and 
insurance activities 0.1 0.1 0.1 0.1 0.1
Air transport 0.1 0.3 0.1 0.1 0.1
Postal and courier activities 0.1 0.1 0.1 0.1 0.1
Publishing activities 0.1 0.1 0.1 0.1 0.1
Scientific research and development 0.1 0.1 0.1 0.1 0.1
Motion picture, video and television programme 
production, sound recording, and music publishing 
activities; programming and broadcasting 
activities 0.1 0.1 0.1 0.1 0.1
Water collection, treatment and supply 0.1 0.1 0.1 0.0 0.1
Human health and social work activities 0.0 0.0 0.0 0.0 0.0
Activities of households as employers; 
undifferentiated goods- and services-producing 
activities of households for own use 0.0 0.0 0.0 0.0 0.0
Activities of extraterritorial organizations and 
bodies 0.0 0.0 0.0 0.0

Source: Authors’ estimations based on WIOD.

In food, beverages and tobacco products, which are generally identified 
as the least servicified industry, India does not seem to have lower hori-
zontal services but has lower vertical services, or services related to crop 
and animal production, hunting, and related service activities (Table C.3). 
As compared to other horizontal services, legal services is the only service 
where the FVA in exports appears to be lower than that in China.

(Table C.3 Continued)
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T A B L E  C . 4 .  Exports of Legal and Accounting Activities, Activities of Head 
Offices, and Management Consultancy Activities (in US$ million)

India Brazil China Indonesia

2000 119 1,097 8,026 66
2001 110 771 8,739 63
2002 122 544 11,386 101
2003 156 521 13,625 140
2004 271 650 17,780 151
2005 341 1,242 22,974 170
2006 395 1,883 31,546 326
2007 625 2,747 45,580 540
2008 632 4,149 56,823 845
2009 454 3,260 51,345 962
2010 711 3,767 56,706 2,269
2011 819 4,292 64,905 2,990
2012 701 4,477 63,220 3,078
2013 587 4,165 58,889 2,267
2014 570 3,993 63,777 1,720

Source: Authors’ computations using National Input-Output Tables from WIOD.

Appendix-D: Additional Model Results, Firm-level Analysis of 
Export Performance

T A B L E  D . 1 .  Model Estimation, Checking Specification for Services Input 
Variables

Variables Model1 Model2 Model3 Model4

L.export intensity 0.468*** 0.464*** 0.458*** 0.453***
(0.0637) (0.0644) (0.0651) (0.0662)

L2.export intensity 0.0743*** 0.0752*** 0.0731*** 0.0722***
(0.0261) (0.0256) (0.0257) (0.0259)

Log(age) –1.413*** –1.270*** –1.573*** –1.586***
(0.368) (0.334) (0.375) (0.377)

log_totalassets 0.482** 0.328** 0.184 0.179
(0.195) (0.163) (0.171) (0.171)

L.log(tfp_lp) 2.100** 1.410* 2.009** 2.045**
(0.868) (0.792) (0.874) (0.878)

L.log(service_ intensity) 2.396*** 2.172*** 3.395***
(0.478) (0.453) (0.764)

L.Log(sh_imported services in 
total services)

0.270*** 0.258*** 0.0269

(0.0541) (0.0528) (0.0624)
L.log(SI)#L.log(IMPS inten.) 0.104***

(0.0349)
Constant 0 0 0 14.60***

(0) (0) (0) (3.889)
(Table D.1 Continued)
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Variables Model1 Model2 Model3 Model4
Number of instruments
AR(1)
AR(2)
Hansen p val.
Industry fixed effects
Time fixed effects

25
0.000
0.392
0.66

no
yes

25
0.000
0.40
0.76

no
yes

26
0.000
0.431
0.72

no
yes

27
0.000
0.470
0.72

no
yes

Observations 24,440 24,440 24,440 24,440
Number of firms 4,602 4,602 4,602 4,602

Source: Authors’ computations.
Note: Dependent variable is export intensity. Standard errors in parentheses ***p < 0.01, **p < 0.05, 
*p < 0.1.
log(S_int) = log of share of services in sales. log(IMPS_int) = log of share of imported services in total services. 
log(share_imported_rmss) = log of share of imported raw material and stores and spares in sales. 

T A B L E  D . 2 .  Tobit Model Results with Left Censoring

Variables
(1)

Model1
(2)

Model2
(3)

Model3

L1.Export intensity 0.874*** 0.720*** 0.707***
(0.00847) (0.0101) (0.00943)

L2.Export intensity 0.215*** 0.223***
(0.00926) (0.00860)

L.Log(tfp_lp) 1.148*** 1.026*** 0.856***
(0.132) (0.133) (0.129)

L.Log(service inten.) 3.154*** 2.778*** 2.407***
(0.219) (0.213) (0.204)

L.log(SI)#L.log(IMPS inten.) 0.0806*** 0.0758*** 0.0583***
(0.00641) (0.00645) (0.00635)

L.log(Import. RMSS inten.) 0.238*** 0.237*** 0.190***
(0.0135) (0.0133) (0.0138)

L.log(Leverage) 0.0949 0.0993
(0.0640) (0.0636)

L.log(Total Assets) 1.027***
(0.0947)

L.Log(imp. Capitalgoods inten.) 0.104***
(0.0160)

Constant –4.479*** –4.166*** –6.374***
(0.660) (0.669) (0.682)

Rho
Prob>=chibar2
Left censored observations
Uncensored observations

0.309
0.000

10189
13621

0.251
0.000

8237
11937

0.275
0.000

10689
13881

Total Observations 23,810 20,174 24,570
Number of firms 4,469 4,137 4,649

Source: Authors’ computations.
Note: Dependent variable is export intensity. Standard errors in parentheses ***p < 0.01, **p < 0.05, *p
<0.1. log(S_int) = log of share of services in sales. log(IMPS_int) = log of share of imported services in total 
services. log(share_imported_rmss) = log of share of imported raw material and stores and spares in sales. 

(Table D.1 Continued)
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T A B L E  D . 3 .  Model Estimates Explaining Export Intensity of Firms

Variables Model1 Model2 Model3

L.exportintensity1 0.476*** 0.461*** 0.516***
(0.0717) (0.0782) (0.0747)

L2.exportintensity1 0.0767** 0.0627* 0.0676**
(0.0361) (0.0335) (0.0340)

Log(age) –1.962*** –1.806*** –1.187**
(0.577) (0.550) (0.485)

L.log(tfp_lp) 2.156** 1.603* 1.654*
(1.040) (0.948) (0.918)

Log(total assets)
L.log(S_int) 3.275*** 3.602*** 2.734***

(0.776) (0.789) (0.762)
L.log(S int.) #L.log(IMPS_int) 0.0990*** 0.111*** 0.0801***

(0.0262) (0.0276) (0.0243)
L.log(R&D intensity) 0.0396 0.00870 0.0623

(0.102) (0.104) (0.0971)
L.log(share_imported_RMSS) 0.0727** 0.0951** 0.0779**

(0.0367) (0.0402) (0.0330)
Log(K/L)
L.log(Sh. imp.cap.goods.) 0.0600** 0.0573** 0.0223

(0.0254) (0.0278) (0.0232)
Log(Liquidity) 0.127 0.388*

(0.184) (0.222)
Log(debt/equity ratio) –0.120

(0.425)
Log(leverage) –0.856*

(0.462)
Constant 0 0 0

(0) (0) (0)
Time fixed effects
Industry fixed effects

yes
no

Yes
no

Yes
yes

Observations 19,842 18,258 20,213
Number of firms
No. of instruments
AR(1)
AR(2)
Hansen p-val

4,087
31

0.000
0.665
0.418

3,871
35

0.001
0.469

0.59

4,122
55

0.000
0.370
0.075

Source: Authors’ computations.
Note: Standard errors in parentheses; ***p < 0.01, **p < 0.05, * p <0.1. log(S_int) = log of share of 
services in sales. log(IMPS_int) = log of share of imported services in total services. log(share_imported_
rmss) = log of share of imported raw material and stores and spares in sales. L.log(S_intn)#L.log(IMPS_
intn.) is interaction of services input intensity and imported services intensity. Since all the year dummies 
have been kept in the estimated model by the STATA software used, the constant term has been removed. 

Appendix-E: Imported Services Input Intensity in Firm-level Analysis

While Prowess provides data for expenditure on various services procured 
domestically, such data on imports of services are not available. An estimate 
of imports of services by manufacturing firms has therefore been made 
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by considering the Prowess data provided under the head “other foreign 
exchange payments (including services).” This includes payments on vari-
ous expense heads such as services received, reimbursement of expenses, 
rent, management fees, services shared, inter-corporate deposits repaid, 
processing and other charges, employee welfare expenses, technical ser-
vices, payments on behalf of related parties, marketing expenses, loan given, 
expenses recharged by other companies, payment of service fee and com-
mission, purchase of services, legal and professional expenses, discounting 
charges, etc. (see Verma 2015). Though there are miscellaneous items under 
the above-mentioned head, services imports do get covered and are likely 
to form a substantial portion. Accordingly, this variable has been taken as 
a measure of services imports. This has been divided by the total services 
purchased to form services import intensity.

The mean value of services import intensity, that is the share of 
imported services in total services purchased is found to be only 1.24 
percent. In a significant portion of the cases (58 percent in the sample), 
the imported services intensity variable takes a value of zero (in most of 
these cases the data under the relevant head is missing and has therefore 
been taken to be zero). Thus, it appears from the data that in a majority of 
manufacturing firms, there is no direct import of services. By contrast, a 
majority of firms report that they are importing raw materials, stores and 
spares. The share of imported raw materials, stores and spares out of total 
purchase of RM&SS among manufacturing firms in the sample is about 
14 percent. This divergence between the import share in materials and 
the import share in services appears to be a sign of certain restrictions on 
imports of services, which tends to keep imports of services by manufac-
turing firms at nil or low levels.

Certain limitations of the measure of imported services intensity need 
to be recognized. One of the limitations is that the measure is based on 
expenditure in foreign exchange, and therefore purchase of services from 
foreign players providing services in the Indian market through commercial 
presence is not included. The inability to capture services provided by for-
eign firms in India is no doubt a limitation of the measure used, but since 
FDI is restricted in many of the services, the measure of imported services 
variable used for the analysis may not have missed much.

Another limitation of the measure of imported services intensity is that it 
does not take into account the services embodied in imported intermediate 
materials used for production activity. From the Prowess data, it is not pos-
sible to measure the services content in imported goods, and this, therefore, 
remains a limitation of the measure of imported service intensity used for 
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the analysis. It should be pointed out, however, that services embodied in 
imported goods are generally not horizontal services like legal and accoun-
tancy services, which are the main focus of this study.

An interesting issue that may be raised in this context is that outward 
FDI (OFDI) done by Indian firms may have a bearing on the extent and 
nature of imported services purchased by such firms. There is a possibility 
that an Indian firm that has made substantial investments abroad may use 
its affiliate(s) to buy the foreign services it requires, and these expendi-
tures therefore do not show up in the accounts of the Indian firm. It is not 
known how large this phenomenon is, but the resultant undercounting of 
expenditure on imported services definitely cannot be ruled out. A correc-
tion for services purchased through affiliates is difficult to make from the 
data available in Prowess and has therefore not been attempted. Hence, 
the measure of imported services used for the analysis does not take into 
account the indirect imports of services done by OFDI firms through their 
foreign affiliates. 

A question that presents itself here is whether the above-mentioned defi-
ciency of the measure of services import intensity caused by OFDI makes 
a difference to the estimates of the econometric model of export intensity. 
This issue has been examined in Appendix-F where an analysis of export 
intensity is carried out for firms belonging to network industries. Estimation 
of Model-A, which explains export intensity, has been done first by taking 
all firms belonging to network industries and then by dropping from the 
sample the firms with significant OFDI. A comparison of the two sets of 
results helps in assessing if exclusion of OFDI firms makes a big difference 
to results. The two sets of results are found to be similar, which suggests 
that the deficiency noted above is perhaps not a serious one.

Appendix-F: Econometric Analysis of Firm Export Intensity in 
Network Product Industries

To validate the findings that emerge from the model results presented in 
Table 8, the same model has been estimated for a particular subgroup of 
industries, namely the network product industries. The results are reported 
in Table F.1. 

Network products may be defined as those products in which network 
trade is heavily concentrated; these generally do not contain any end-
products that are produced from start to finish in a given country (Athukorala 
2011; Tewari et al. 2015). Network products include parts and components 
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as well as assembled end-products.25 Given the high level of network trade 
in network product industries, and the relatively greater presence of GVCs 
in such industries, it would be interesting to find out whether the model 
results for network industries are similar to those reported in Table 8, which 
covers all manufacturing industries, especially in respect of the services 
input variable and the imported services input variable. The estimates of 
Model-A are for network product industries.

From Table F.1, it is seen that lagged export intensity is an important 
determinant of export intensity of the current year. The services input related 
variables have positive and statistically significant coefficients. These results 
match the results reported in Table 8.

The model results shown in the last three columns of the table have been 
obtained after dropping the firms with outward FDI. The reason for mak-
ing model estimates after removing OFDI firms is given in Appendix-E. 
Comparing the two sets of results (Models 1–4) and (Models 5–7), it is 
found that these are quite similar. 

Two important points may be noted regarding the model results for 
network product industries. First, imported RM&SS is not found to be a 
significant factor for explaining export intensity in network product industries 
(e.g., electronic products). The explanation probably lies in the fact that a 
large portion of imports of RM&SS in network product industries takes place 
mainly to serve the domestic markets in India (see Tewari et al. 2015).26

Second, the coefficient of TFP is found to be positive but it is not statisti-
cally significant in explaining exports. In this regard, the results reported in 
Table F.1 are different from those in Table 8. Why relatively high productiv-
ity firms in network product industries do not have relatively higher export 
intensity as compared to low productivity firms is an interesting question. 
Perhaps, a sizeable portion of the firms with high productivity are foreign 
firms operating in India primarily with the object of serving the domestic 
market in India. This matter needs further investigation.

25. Athukorala (2011) has identified the following product categories as being part of 
network product industries: office machines and automatic data processing machines (SITC 
75), telecommunication and sound recording equipment (SITC 76), electrical machinery 
(SITC 77), road vehicles (SITC 78), professional and scientific equipment (SITC 87), and 
photographic apparatus (SITC 88). For this study, four two-digit industries among these 
industries have been treated as being part of the network product industries group [see Note 
(1) below Table F.1].

26. Tewari et al. (2015, p. 17) note that while the share of parts and components in India’s 
imports has increased significantly, the share of final assembled products in India’s exports 
has stagnated, based on which they infer that assembly activities in manufacturing in India 
are oriented towards the domestic market in India rather than the exports market. 
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Comments and Discussion*

Kenneth Kletzer 
University of California, Santa Cruz

I am standing in for Poonam Gupta, whose flight was canceled. My discus-
sion will be framed around Poonam’s slides and notes, though I will mix 
my own comments with Poonam’s. I found this paper to be very interesting, 
relevant, and provocative. I have some points of confusion, and I would like 
to raise those as I go along. 

I will begin with some background on the growth in services and their 
contribution to GDP growth. The first is that services comprise an increasing 
share of GDP around the world. The importance of services in production 
and consumption is rising. This is true for countries at all levels of income 
per capita. Barry Eichengreen and Poonam Gupta analyzed these trends in a 
pair of papers in 2011 and 2013 (Eichengreen and Gupta 2011, 2013). (One 
of these papers is specific to India and it was presented at the IPF in 2011.) 
Services production, consumption, and trade are of increasing importance 
for India. 

A second observation is that growth in services is correlated with positive 
development outcomes. In the past, poverty reduction, employment creation, 
and productivity increases were largely attributed to productivity growth 
in agriculture and manufacturing. As Poonam’s slide notes, Datt, Murgai, 
and Ravallion (2016) show that growth in services contributes similarly to 
productivity growth in other sectors in India. 

A third point is that services play an increasing role in value chains. This 
is a consequence of the rising tradability of services in the global economy. 
This applies to both domestic and global value chains. The paper focuses on 
global value chains and emphasizes the importance of services as inputs to 
production for export in India. This contrasts with the typical emphasis on 
the export of services by India. Imported and local services also contribute 
to the production of import competing goods, and home-produced services 
also enter the global value chain. 

* To preserve the sense of the discussions at the India Policy Forum, these discussants’ 
comments reflect the views expressed at the IPF and do not necessarily take into account 
revisions to the conference version of the paper in response to these and other comments in 
preparing the final, revised version published in this volume. The original conference version 
of the paper is available on www.ncaer.org. 
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Fourth, productivity growth in the manufacturing and service sectors 
are interrelated. The post-liberalization expansion of services was closely 
associated with productivity increases in manufacturing (e.g., Arnold, 
Javorcik, Libscomb, and Mattoo 2016), and in the liberalization of manu-
facturing contributed to productivity growth in the services sector (Dehejia 
and Panagariya 2016). The evidence suggests that manufacturing imports 
help raise productivity in the production of services, and imported services 
increase domestic manufacturing productivity.

Poonam notes that there are three stylized facts that are probably useful 
in talking about global value chains in services. The first is the increasing 
use of services in the production and export of manufacturing goods. This 
includes the increasing use of imported services in domestic production, and 
the expanding use of services as tradable intermediate goods. The intensity 
of services, however, differs across industries and across countries. Some 
industries use services more intensively; some countries use services more 
heavily. This variation in the importance of global value chain linkages 
across industries and countries is a central theme in the paper. Global value 
chains concern the disaggregation of the production process. Although it 
may be easiest to think of this vertically, we need to remember product 
differentiation in intermediate goods, and its relationship to comparative 
advantage and returns to scale. The services used more intensively in global 
value chains are distribution and business services. 

Turning to the paper, its thesis can be given in four key points. The first is 
that the intensity of the use of imported services is correlated with the export-
ability of firms, and firm exportability is correlated with factor productivity. 
Let me state this a little differently as the intensity of imported services, as 
well as the intensity of the use of such services, is positively related to firm 
productivity. The empirical trade literature shows us that more productive 
firms export, and that higher firm-level productivity increases the likelihood 
that a firm exports. However, the causal relationship between the intensity 
of imported services use and firm entry into exporting is not clear. 

The second part is that Indian firms do not currently use imported services 
as intensively as other emerging market economies. One thing I noticed 
looking at Table 1 is that some of the countries compared to India actually 
experienced decreases in the percentage of value added in manufacturing 
exports due to imported services. Although the level of value added by imports 
of services is lower for India than several other Asian economies, this share 
has been increasing over time for India. The differences in trends for import 
shares in value added may be more informative than differences in levels for 
understanding the relationship between service imports and export shares. 
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In Table 2, there are four highlighted Indian sectors in manufacturing that 
use imported services less intensively than in China (there are actually six 
sectors, but two are just barely less). But there are 11 sectors in which India 
uses services more intensively. I think the text needs to refer more clearly 
to the tables and needs to make a more nuanced case that Indian exporters 
are using services less intensively than the comparison economies. 

Poonam’s third point provides the authors’ main argument. This is that 
Indian manufacturing firms need to import more services to succeed as 
exporters. In order to claim this, we need to see evidence that barriers to 
importing services inhibit the export intensity of the Indian manufacturing 
sector. Services are an important part of India’s exports. So, it is quite pos-
sible that a low share of imported services in value added in exports does 
not indicate a low share of value added from tradable services. The tradable 
services may just be produced at home. 

In the presentation, Rashmi Banga emphasized that India is at a disad-
vantage producing certain services, such as legal services, that are essential 
to entering export markets and increasing export volumes. This brings us 
to the paper’s fourth argument: reducing barriers to service imports could 
promote exports and firm entry into exporting. 

My first comment is whether it is the use of services, or the use of 
imported services, that matters most. Even if we are convinced that Indian 
firms use imported services less intensively, could this be due to the higher 
productivity of Indian service firms? If the domestic service sector is more 
productive in India, we should observe lower service imports and more 
intensive use of home services. India has established itself as a successful 
exporter of services, and this could well reflect India having a competitive 
advantage as a producer of service inputs into tradable goods production. 
Thus, there may not be large unexploited advantages in importing services. 

Among imported services, what matters more: services imported through 
the presence of foreign direct investment or imported directly? The discus-
sion at the end of the paper on policy implications argues that barriers to FDI 
in the service sector may be important. But there is very little in the paper 
comparing FDI in services and direct imports of services. 

It would be pertinent to consider domestic services use and imported 
services use separately, rather than just use total services, imported services, 
and their interaction. In a sense this is in the paper—some of the analysis 
in the Appendix includes both service intensity and share of imports in ser-
vices. However, the probit regressions on entry into exporting at the firm 
level reported in Table 9 include only total service intensity and its interac-
tion with the import share of service intensity. I find it harder to interpret a 
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coefficient on the interaction term than one on the share of imported services 
in total services. In the regression in the Appendix, the share of imported 
services has a significant positive effect on the firm’s propensity to export. 

One of Poonam’s slides shows that it is difficult to measure domestic 
versus foreign services value added, particularly the way it is derived in the 
paper. I would like to see more in the paper detailing how these are broken 
down in the Prowess dataset, and a clear explanation of how imported ser-
vices, foreign services value added, and domestic services value added are 
calculated. Adding some robustness tests would be helpful. 

My second comment concerns whether the core question is about produc-
tivity or about exportability. The paper shows us that a firm is more likely 
to enter into exporting if it is more productive, the services value added is 
higher, and if the share of imported services interacted with services inten-
sity is greater. The contribution of services imports to export expansion is 
interesting, but firm productivity is the primary determinant of exporting at 
both the extensive and intensive margins. If imported and domestic service 
inputs raise firm productivity, then the contribution of services to trade can 
include these indirect effects. This could be directly analyzed using the same 
data. From a policy perspective, what matters more may be TFP growth, 
and whether a firm exports or not is of secondary importance.

The last comment is that the paper’s policy recommendations should be 
more specific. Which services are more important as intermediate inputs in 
production and exporting, and which of these need to be liberalized more? 
How important is liberalization of FDI in specific services? What is the role 
of liberalizing service imports, including domestic pro-competitive effects? 
A more detailed explanation of the case for liberalizing imports and domestic 
service provision would be very helpful. 

In sum, this paper addresses an interesting and relevant issue, but the 
exposition could be strengthened some. The regression results deserve to be 
interpreted a bit more, and separating domestic and imported services value 
added can be helpful. The results suggest that barriers to inward services trade 
matter, but the contribution of domestic services and the difference between 
FDI and direct imports of services should be drawn out more. The rationale for 
only looking at how services imports affect export entry and intensity could 
benefit from elaboration. Relating this to the direct contribution of services to 
TFP at the firm level may help clarify the role of trade in services for produc-
tion and trade. In addition to adding specificity to the policy discussion, I think 
the case that India is using imported services less intensively needs to be more 
granular, using the data presented in the tables. The variation across sectors 
and types of services ought to inform the policy implications of the analysis. 
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My comments overlap with Ken Kletzer’s. I recommend the paper to you. 
Global value chains are important, and by combining aggregate cross-country 
data with some firm-level analysis, the paper illuminates some big facts.

What are the points the paper makes? India’s manufacturing exports tend 
to have a lower service intensity, India’s export strengths are not in service-
intensive sectors, and imported services intensity leads to greater exports at 
both the extensive and intensive margins. A couple of suggestions to start 
with. First, the paper operates at a level of generality that is hard to fully 
understand. I found myself grasping for an example of what these services 
are, and how they are being used in manufactured goods. Services such as 
business consulting, legal services, and accounting have little to do with 
manufacturing exports. But there are other things, like market intelligence 
or distribution, which would seem to be very much about exports. So the 
paper needs a fully articulated example of what the authors have in mind 
when talking about services. 

Second, when we go through a fully articulated example, it should 
become clear that the implied choices for services in manufacturing are not 
clear. There are at least two operative choices. One can use either imported 
or domestic services in manufacturing. It is also possible to import goods 
with less or more services embedded in them. That is an additional margin 
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that would not show up as an imported service. Take two different types of 
importers: one imports lots of raw materials and separately imports services, 
while another imports an intermediate product that is close to the final prod-
uct and that has a lot of services embedded in it. So a service import is really 
something that can be imported as a service, but it can also be embedded 
in another product. This would all be a little clearer if one goes deeper into 
these services and first understands what they are.

Third, there is a lot of talk about the servicification of manufacturing. It 
was not entirely obvious to me what the authors had in mind here—perhaps 
things such as legal services, accounting or financial services, and risk 
management—or why their use had gone up over time. When I think of 
servicification of manufacturing, I think of manufactured goods that are 
now being classified as services. An example would be the Rolls-Royce 
aircraft engines, which are no longer being exported or imported but are 
being provided as services via service contracts. 

The authors stress that India is lagging in the service intensity of its 
exports. That conclusion wasn’t apparent to me in the data provided. By the 
end of the time period the paper considers, India is roughly at the average 
of the six developing countries mentioned. The paper makes the point that 
some of these are natural-resource-intensive countries so they do not count. 
It would be useful to explain a little more what that means, because in many 
ways India does not look different. I was a little flummoxed by Footnote 4, 
which suggests that India is actually using more services than China. So it 
would be good to know if this is for real, or if India is like the others, which 
is what some parts of the paper suggest. India also has a lot of industrial 
heterogeneity, so the paper makes the point correctly that the areas where 
India is low on service intensity are the areas where it is export-intensive. 
This helps account for the overall story of the paper but does not give much 
comfort in understanding whether India is low in service intensity.

The firm-level analysis is much more helpful. The authors do an admi-
rable job of identifying the intensive margin and extensive margin. A big 
result that comes out is on TFP. Ken Kletzer pushed the authors in his 
remarks to model TFP separately using total and imported services, but I 
am okay with their approach. The paper estimates a trend growth of TFP 
of almost 1 percent a year, with a clear delineation between exporters and 
non-exporters, and on service imports between exporters and non-exporters. 
It was disappointing to see how small the numbers were on imported ser-
vices. The authors don’t provide medians, but I assume the median is zero 
for most of these, and that imported services have a mean of 1 percent. So 
it would be nice to know more about why those numbers are as low as they 
are, and how they might impact the modeling and econometric strategies.
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The big question I found myself really trying to figure out was why the 
authors believe that more services give rise to more exports, and in particular 
why more imported services give rise to more exports. That is the hypothesis 
that is being tested at the firm level. I think what matters is, and this is also 
what the authors said at the beginning of their presentation, that we want 
more globally competitive inputs, generally speaking. An exporter definitely 
wants and needs to have more globally competitive inputs if she herself is to 
be competitive. But Ken’s point, which I agree with, was that Indian service 
providers may well be globally competitive, so there is no privileged status 
for imported services. But the paper maintains that imported services give 
rise to exports, and this leads it to the slightly disjunctive conclusion that 
India should liberalize its services sector. It would be more straightforward 
to say that we want globally competitive inputs, and domestic liberalization 
is good for globally competitive inputs. Overall, I confess I struggled with 
why the authors believed service intensity was good for exports, unless I 
could better understand what services they had in mind and how they actu-
ally entered into the production function.

Finally, in terms of editing the paper, the network and non-network 
discussion could usefully be dropped. Even the financial constraint mate-
rial is not central to the paper. The paper has interesting things to say about 
services and imported services, and just focusing on them would be better. 
Most importantly, I would flesh out the production decision involved when 
you choose to import a service, or choose to import a good that has services 
embedded in it, or produce a good, for example, that might have services 
embedded in it. 

General Discussion

Anup Wadhawan, the chair of the session, highlighted the increasing frag-
mentation of manufacturing across the globe. He saw it as part of the trend by 
which manufacturing processes have evolved since the beginning of history. 
He said that we began with very self-sufficient producers in manufacturing, 
and slowly, as products became more complex and intricate, the degree of 
self-sufficiency within a manufacturing enterprise and within an economy 
tended to come down. Global value chains are the next stage in the process, 
but the underlying factors remain the same—successful firms need to be 
competitive and they have to be productive. 

He noted that the paper argues that the foreign services content of 
exported manufactured products is low, and it attributes that to barriers 
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to accessing foreign services and a resulting lack of competitiveness. It 
prescribes liberalization of the services sectors, which would increase the 
competitiveness of the services sector, therefore increasing the competitive-
ness of the export sectors. That fundamental element of competitiveness is 
related in turn to a conducive, regulatory, and policy environment—whether 
it is policies, regulations, physical infrastructure, or access to raw materials 
inputs. He emphasized that it is only the environment in which firms operate 
which is ever-changing, and that is a part of a long-standing historical trend. 

However, he questioned the authors’ interpretation that there were wide-
spread barriers to the provision of foreign services and a lack of competi-
tion in the domestic services sector, pointing to the outsourcing of many 
services to India. He was fearful of a hollowing out of the domestic services 
industries, similar to that which he believed has occurred in manufacturing. 
He argued that in the empirical work, imported services could be a proxy 
for a large number of other factors that might explain the trend in export 
competitiveness.

Rana Hasan expressed his concern about the problems of measuring total 
factor productivity at the firm level, and suggested that it might be interesting 
to explore the correlation with a simpler concept such as labor productivity. 
He also agreed that there was a question about how to account for services 
that were embedded in the imports of intermediate materials.

Dilip Mookherjee questioned the extent to which the paper’s analysis 
supported its recommendation for a liberalization of imports of services. He 
thought it was possible that service-sector imports were low because domes-
tic service providers were more competitive than their foreign counterparts. 
Also, similarities of language and culture may necessitate lower Indian 
employment of foreign accountants and foreign marketing experts because 
India exports to countries that speak the same language as in India and have 
similar legal and accounting systems. While there was disagreement about 
whether India actually had higher restrictions on service import than existed 
in other countries, he thought such measures could be defended as infant 
industry protections. Thus, he believed a large number of issues needed to 
be resolved before the adoption of any specific policy recommendations.
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1. Introduction and Motivation

It is difficult to overstate the importance of improving agricultural produc-
tivity for human welfare. A large fraction of the world’s poor are engaged 

in agriculture. Moreover, as global incomes rise, the growing demand for 
meat will dramatically increase the requirement for food grains, potentially 
increasing prices as well.

Long-term Indian agricultural productivity growth has been 3 percent 
per year and 3.5 percent since 2004–05,1 yet a substantial yield gap remains 
(World Bank 2014). Early in this century, the concept of “site-specific crop 
management,” or precision agriculture, began to gain traction, particularly in 
developed countries. The basic idea is that, because conditions vary locally, 
precise targeting of inputs may lead to significantly higher yields, potentially 
at a lower cost. In countries such as the United States, this may take place via 
tractors equipped with GPS devices, and equipment that varies the seeding 
or fertilizer rate every few meters. A developing country equivalent, much 
less reliant on technology, would be to provide smallholder farmers with 
better information about local conditions (soil, weather, and temperature) 
and opportunities (seed and input choices), such that they may make more 
informed decisions. It is worth noting that the cost of many sensors is declin-
ing, such that technology-enabled solutions may become viable at scale in 
developing countries quite soon.

Among the most important inputs, for both farmers and the government, 
are fertilizers. India itself has witnessed a dramatic increase in fertilizer use. 
Indeed, experts argue that in many cases, farmers apply too much fertilizer 
(e.g., Blaise 2006). 

Local variability in soil quality has helped motivate the governments of 
many Indian states, and now the Central Government, to support or conduct 
farmer-level soil tests. It is hoped that if farmers are directly provided highly 
detailed information in the form of soil health cards (SHCs), they will be in a 
position to optimize their input usage, increase productivity and profitability, 
and safeguard the quality and fertility of their soil. 

However, a number of things must happen for the government’s ambi-
tious intervention to have the desired effect. In addition to managing the 
daunting logistical challenge of testing millions of plots and returning the 
information to farmers, these conditions include: (a) soil tests administered 
by the government must generate meaningful and useful information about 

1. In comparison, between 2001 and 2014, this figure is 4.0 percent per annum for 
Bangladesh, 4.2 percent for Indonesia, 3.8 percent for Brazil, and 1.1 percent for the United 
States (Source: USDA agricultural TFP growth statistics).
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soil quality; (b) farmers must understand, trust, and be willing to act upon 
the information provided by SHCs; and (c) the desire to act must not be 
impeded by availability of inputs, credit constraints, or other factors.

This paper examines the first two of these conditions. We evaluate the 
information content of soil tests by collecting soil from a set of randomly 
selected farmers and having these soil samples evaluated in certified labora-
tories. We compare the test results and the corresponding recommendations 
against the government SHCs for these farmers. 

Second, we provide SHCs to farmers and evaluate their understanding of 
the cards and the corresponding recommendations. We show that the typical 
level of understanding is very poor, but that it is dramatically improved 
when accompanied by additional explanation, such as an agronomist might 
provide.

Unfortunately, it does not appear feasible to have an agronomist consult 
with every farming family in India. We document that the reach of agricul-
tural extension officers is quite limited—nationwide, only about 6 percent 
of farming families report having interacted with an extension officer in 
the previous year.

Our primary contribution is to document the efficacy of ICT as an aid in 
understanding SHCs. In a “lab in the field” experiment with approximately 
550 farmers, we test the farmer’s understanding when provided with an SHC 
with no supplement against the understanding when provided a simplified 
SHC, accompanied with an audio supplement (which could currently be 
delivered via mobile phone), a video supplement (which will likely be deliv-
erable in a cost-effective way in the next couple of years), or an in-person 
explanation with an agronomist. Are ICT-based interventions as successful 
as a visit by an agronomist in terms of promoting understanding?

Finally, we consider the possibility that farmers may be able to take 
advantage of other resources to make sense of their cards. Previous research 
suggests that agricultural input dealers frequently provide advice and guid-
ance to farmers; farmers report seeking advice from commercial agents at a 
roughly similar rate to government extension agents. The final contribution 
of this paper is to report on a separate exercise that evaluates the quality of 
agricultural advice provided by input dealers for inputs such as pesticide 
and fertilizer. 

At the outset, we want to be clear about what this paper intends to show 
and what it does not show. We show that (a) technical information, presented 
in paper format, is largely incomprehensible to farmers and (b) an approach 
using ICT and a simplified version of the technical information leads to 
substantially higher levels of comprehension. These findings have important 
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implications for service delivery, particularly with respect to agriculture, 
where customized information may be particularly useful. However, this 
paper does not show (nor does it attempt to show) that customized fertilizer 
information leads to greater yields or profits, nor to support the view that the 
government should continue to, or scale up, their efforts to deliver SHCs. 
In fact, a primary finding of this paper—described in Section 3—is that the 
SHC data is in fact quite noisy, and that further validation is likely necessary 
to justify the distribution of this information (in any format).

This paper builds upon an important piece of research (Fishman et al. 
2016) that evaluated the distribution of SHCs in Bihar, India. Their field 
experiment sought to mimic efforts being scaled up throughout India. The 
authors tested soil samples of over 800 farmers across three districts and 
produced SHCs modeled after the government SHCs. The authors’ team 
subsequently returned to the farmers, providing them with a copy of the 
SHC, along with an in-person description of its results and implications, 
for the farmers seeking to grow rice and wheat. 

The authors returned several months later to collect information on actual 
fertilizer use. They found that the SHCs did not affect fertilizer use.

Examining why the SHCs were ineffective, the authors note that the 
farmers reported preferring to continue following their traditional input 
practices, and that survey questions indicated that approximately 70 percent 
of the farmers distrusted the recommendations given by extension workers.

Our experiment was designed, in some part, to overcome this lack of 
trust. The audio, video, and agronomist scripts explained in detail how soil 
samples were collected, why they were collected, and how they were tested.2

This paper contributes to two additional, related literatures. The first 
evaluates the ability of agricultural extension services to promote produc-
tivity (Duflo et al. 2011; Feder et al. 1987; Gandhi et al. 2009). We see the 
evidence here as generally mixed, though the ability to make certain claims 
is limited by the difficulty of solving traditional identification problems. A 
recent randomized controlled trial (RCT) in Africa (Yishay and Mobarak 
2013) found positive effects of extension on the adoption of new technologies. 

A second, more recent literature examines the role of ICT in agriculture 
(Aker 2011). The early evidence in this space was somewhat mixed, with, 
for example, Fafchamps and Minten (2012) finding no effect of SMS-based 
agricultural advice services on farmer outcomes in Maharashtra. 

Cole and Fernando (2016) implement an RCT to evaluate an ICT-based 
extension service called “Avaaj Otalo” in Gujarat over a period of two 

2. See Appendix II for more details on the scripts used.
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years. The service was developed by Neil Patel, Tapan Parikh, and others 
as a social enterprise called Awaaz De that provides mobile solutions for 
social impact. The key features of the service included 3–5 minute-long 
push notifications to farmers in the form of a weekly 3–5 minute message, 
along with the chance for farmers to call in and record specific questions 
about their farm, with an answer delivered back to them within 24 hours. 
The service, which was free for farmers to use, achieved broad adoption, 
as the median treatment respondent listened to 5.2 hours of content, and 
88 percent of farmers called in to ask a question. The service caused sys-
tematic changes in farming practices, leading to higher cumin yields and to 
higher cotton yields for a sub-group that had received reminder messages.

In 2016, one of the authors of this paper (Cole), along with Michael Kremer, 
Dan Bjorkegren, and Heiner Baumann, founded a non-profit with the goal of 
improving the quality and features of mobile phone-based extension services, 
evaluating them rigorously and, if and when the evidence suggests, an attrac-
tive benefit/cost ratio, scaling services up. Since 2016, the non-profit PAD, 
or Precision Agriculture for Development, has operated a service similar to 
Avaaj Otalo, Krishi Tarang, for approximately 40,000 farmers in Gujarat state. 

2. Existing Extension Landscape

Many view India’s agricultural extension workers as critical to the spread 
of technologies that comprised the Green Revolution (e.g., Singh 1999). 
However, traditional agricultural extension models are subject to a number 
of limitations, including limited reach, limited control, and limited ability 
to provide ongoing guidance.

At some level, Fishman et al. represents a “best case” scenario, as each 
farmer was visited in person by someone trained to deliver information about 
SHCs. In reality, despite substantial efforts, agricultural extension in India 
falls well short of universal coverage.

Indian state governments collectively employ approximately 120,000 
agricultural extension workers (Sajesh and Suresh 2016), against an esti-
mated 110 million farming households,3 meaning, on average, each exten-
sion worker must cover approximately 750 farming households. Even if an 
agent could be on the road 20 days a month, visiting pre-arranged groups 
of farmers, it is difficult to see how most farmers could avail themselves of 
extension services.

3. See http://pib.nic.in/newsite/PrintRelease.aspx?relid=113796, accessed June 2017.
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The agriculture-focused Schedule 33 of the 70th Round of the National 
Sample Survey conducted in 2013 includes a question specifically on agri-
cultural extension. The survey asked respondents whether they had received 
technical advice on their crops, allowing them to specify whether they 
received the advice from extension agents, Krishi Vigyan Kendras (KVKs), 
agricultural universities, private commercial agents, other farmers, media, 
veterinarians, or NGOs. In Table 1, we report the share of households that 
reported receiving technical advice from any source, alongside the share 
that reported receiving advice from extension agents.4

Our basic finding is that while many farmers report receiving technical 
advice from an outside party, relatively few interact with agricultural exten-
sion workers or KVK staff. India-wide, only 6 percent of farmers report 
receiving technical advice from an agricultural extension worker. The most 
popular sources of advice are “progressive farmers” and media (radio/TV/
newspaper/the Internet). Veterinary departments and commercial agents are 
the third and fourth most common sources of advice, respectively.

The state in which the highest share of farmers reported receiving tech-
nical advice is Karnataka at 66 percent, yet only 11 percent of that state’s 
respondents reported interacting with an extension agent. In Table 1, we 
examine geographic and demographic heterogeneity. Extension worker out-
reach is highest in Andhra Pradesh (29 percent), but most states achieve only 
single digits. Gujarat reports 49 percent receiving any technical advice, with 
only 7 percent interacting with an extension agent. Men appear to interact 
with extension agents marginally more frequently than women, and fewer 
of those with small landholdings report seeking advice. However, we find 
no consistent pattern in extension agent access by landholding and income.

In contrast, column (1) of Table 1 demonstrates that mobile phone pene-
tration is quite high throughout all the states examined in the table. It is above 
70 percent in all states except Odisha (69 percent), Bihar (68 percent), Assam 
(59 percent), and West Bengal (54 percent). This number likely overstates 
rural penetration, as it is a measure of the number of active lines divided by 
the total population. However, it is also likely that individuals without their 
own phone may be able to obtain access to phones through friends, family, 
or neighbors. India is also well covered by networks: Ericsson’s June 2016 
mobility report (Ericsson’s Mobility Report: India 2016) estimates that 95 
percent of the country’s population was covered by GSM or EDGE as of 
2015, with lower coverage rates for high-speed data.5

4. These statistics have been adjusted for the sampling weights.
5. See https://www.ericsson.com/assets/local/mobility-report/documents/2016/india-

ericsson-mobility-report-june-2016.pdf, accessed June 2017.
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The key take-away, in our view, is that while mobile phones are widely 
accessible, agricultural extension workers reach, at best, a small fraction of 
the Indian farming population.

3. Soil Health Cards Data

3.1. Background 

Fertilizer use in India has been growing rapidly, from 11 kg per hectare in 
1970 to 128 kg per hectare in 2010–11. However, an ICRISAT report on 
soil health mapping commissioned by the Prime Minister’s Office reports 
that the positive yield response to fertilizers is sharply declining, from about 
25 kg of crop per kg of fertilizer in 1970 to only 8 kg of crop per kg of fer-
tilizer in 2003 (Wani et al. 2016). The report highlights widespread nutrient 
deficiencies in soil across nine different states of India (including major 
agricultural producers such as Madhya Pradesh, Karnataka, and Gujarat), 
and attributes the same to imbalanced fertilizer use. In particular, fertilizers 
containing macronutrients such as nitrogen are over-applied, at the expense 
of micronutrients such as zinc, sulphur, and iron. 

A growing body of research and policy work suggests that public sub-
sidies for urea have skewed farmer behavior towards this status quo (e.g., 
Fishman et al. 2016; Wani et al. 2016). A recent World Bank report on 
agricultural productivity in India expressed a concern that subsidies led to 
overuse of some fertilizers, not just to an extent that the marginal product 
was below the marginal cost, but that overuse of fertilizer actually depressed 
yields (World Bank 2014, p. xxvi). This imbalanced fertilizer use is believed 
to have caused stagnating crop response (Wani et al. 2016). A recent IFPRI 
report on land degradation in India also estimates that 44 percent of agricul-
tural land is degraded, with the primary culprit being the overuse of fertilizer 
due to input subsidies (Mythili and Goodeeke 2016). 

There is some evidence from small-sample studies on experimental 
plots that site-specific nutrient management practices have the potential to 
increase yields and improve net returns to fertilizer use for wheat (Khurana 
et al. 2008; Sapkota et al. 2014), rice (Das et al. 2009; Singh et al. 2011), 
cotton (Shivaraja et al. 2017), and pearl millet (Uppal et al. 2015).6 In each 

6. Sample size in Sapkota et al. (2014) is 15 fields with 5 different treatments on each field 
(within-field design); in Khurana et al. (2008) is 56 fields with 3 different treatments on each field; 
in Singh et al. (2011) is 1 field with 5 different treatments; in Das et al. (2009) is 20 fields with 
7 different treatments on each field; and in Shivaraja et al. is 1 field with 9 different treatments.
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of these studies, researchers control for other agricultural inputs such as 
irrigation, pesticides, and sowing distance (or replicate farmers’ regular 
practices of these other inputs), while systematically varying fertilizer use 
across fields. Although sample sizes range from only 1 to 56 fields, positive 
results on these plots offer the tantalizing possibility (not yet systematically 
demonstrated in real farm settings in India, as far as we know) that farmers 
could boost yields while reducing costs, and therefore dramatically increase 
profits.7 Indeed, analyses conducted in these small sample experiments 
reveal a benefit-cost ratio greater than 1, and as high as 17.

Since at least 1845, scientists have attempted to design means of measur-
ing soil fertility (Anderson 1960). Modern soil tests identify the amount of 
available nutrients in the soil, important among them nitrogen, phosphorus, 
and potash, but also including micronutrients such as sulphur, zinc, and 
iron. These soil tests are then combined with agronomic models to generate 
specific fertilizer recommendations. 

In the case of India, government agricultural universities have elected 
to characterize macronutrient levels on a three-level scale (low, medium, 
or high). Soil test reports typically recommend higher doses of fertilizers 
that supply nutrients that are deficient in soil and lower doses of those that 
supply nutrients abundant in soil. Optimal recommendations vary both by 
crop and by whether the plot being cultivated is irrigated or not.

Starting in 2015, the central government of India planned to invest 
US$100 million over three years for soil testing and the dissemination of 
SHCs. These cards contain information on the macro- and micronutrient 
content in a plot of land, as well as the levels of pH and organic carbon in 
the soil. The cards recommend doses of fertilizers for a variety of crops. 
Soil samples under this scheme are to be collected by village workers and 
deposited at local agricultural universities, which perform soil tests and 
upload results to the online portal. Paper copies of soil test results are also 
to be provided to farmers. 

While the scheme was initially envisaged by individual states, as far 
back as 2004 for Gujarat, as a program testing soil from individual fields 

7. It is not obvious that profits would rise in real farm settings as they do in the case of 
experimental plots. In other countries, it has been found that fertilizer application has no net 
positive returns when farmers change other input use in response to fertilizer use, for example, 
for marginal farmers in Mali, on account of costly labor inputs that accompany greater fer-
tilizer use (Beaman et al. 2013), or in Kenya, because of high costs associated with fertilizer 
procurement (Suri 2011). Additionally, current tests of how site-specific nutrient management 
affects yields abstract away from general equilibrium effects of higher yields on local prices. 
Since farmers are price-takers, it may still be profitable for them to maximize yields.
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and providing individually customized recommendations to farmers, the 
central government’s version collects and tests soil samples in a grid-wise 
fashion: one sample is collected for every 10 hectares of rain-fed land or 
every 2.5 hectares of irrigated land. The average size of landholdings in 
India is 1.15 hectares (2015 Agricultural Census), and a traditional soil test 
costs between `150 and `500, depending on whether it tests only macro-
nutrients or also tests micronutrients. We offer some evidence below that, 
at least in Gujarat, neighboring plots have fairly similar soil composition, 
suggesting that grid-wise sampling might be appropriate. Similar evidence 
exists for a watershed setting in Andhra Pradesh (Sahrawat et al. 2008). At 
this time, we are unable to comment on the economic returns to soil testing 
and the optimal geographic granularity of soil tests. Some current evidence 
on the former is gleaned from the small-N studies described above, which 
tend to find higher profits far exceeding the cost of tests for experimental 
plots. However, how this plays out in actual fields remains an open question 
(see Footnote 6). We are also unaware of any work on the second question 
regarding the optimal resolution of soil testing, although ongoing work in 
Gujarat aims to shed light on both these questions.

3.2. Progress and Plans

The government has set high targets for distribution of SHCs, stating in 
the 2016–17 Budget: “The target is to cover all 14 crore [140 million] farm 
holdings by March 2017.” According to the 2017–18 Budget statement, 42.5 
million SHCs had been distributed as of December 31, 2016 (Union Budget 
2017–18). In the 6 June 2017 Ministry of Agriculture update on the progress 
of the SHC program, the overall target for the distribution of SHCs is about 
123 million, while SHC distribution had increased to 81 million, or about 
66 percent of the overall goal (Ministry of Agriculture 2017).

In Table 2, we display the Ministry’s breakdown of progress for a 
selection of individual states. These numbers include progress made prior 
to 2016 in the state-specific programs. Thus far, the program appears to 
have made significant headway. However, progress is uneven, with states 
including Himachal Pradesh, Madhya Pradesh, Tamil Nadu, Karnataka, 
and Maharashtra enjoying nearly full coverage in SHC distribution, and 
others such as Punjab and Assam at comparatively early stages in the 
distribution process.

These figures may overstate the effective reach of the program. In a study 
that sampled 480 Gujarati farmers from among those for whom SHCs were 
generated, the authors found that about 50 percent did not have knowledge of 
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T A B L E  2 .  Reported Progress of SHC Distribution, June 2017

Distribution Target Progress (% of Target)
Jammu & Kashmir 914,044 27%
Himachal Pradesh 385,011 100%
Punjab 4,619,621 16%
Haryana 4,360,555 26%
Rajasthan 6,886,000 64%
Uttar Pradesh 26,391,089 35%
Bihar 7,236,233 53%
Assam 1,540,968 10%
West Bengal 5,040,510 65%
Odisha 3,696,881 58%
Madhya Pradesh 8,872,377 100%
Gujarat 5,108,923 59%
Maharashtra 12,977,232 95%
Andhra Pradesh 7,455,204 81%
Karnataka 7,832,189 96%
Kerala 705,420 55%
Tamil Nadu 7,000,000 97%

Source: Ministry of Agriculture, “Statewise Status of Soil Health Card Scheme.” Accessed June 2017.
Available at: http://soilhealth.dac.gov.in/Progresscdpt.

their field being tested and 57 percent did not have a physical copy of their 
SHC (Swain and Kalamkar 2016). In our study, over 90 percent of farmers 
did not know of the government’s SHC scheme. These figures highlight the 
challenge of implementing a large-scale intervention with limited capacity 
to deliver services at the local level, as is also observed in other settings. For 
example, Muralidharan and Singh (2018) find that an ambitious program 
to improve school governance in Madhya Pradesh failed to affect student 
outcomes due to failure on the part of government officials to monitor its 
progress in an ongoing manner. 

3.3. Data Validation of Soil Health Cards

Collecting tens of millions of soil samples, testing them reliably, and making 
the results known to smallholder farmers is a challenging logistical and 
organizational endeavor. In this section, we provide a validation check of a 
set of soil tests conducted by the Government of Gujarat and a second set 
of independent soil tests that we commissioned. 

In 2004, the state Government of Gujarat embarked on an ambitious 
plan to test soil samples of at least one field for every farmer in the state. 
By 2015, the agricultural department reported having met 85 percent of this 
goal (Swain and Kalamkar 2016). These SHC results were made available 
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online (see Figure A1 for an example of a downloaded SHC in Gujarati).8

We digitized this database for Surendranagar, Rajkot, and Morbi districts of 
Gujarat. Between January and June 2017, we collected and tested individual 
soil samples for a subset of these fields. Our soil sampling procedures are 
detailed in Appendix I. 

We engaged Junagadh Agricultural University (JAU) and Gujarat State 
Fertilizers and Chemicals’ (GSFC) soil testing laboratories to conduct soil 
tests; their testing procedures adhere to international standards and are 
endorsed by the government.9 JAU is certified by the Indian Council of 
Agricultural Research (ICAR) to perform agricultural research and is part 
of the consortium of state agricultural universities that prescribes fertilizer 
recommendations for different crops in Gujarat.

Our research follows similar work in Tanzania and Kenya, where 
Berazneva et al. (2016) compare the results of plot-wise soil tests with 
high-resolution geospatial data that is interpolated from point observations 
across geography. The authors find that publicly available geospatial data 
is unable to capture local variability in soil chemistry. While the spirit of 
our comparison is similar, its nature is different in that the publicly avail-
able SHC results to which we compare independent laboratory test results 
are based on tests of individual plots as opposed to interpolation across a 
number of plots.10

3.4. Sample Selection

Our soil samples were collected in two waves.

•	 January 2017: As part of a pilot study in Surendranagar and Morbi 
districts of Gujarat, we made a list of all farmers in five villages whose 
test results from post-2014 were available in the state government’s 
online and publicly available database of SHCs. We then approached 
these villagers in a randomized order with the goal of conducting 
approximately 50 soil tests. We collected and tested a soil sample 

8. See http://shc.aau.in/guj/home/soil.
9. For available nitrogen: potassium permanganate distillation and titration; for available 

phosphorus: Olsen method; for available potash: distillation on flame photometer; for organic 
carbon: Walkley & Black method. Descriptions: https://docplayer.net/26211159-Laborato-
ry-testing-procedure-for-soil-water-sample-analysis.html.

10. The central government’s SHC scheme looks to collect a single sample for a number 
of neighboring plots and then interpolate the results of this one test to all the neighboring 
plots. The SHCs we compare to individual soil tests were, however, part of the Gujarat state 
scheme, which prescribed individual tests for every plot.
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from this field for the first 54 farmers who agreed to participate. All 
54 fields form part of the cross-check sample.

•	 March–June 2017: As part of a larger, longer term study on soil 
fertility in Surendranagar, Morbi, and Rajkot districts of Gujarat, we 
identified 24 villages with a substantial number of individuals using 
the Krishi Tarang mobile agricultural extension service. In each of 
these villages, we randomly selected 50 Krishi Tarang users and tested 
soil from their most important plot. We also administered a survey 
collecting data on number of plots, crops grown, irrigation status of 
plots, and fertilizer practices. For 10 percent of these farmers per 
village, we also collected samples from and tested the soil of up to 
four neighboring plots. Farmers not in the original sample of 50 but 
whose plots were tested as neighboring plots were not surveyed. Soil 
samples were tested in the soil testing labs of JAU and GSFC, (about 
50 percent in each). We have thus far received test results for 936 plots 
of the study sample and 196 plots of the sample of neighboring plots 
(1,132 total). We matched these results with the Gujarat government’s 
publicly available database of soil test results on the basis of village, 
plot, and farmer identifiers, and were able to definitively match 239 
(21 percent).

The total sample thus comprises 293 (54 + 239) plots, for which we 
have both a government SHC and our own independent test. We are able to 
match 52 percent of these based on the survey number of the field, which 
is a number assigned by the government to each plot. The remaining 48 
percent of the fields are identified by a farmer’s first, middle, and last 
name, as well as by the village. We describe our matching algorithm in 
Appendix I. Over 96 percent of the SHC data among matched samples is 
from after 2010.

Tables A1.1 and A1.2 in Appendix I describe farming practices in this 
sample. Over 46 percent of the plots are irrigated. About one in three plots 
is the only plot cultivated by a farmer; 87 percent of the irrigated plots and 
82 percent of the un-irrigated plots are used to cultivate cotton. We observe 
high use of urea (nitrogen-rich) and di-ammonium phosphate or DAP 
(phosphorus-rich) fertilizers, with 87 percent and 79 percent of the irrigated 
and un-irrigated plots, respectively, using the former, and 81 percent and 
84 percent of the irrigated and un-irrigated plots, respectively, using the 
latter. Average expenditure on these fertilizers totals `4,100/hectare for 
farmers cultivating irrigated plots and `3,476/hectare for those cultivating 
un-irrigated plots.
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3.5. Cross Validation of Soil Health Card Data

Comparing results from the two independent soil tests is relatively straight-
forward, as both tests report the same set of nutrients: nitrogen, phosphorus, 
and potash. However, since the JAU tests report nitrogen content directly, 
we only compare numerical nitrogen values between GSFC and government 
tests, both of which report organic carbon (which serves as a proxy for nitro-
gen availability). Phosphorus and potash are reported in all three reports.

3.5.1. NUTRIENT STATUS

Figure 1 plots the distribution of the measured quantities of three macronu-
trients, nitrogen (N), phosphorus (P), and potash (K), in the independent test 
against their corresponding values in the SHC. These nutrients are critical 
for plant growth and form the basis of the three most widely recommended 
and used fertilizers: urea, DAP, and muriate of potash (MOP). Because 
fertilizer recommendations are based on the category (low, medium, or 
high) into which the numerically measured quantities fall, we report both 
the correlation of numerically measured values and rank correlation among 
their corresponding categories.

We observe very low levels of correlation in measured values across 
the two reports—0.034 for nitrogen, 0.045 for phosphorus, and 0.080 for 
potash. The Spearman rank correlation coefficient is also low—0.078 for 
nitrogen, 0.028 for phosphorus, and 0.052 for potash; we are never able to 
reject the null that it is equal to zero. These magnitudes are much lower than 
the 0.5–0.6 correlation coefficients observed between two different soil test 
results of the same plot in other contexts such as Kenya. 

There are several possible explanations for weak correlation: the tests 
were taken at different times and by different organizations—in particular 
we believe the government sampling took soil tests at two points in the 
year, while we collected soil only in April, after rabi harvesting. In addition, 
there may be substantial micro-level variability, meaning that the method 
of soil sampling, moisture, and temperature can all affect test results. While 
nitrogen measures are less sensitive to the last two, phosphorus and potash 
can be affected. The first of these—the timing of the tests—is particularly 
important as soil health quality is known to change over time.

One possibility that we would like to rule out is that our methodology or the 
laboratory we chose were flawed and provided “pure noise” rather than useful 
results. To evaluate this (problematic) hypothesis, we exploit a fortuitous 
feature of our data—in 42 cases (of the 1,132 in the March–June 2017 soil 
sample collection), pairs of farmers who cultivate the same plot were randomly 
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picked for soil sampling from our sampling frame (all Krishi Tarang users) in 
a village. We thus have two independent test results for these plots. In Figure 
2, we plot the analog of Figure 1 for these pairs of tests. Here, we observe high 
numeric correlation—0.667 for nitrogen,11 0.418 for phosphorus, and 0.558 for 
potash. These magnitudes are consistent with across-test correlations found by 
others. The rank correlation is 0.342 for nitrogen, 0.491 for phosphorus, and 
0.224 for potash. For the first two, we are able to reject the null hypothesis 
(5 percent significance) that this rank correlation coefficient is equal to zero. 

A vast majority (over 96 percent) of SHC data is from after 2010; how-
ever, at least one extension service recommends testing soil every three–four 
years, as the nutrient quantity may change over time.12 As the SHC scheme’s 
intended goal is to furnish an updated SHC every three years, we replicate 
the above analysis after restricting the sample to just those observations 
where the SHC corresponding to the independent test was generated in the 
last three years (2014–17). Figure 3 plots the analog of Figure 1 for this 
sample. We again find no statistically significant correlation between the 
government scheme data and the tests we conducted. While the data are 
noisy, we can reject, at the 5 percent level, the hypothesis that the correlation 
in nutrient quality is 0.6.

As described previously, when collecting soil and survey data for the 
study sample during March–June 2017, we also collected soil samples 
from immediately neighboring plots of 10 percent of the original sample. 
As of now, we have test results for 80 sets of neighboring plots, with each 
set having an average of 3.04 plots in it. Table A2 describes geographic 
variability in nutrient categories assigned to plots within the same set of 
neighbors and within the same village. For sets of neighboring plots, we 
observe that 46 percent (n = 80) are characterized by the independent tests 
as belonging to the same potash category (either low, medium, or high), 54 
percent are characterized as belonging to the same phosphorus category, and 
75 percent are characterized as belonging to the same nitrogen category. For 
villages, 6 percent (n = 30) are characterized as having all plots in the same 
potash category, 3 percent are characterized as having all plots in the same 
phosphorus category, and none have all plots in the same nitrogen category. 
In terms of numerical values, the standard deviation across villages is double 
that across neighboring sets of plots. In sum, we observe relative similarity 
in nutrient status across immediately neighboring plots, but variability in 
nutrient status across different plots in the same village. 

11. Note that here too we are only comparing nitrogen values in organic carbon.
12. See https://ask.extension.org/questions/156342.
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3.5.2. RECOMMENDED FERTILIZERS AND COSTS

Measured quantities of nutrients are important because they are used to 
determine fertilizer recommendations. We translate nutrient status reported 
in SHCs and independent tests into fertilizer recommendations based on the 
most recently approved recommendations for BT cotton in the Saurashtra 
region of Gujarat, where our study area lies. These recommendations 
are detailed in Table A3. They were agreed upon during the 12th Annual 
Meeting of the Agricultural Research Council (AGRESCO) of Gujarat state 
agricultural universities in 2015–16.13 We choose cotton as it is cultivated 
by over 80 percent of the farmers in our sample, and compare SHCs and 
independent tests in terms of fertilizers that each would recommend for a 
farmer growing either irrigated or un-irrigated BT cotton. 

Table A4 reports the quantities of urea, DAP, and MOP fertilizers 
recommended by the independent tests and government SHCs. For each 
fertilizer, this recommendation can take one of three values—high (if 
the corresponding nutrient is found to be low in soil), medium (if the 
corresponding nutrient is present in average quantities), or low (if the 
corresponding nutrient is high in soil).14 Soil tests conducted by the gov-
ernment, on average, generate results that are more likely to prescribe 
medium levels of fertilizer use (in the case of urea and DAP) and low 
levels of fertilizer use (in the case of MOP) than the recommendations 
that come from our tests. There is more variation in recommendations in 
the independent laboratory test reports. 

Both government SHCs and independent tests recommend, on average, 
higher doses of nitrogen and potash-based fertilizers than are currently 
used by farmers in our sample who cultivate cotton on irrigated plots. For 
un-irrigated plots, the independent tests recommend higher doses of nitrogen 
and potash-based fertilizers than currently used, while SHCs recommend 
higher doses of potash-based fertilizers than currently used. Recommended 
phosphorus matches farmers’ current use patterns.

The fact that farmers in our sample who are cultivating irrigated cotton 
are using less nitrogen-based fertilizers than recommended (by almost 50 

13. Fertilizer recommendations are based on experimental plots cultivated in the region 
for which recommendations are being made. These recommendations are adopted at annual 
meetings of the joint AGRESCO, i.e., meetings of all agricultural universities in Gujarat. Our 
sample lies within the Saurashtra region of Gujarat, and the latest recommendations come 
from the proceedings of the 12th AGRESCO meeting, held in 2015–16.

14. Urea recommendations are adjusted downward from the prescribed high/medium/low 
quantities according to DAP recommendations, as 100 kg of the latter adds 46 kg of phosphorus 
and 18 kg of nitrogen to soil. Therefore, for irrigated plots recommended high, medium, and 
low amounts of DAP, the corresponding urea recommendation is reduced by 50 kg, 42 kg, 
and 32 kg, respectively, from the amounts described in Table A4. For un-irrigated plots, the 
corresponding reduction is 21 kg, 17 kg, and 13 kg, respectively.
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percent) is contrary to conventional wisdom, which dictates that high subsi-
dies for these fertilizers would lead to their overuse. Indeed, overuse of nitro-
gen-based fertilizers is documented in other states such as Bihar (Fishman et 
al. 2016) and even among hybrid (albeit not BT) cotton-growing farmers in 
the Surat district of Gujarat. We expect that the reason for this discrepancy 
is twofold: first, that poor rainfall in our study area depressed farmers’ use 
of nitrogen-based fertilizers in later parts of the 2016 kharif season. These 
fertilizers are applied in multiple doses over the season, and farmers use less 
when they do not have enough groundwater to irrigate fields.15 Indeed, we 
find that farmers from these blocks reported using between 10–25 percent 
more of these fertilizers when surveyed for a different study in 2014 (data 
from Cole and Fernando 2016).

Second, as described above, we translate nutrient status into fertilizer 
recommendations using the latest update to these recommendations for BT 
cotton, which occurred in 2016. Prior to this, the set of recommendations 
being disseminated by universities were generated in 2010–11 and were 
for the hybrid cotton crop G-cot6. G-cot6 has only about two-thirds the 
nitrogen requirement of BT cotton, and does not come with any phosphorus 
or potash recommendations at all. While a vast majority of cotton farmers 
in the area have transitioned to growing BT cotton in the past decade, they 
might still be following nitrogen-recommendations for hybrid cotton, as no 
specific BT-related recommendations existed until 2016.16 Farmers’ use 
of DAP—a subsidized fertilizer that adds both nitrogen and phosphorus to 
soil—would then be consistent with the theory of overuse in relation to lat-
est recommendations to which the general population, and farmers’ typical 
sources of information, including farmer friends or agro-dealers, had access.

Finally, we note that our sampling frame was not designed to be representa-
tive of all India—the farmers we sample or the blocks in which we work may, 
for example, be poorer or use less fertilizer, in general, than other farmers.

Potash fertilizers are neither subsidized nor were recommended for 
cotton until 2015–16, which could explain their low use compared to the 
recommended amount. 

Table 3 directly compares the independent test with the SHC for the same 
plot in terms of quantities and costs of recommended fertilizers. Columns 
(1)–(4) of the table report results for the entire sample, while columns (5)–(8) 
restrict the sample to those for whom the SHC was generated within the last 

15. Total rainfall over the season was only about 50 percent of the last 50-year average 
for the region.

16. That this recommendation for G-cot6 was to be used for BT cotton was last reiterated 
during the 11th AGRESCO meeting in 2014–15, prior to the release of new recommendations 
for BT cotton in 2015–16.
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three years. For the full sample, in 39 percent of the cases, the independent 
test and SHC both recommend that the same quantity of nitrogen be applied 
to the plot; this rate of agreement is 29.9 percent for phosphorus and 42 per-
cent for potash. When the independent test and SHC recommend different 
doses of fertilizers, the former tends to recommend higher doses.

In the remainder of Table 3, we present the agronomic and economic 
implications of the divergent recommendations for un-irrigated cotton (Panel 
B) and irrigated cotton (Panel C). We report the difference in recommended 
amount (kg of fertilizer per hectare) and the difference in estimated cost 
per hectare in terms of mean and percentages. We choose cotton as it is 
cultivated by over 80 percent of the farmers in our sample. On average, it is 
more expensive to follow recommendations from the independent test than 
from the SHC. For an un-irrigated plot, it would cost a farmer, on average, 
an additional `108/hectare to follow the urea recommendation from the 
independent test than from the SHC. This represents 12 percent of a farmer’s 
current average expenditure on urea. For DAP, the difference is 0.3 per-
cent of the current average expenditure, and for MOP it is 259 percent (as 
fewer than 4 percent of the farmers use potash-based fertilizer and average 
expenditure is only `4/hectare). On an irrigated plot, it would cost a farmer 
25 percent, 0.59 percent, and 952 percent (more) of average expenditure on 
urea, DAP, and MOP, respectively, to follow recommendations from the 
independent laboratory tests over those in the SHC.

There is no substantive change in these findings when we restrict the 
sample to the last three years [columns (5)–(8) of Table 3] or when we 
restrict to observations matched by survey number only (Table A5). When 
we restrict urea (nitrogen-rich) recommendations to GSFC tests versus the 
SHC (Table A6), we observe that differences in magnitude fall by half, but 
recommendations still differ about 50 percent of the time.

In sum, we find high rates of disagreement between recommendations in 
the SHC and independent tests. It is difficult to gauge the impact of this on 
farmer yields in the absence of an experiment wherein each recommenda-
tion is applied to a subset of plots, as we do not know the underlying truth 
with certainty.

We conclude, however, by emphasizing that soil testing is a difficult 
enterprise. We believe that further work is warranted to cross-validate the 
information provided by SHCs nationwide. Indeed, several efforts are pro-
posed or underway to validate and improve the quality of the SHC scheme 
implementation.17 One more promising avenue of attack is to use kriging 

17. See, for example, http://csisa.org/csisa-launches-collaboration-with-government-of-
odisha/.
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(a regression interpolation technique) to reduce the variability of individu-
al-level soil tests. If kriging is currently being used to generate SHC results, 
this may also explain some of the discrepancy between our test results and 
those of the government.

4. Evaluating the SHC Intervention 

Above we have explored the extent to which information generated through 
soil testing is replicable for the same plot over time—speaking to the accuracy 
and relevance of information disseminated to farmers. It is of independent 
interest to understand the extent to which farmers are able to comprehend 
this information in the manner currently presented on SHCs, and whether 
low-cost ICT-based interventions can promote farmer understanding of 
and trust in recommendations. This question has important implications for 
service delivery, particularly with respect to agriculture, where customized 
information may prove particularly useful (e.g., Cole and Fernando 2016).

4.1. Experimental Design and Estimation

Through a “lab-in-the-field” experiment with cotton farmers in Gujarat, we 
explore how farmers’ understanding of and trust in government-issued SHCs 
evolves when the SHC is accompanied by different forms of ICT-based or 
in-person advisory explaining its recommendations in an easy-to-understand 
manner.

Across 12 villages in two blocks of Gujarat where the Krishi Tarang ser-
vice is operational, we selected approximately 600 farmers to be assigned at 
random to one of four conditions: an SHC only (C), an SHC along with an 
audio recording (T1), video clip (T2), or agronomist visit (T3) conveying 
its contents. Farmers in groups T1–T3 were also provided a written supple-
ment converting fertilizer recommendations from kg/hectare as in the SHC 
to kg/vigha (the common unit of area used in Gujarat in this setting; see 
Figure A2).18 For logistical simplicity, the SHCs were not from soil tests 
of farmers’ own fields; instead, a farmer was presented with an SHC and 

18. This design decision represented a trade-off: our early experiences with farmers sug-
gested that very few were familiar with hectares, the unit of measure on government SHCs. 
The disadvantage of our approach is that we cannot distinguish between hectare-based soil 
cards and the combination of say hectare-based soil cards with audio messages; however, we 
feel that converting cards to local units is a sufficiently simple modification to the SHC so 
that we chose to evaluate the combined intervention of a redesigned (or supplemental) health 
card alongside the audio/video/agronomist information.
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asked to evaluate it as if it belonged to a friend or cousin who was asking 
for agricultural advice. 

Our provision of a supplement to the SHC is motivated by pilots that 
revealed that farmers are unable to understand the content of SHCs on their 
own (confirmed in the experiment). Swain and Kalamkar in a 2016 survey 
also find that over 67 percent of 480 farmers in Gujarat cannot make sense 
of recommendations contained in SHCs. Our redesign is similar in spirit 
to an intervention conducted by Usman et al. (2011) in Pakistan, which 
redesigned immunization cards for children in Pakistan to include graphics 
conveying the benefit of various vaccines. The authors reported significant 
increases in completion of the diphtheria-tetanus-pertussis immunization 
in the treatment group. 

Our experimental design permits both a within-individual design for 
the approximately 400 participants in groups T1, T2, and T3 as well as an 
across-subject design. 

We first evaluated farmer beliefs without providing any soil nutrient 
information, by asking the farmer to provide fertilizer recommendations 
to a hypothetical friend or cousin cultivating irrigated cotton. Second, each 
farmer in our sample was shown an SHC and asked to answer (a) factual 
questions about specific urea, DAP, and MOP recommendations contained 
therein and (b) opinion questions gauging his perception of the trustworthi-
ness of these recommendations. Finally, as per assignment, the SHC’s rec-
ommendations were also explained through an audio recording, video clip, 
or agronomist visit (scripts of these interventions are included in Appendix 
II). Farmers were then asked to answer these questions again. At this time, 
they were also asked other questions regarding their knowledge of soil fer-
tility, trust in recommendations under different scenarios, and willingness 
to participate in lotteries whereby, if chosen, they would have to pay `250 
(or `200, or `150) to have a soil test worth `250 performed for their field.

Comparing farmers’ understanding of specific fertilizer recommendations 
and trust in them from when they are only exposed to the card to when they 
have received information from an audio, video, or an agronomist visit, 
allows us to glean the effect on these variables from the additional advisory. 

The sequence of activities remained the same for the SHC-only group, 
except they were only asked to provide their interpretation of the SHC once.

In addition to inducing random variation in the mode of information 
delivery, we also randomly varied an important aspect of the information 
itself—in particular, whether the results of the SHC recommended higher 
fertilizer use than is typically practiced by farmers in the area or lower 
fertilizer use than is typically practiced. Each set of recommendations was 
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plausible, given the soil composition in the area. This was done to under-
stand whether trust in information is driven by a bias towards believing 
that more fertilizers are always better than less (Fishman et al. 2016). Half 
of the participants in groups T1, T2, T3, and C1 each received one type of 
SHC (high/low). Figure 4 depicts the randomization scheme and sample 
sizes in each group.

The scripts for the audio recording, video clip, and agronomist visit were 
designed to convey information in a manner that is easy to understand and 
directly relevant to farmers: for example, recommended fertilizer use was 
converted from kilograms per hectare, as in the SHC, to kilograms or bags 
per vigha (the unit of land area commonly used by farmers). It also acknowl-
edged that the recommendations provided a benchmark, which would have 
to be adjusted according to rainfall—a common practice among farmers, and 
one they cared about as we engaged in early pilots. The link between soil 
nutrient status and fertilizer recommendations was clearly established, and 
the benefits of using university-sanctioned recommendations were explained 
in terms of potential gains in yields/reduction in costs.

To ensure that participants pay attention to the information contained in 
this SHC for a hypothetical friend, we informed participants in advance that 
we would provide a mobile phone top-up of `10 for every correct answer 

F I G U R E  4 .  Randomization Scheme and Sample Sizes

600 farmers 
(10 villages)

SHC + audio
(150 farmers)

SHC + video 
(150 farmers)

SHC + agronomist 
(150 farmers)

SHC only 
(150 farmers)

High fertilizer 
(75 farmer)

High fertilizer 
(75 farmer)

Low fertilizer 
(75 farmer)

High fertilizer 
(75 farmer)

Low fertilizer 
(75 farmer)

High fertilizer 
(75 farmer)

Low fertilizer 
(75 farmer)

Low fertilizer 
(75 farmer)

Source: Experimental design by authors.
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to a question about specific recommendations in the SHC. We were very 
clear in stating that trust-related questions had no such associated incen-
tive, and that for these questions, we were interested in understanding the 
participant’s honest opinion of the cards, potential reservations about its 
use, and the extent to which he/she would endorse its recommendations to 
a friend or relative.

We report results of two specifications for understanding and trust-related 
variables. The first compares members of the SHC-only group with those 
assigned to the audio, video, and agronomist interventions.

y audio video agronomistiv iv iv iv v iv= + + + + +α β β β λ ε1 2 3 (1)

Here, yiv is an outcome variable for individual i in village v. Audio, video, 
and agronomist indicate assignment into each of these treatment groups 
(the omitted category is SHC-only). lv is the village fixed effect and ei is 
an individual-specific error. b1, b2, and b3 are the coefficients of interest.

We also report results from a within-individual specification among those 
in the audio, video, and agronomist groups. 

yit = ai + dpostit (2)

Here, postit is an indicator equal to 0 when individuals are only shown 
the SHC, and equal to 1 after individuals are played the audio or video or 
provided advisory by an agronomist as per their treatment assignment. d is 
the coefficient of interest.

To evaluate differences in trust among those who receive SHCs with 
high and low fertilizer recommendations, we restrict the sample to individ-
uals in the audio, video, and agronomist group (as we expect and observe 
higher levels of understanding among these groups). We then evaluate the 
following specification, where p is the coefficient of interest and highi is an 
indicator equal to 0 if an individual receives a card with lower than typical 
recommended fertilizer use and 1 if he/she receives a card with higher than 
typical recommended fertilizer use: 

yiv = a + phighi + lv + eiv (3)

4.1.1. BASELINE CHARACTERISTICS

Table 4 reports baseline characteristics of farmers and checks for balance on 
demographic variables, knowledge of soil health, and baseline understand-
ing of the SHC’s contents (prior to exposure to ICT or in-person advisory 
explaining its recommendations). Panel A of the table reports demographic 
and basic farming characteristics. Participants are, on average, about 36 
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years old. About 70 percent are literate, nearly all are male, over 94 percent 
grow cotton, and, for between 60 percent and 70 percent, the most important 
plot is irrigated.

Panel B reports knowledge of soil fertility and testing. Between 20 per-
cent and 30 percent understand that the purpose of soil testing is to assess 
the level of nutrients in soil and/or to recommend fertilizers based on soil 
quality. Only 7 percent demonstrate familiarity with the government’s SHC 
scheme, and about 10 percent report having ever had their soil tested.

Panel C reports participants’ ability to interpret the SHC after they are 
shown it without any (audio, visual, or in-person) aids. Only between 2 
percent and 10 percent are able to correctly answer questions on specific 
fertilizer quantities recommended in the card. Yet over 90 percent of the 
individuals in each group anticipate that they can either fully or somewhat 
trust the recommendations (Panel D).

4.2. Experimental Results

4.2.1. EFFECT OF ICT AND IN-PERSON EXTENSION ON TRUST AND UNDERSTANDING

In Tables 5 and 6, we explore how the audio, video, and agronomist treat-
ments affect farmers’ understanding of SHC recommendations, trust in 
them, and general knowledge of soil fertility and testing. We find significant 
improvements in understanding as well as trust.

Table 5 compares the SHC-only group with audio, video, and agronomist 
treatments. All three treatments dramatically improve the participants’ abil-
ity to interpret fertilizer recommendations from the SHC, with between 36 
and 42 percentage points higher comprehension among treated individuals. 
Of the three treatments, gains are found as being highest in the agronomist 
intervention, followed closely by video and audio.

We also find that farmers in each of the three treatment groups (audio, 
video, and agronomist) are more likely to report trusting recommendations 
compared to those in the SHC-only group. Farmers visited by an agronomist 
are 11.1 percentage points more likely than the SHC-only group to report 
fully trusting recommendations in the SHC, and those played the audio 
or video treatment are 5–7 percentage points more likely to report fully 
trusting recommendations. Those visited by an agronomist are also more 
likely to be willing to enter a lottery wherein, if selected, they would have 
to pay a certain amount of money to have a soil sample from their own field 
collected and tested.19 

19. The monetary amounts vary from `150–250; the cost of the test is `150, but the total 
cost of test, sample collection, and transportation is `250.
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In terms of knowledge, those in the audio, video, and agronomist treat-
ment groups are more likely than the SHC-only group to know which 
fertilizers can add phosphorus, potash, and nitrogen to the soil. While this 
difference is only consistently significant for the agronomist and video 
groups, all point estimates are positive. Pair-wise comparisons between the 
three treatment groups reveal the agronomist visit as having the greatest 
impact on knowledge-related measures. 

We find no evidence that those in the SHC-only group are any more or 
less likely than any treatment group to understand the purpose of soil test-
ing, or that they are more or less likely to know that SHC recommendations 
differ by plot. 

Table 6 reports results of the within-individual specification described 
in Equation (2). As before, we find very positive and significant results on 
participants’ ability to interpret the SHC, with between a 35–40 percent 
improvement in comprehension. The coefficient for trust is positive and sig-
nificant for the pooled sample as well as the audio and agronomist treatment.

To address concerns about multiple hypothesis testing, we create indices 
by averaging all variables separately for understanding, trust, and knowl-
edge, and we assess the impact of treatment on these indices. All treatments 
significantly improve understanding and fully trusting SHC recommenda-
tions, although the trust index for audio and video is insignificant due to them 
not moving a participant’s willingness to pay to obtain a soil test. Video and 
agronomist treatments significantly improve knowledge.

4.2.2. HETEROGENEITY BY LITERACY 
Table 7 explores heterogeneity of results by literacy. One might expect that 
the impact of ICT or in-person extension over only giving the SHC is dif-
ferent for literate and illiterate farmers, as only the former are able to read 
SHCs. Additionally, we want to explore if results are being driven by written 
supplements accompanying the audio, video, and agronomist interventions.

We find that all three interventions positively affect understanding among 
illiterate as well as literate farmers, and trust among illiterate farmers.

Fewer than 4 percent of the illiterate farmers are able to interpret any rec-
ommendation in the absence of audio, visual, or agronomist aids. In contrast, 
comprehension rises by between 12 and 21 percentage points when the SHC 
is accompanied by an ICT-based or agronomist intervention. All effects are 
statistically significantly different from zero (p < 0.01). Farmers exposed to 
the audio, video, or agronomist advice are also more likely to report fully 
trusting SHC recommendations. This effect is about 25 percentage points 
for the audio and agronomist groups, and 17 percentage points for the video 
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group. Only the agronomist intervention moves farmers’ willingness to enter 
a lottery wherein, if selected, they would pay to have a soil test performed 
on their own field.

For this subgroup of illiterate farmers, the audio treatment performs 
best on measures of both understanding and reported trust, followed by the 
agronomist and video treatments. While the difference between audio and 
the other interventions is not statistically significant for all measures, point 
estimates for those assigned to audio are consistently higher. As before, 
knowledge of soil fertility rises in the agronomist group.

Among literate farmers, comprehension of SHC recommendations rises 
between 40 and 55 percentage points, and is significantly greater for all 
three interventions when compared with the SHC-only group. Trust is not 
appreciably affected by being exposed to the audio and video, although it is 
positively affected by an agronomist visit. Unlike the subgroup of illiterate 
farmers, knowledge of soil fertility is positively affected by both video 
and agronomist interventions, and knowledge of the relationship between 
specific nutrients and fertilizers rises among all three treatment groups.

4.2.3. EFFECT OF HIGH/LOW FERTILIZER RECOMMENDATIONS ON TRUST

Table 8 reports differences in trust among those who receive SHCs recom-
mending higher doses of fertilizers than typically practiced by farmers in 
the area, and those who receive SHCs recommending lower doses than 
typically practiced. Each set of recommendations was plausible given the 
soil chemistry in the area.

We are not able to reject the null hypothesis that levels of trust among 
those who receive SHCs with low recommendations are the same as among 
those who receive SHCs with high recommendations.20

4.2.4. LIMITATIONS

We acknowledge a number of limitations of this experiment.

1. Lower bound estimate of baseline understanding: The study likely 
offers lower bound estimates of baseline understanding of SHCs 
among farmers. Participants in our sample were not allowed to consult 
with others when interpreting the SHC, although such consultation is 
likely to occur in real life.

2. Questions administered a different number of times to treatment 
and control group participants: Participants in the treatment groups 
(audio, video, and agronomist) were asked twice to report their 

20. This is an intent-to-treat estimate.
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interpretation of fertilizer doses recommended in the SHC—once 
after just seeing the SHC and once after being administered the 
treatment. They were also asked twice to respond to one question 
pertaining to their trust in these recommendations. Participants in the 
SHC-only group were asked all questions only once. It is possible 
that because participants were able to venture two guesses instead 
of one, they were more likely to get the answer right the second time 
around, although it would be difficult for this mechanism to explain 
the dramatic (30–40 percent) improvement in understanding.

3. Durability of knowledge: Since a participant was involved in the study 
for a total of up to two hours, during which he/she was administered a 
pre-survey, the intervention, and a post-survey, it is unclear whether 
the results related to understanding of SHCs as observed in the audio, 
video, and agronomists groups will endure over a longer time period.

4. Hypothetical trust may not translate into actual adoption: It is unclear 
whether stated trust in recommendations translates into actual adop-
tion of recommendations. Fishman et al. (2016) observe very low 
adherence to SHC recommendations among farmers in Bihar, even 
after in-person extension was employed to explain these recommen-
dations. Because we did not present farmers with their own SHCs, 
we are unable to track how stated trust translates into adoption of 
recommendations. However, an ongoing study with 1,800 farmers 
in Gujarat attempts to answer this very question.

5. A combined treatment: The audio, video, and agronomist treatments 
also included the provision of a supplemental sheet that conveyed the 
results from the SHC in a more user-friendly manner. In our view, this 
is a direct policy relevant intervention, as it would not introduce any 
significant cost relative to simply distributing the SHC. However, it 
means we are unable to identify the effect of ICT-only treatment (e.g., 
in the absence of voice messages in this paper supplement). Ongoing 
work is comparing the effect of the SHC-only to the SHC with the 
paper supplement. We do note that the fact that our intervention has 
important effects on illiterate individuals supports the view that our ICT 
and agronomist interventions do change understanding and beliefs.

5. Audit Study of Agro-dealers

Many farmers seeking advice or guidance, particularly with respect to 
agricultural inputs such as pesticide and fertilizer, may turn to agro-dealers 
for advice. Agro-dealers, who often farm land in the same locality as their 
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customers, observe a number of problems throughout the year and may be 
particularly well-suited to guide farmers. Unfortunately, the evidence on 
the quality of commissions-motivated advice is quite mixed (e.g., Anagol, 
Cole and Sarkar 2016), should sellers seek to maximize profits rather than 
consumer surplus. 

In this section, we describe an audit study of agro-dealers, designed to 
measure the quality of advice provided by input sellers.

In August 2012, a research team from the Institute for Financial 
Management and Research (IFMR) Center for Microfinance conducted an 
audit study of agricultural input dealers in two townships in rural Gujarat—
Chuda and Limbdi. Our surveyors approached every agro-input dealer in 
the area, requesting permission to sit in and observe farmer purchasing 
decisions over the period of a day. Agro-dealers were informed that the 
purpose of the study was to “understand the purchasing patterns of farmers,” 
and agro-dealers were offered a nominal amount (`100) to participate in the 
study. Approximately 90 percent of the dealers agreed, resulting in a study 
with 36 agricultural input dealers.

Accurately measuring the quality of advice is challenging, as both problems 
and solutions are often nuanced and based on local context. To address this 
challenge, we selected surveyors who were very familiar with local farm-
ing and provided them with intensive training, beginning with two days of 
classroom training in our Ahmedabad office. The focus of the training was 
on familiarizing the auditors with the various product names (i.e., pesticides, 
fertilizers, and seeds) and the survey forms, including the inventory sheet, 
and on conducting mock audits. These run-throughs helped the auditors to 
develop listening and recording skills. The final day of training was comprised 
of actual field visits, followed by a half-day debriefing to review the critical 
pieces of information for data collection and to discuss strategies for scrutiny. 

Each visit to an agro-dealer took approximately four hours. The sur-
veyor would find an inconspicuous location, and sit and take notes of all 
conversations between the agro-dealer and his farmer customers. This 
included documenting in writing the agro-dealer/farmer dialogue, and 
covering points such as: the farmer complaint or issue, whether the farmer 
requested a specific product, what further questions the agro-dealer asked, 
and, finally, the advice provided by the agro-dealer to the farmer, including 
the recommended products and dosage. On average, there were 7.3 farmer 
observations per agro-dealer shop, with a maximum of 15 observations and 
a minimum of three observations per shop. An “Additional Comments” 
section was also included, and instructions were provided to the surveyor 
to record more general observations, such as the agro-dealer’s attitude and 
store advertisements.
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Finally, our surveyors conducted an inventory analysis with each agro-
dealer, to collect data on the types of products available in his store. Both 
the type of pesticide and the brand/company name were collected. Survey 
teams later noted that some agro-dealers may have been dishonest in report-
ing some of the products available in their shops. 

Following the collection of the data, we had the recommendations ana-
lyzed by an agronomic expert with several years’ experience providing 
guidance in cotton farming in this area. We instructed him to characterize 
the advice on a scale of 1 to 5, where 1 was “strongly disagree,” and 5 
was “strongly agree,” and also gave him an option to indicate “insufficient 
information” to evaluate the recommendation. 

Figure 5 describes the main results of this study: in 40 percent of the 
instances, our auditing team did not record enough information such that 
the agronomist could characterize the advice as appropriate or inappropriate. 
However, for the remaining cases, the news is not good: our agronomist was 
much more likely to “strongly disagree” (28 percent of the answers given) 
than to “strongly agree” (17 percent of the answers).

Much of the inappropriate advice centered on the recommendation for 
monocrotophos, a toxic pesticide that is not effective against many local 
pests, but which reportedly imparts a green sheen on leaves, leading farmers 
to (mistakenly) believe it enhances fertility. This apparent confusion moti-
vated an undergraduate student at Harvard College to use the audit data, plus 
an additional field experiment, to document that farmers have an erroneous 
mental model, which equates the use of monocrotophos with higher yields 
(even in the absence of pests; Seo 2016).

F I G U R E  5 .  Characterizing the Quality of Agro-dealer Advice
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Source: Authors’ calculations based on their Agro-dealer Survey in Gujarat.
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6. Discussion and Conclusion

The 2017–18 Union Budget (2017–18) increased funding for the agricultural 
sector by 24 percent and set an ambitious goal of doubling farm incomes 
within the next five years. The central government’s SHC scheme is an 
important part of this strategy, with a budget allocation of over US$100 
million over three years, a plan to set up soil testing laboratories in all 648 
KVKs, and a goal to deliver customized fertilizer recommendations to every 
farming household in the country by 2018.

Our study seeks to test and document how the use of ICT might improve 
this specific but quite important undertaking to improve agricultural pro-
ductivity. In our view, the news is mixed.

One of the most important challenges is logistical—we are not in a 
position to comment on the government’s execution, except to note that the 
government appears to be taking a data-driven approach to SHC distribution. 
This includes publishing a live dashboard indicating the number of samples 
taken (over 25 million to date) and SHCs dispatched (over 86 million to 
date), and allowing farmers to track their sample in real time. 

This study delivers the promising news that farmers display high levels of 
willingness to trust SHCs generated by the government. This stands in con-
trast to results from Bihar (Fishman et al. 2016), and more work is required to 
understand what drives these differences. We find that over 90 percent report 
that they would either fully or at least somewhat trust such a card if custom-
ized for their field, while 81 percent report that they would fully or somewhat 
trust such a card even if no KVK worker came to collect their individualized 
soil sample. The latter is particularly promising because the government’s 
current strategy is to collect a single sample for every 10 hectares of un-irri-
gated land and every 2.5 hectares of irrigated land, and interpolated samples 
may play an important role in disseminating information.

Our paper examines several (but not all) steps along a theory of change 
in which soil testing leads to informed farmers, alternative input choices, 
and higher yields (at lower cost). Specifically, we evaluate the accuracy, 
accessibility, and comprehensibility of SHCs.

On the first, a primary finding from our study is that, absent further 
validation, it is very unclear whether providing SHCs will be beneficial 
to farmers. Our findings suggest an important need to cross-validate the 
results of soil tests to ensure that farmers receive consistent, accurate, and 
trustworthy recommendations. While we find low correlation between 
measured nutrient status and fertilizer recommendations in an SHC, and 
in an independent laboratory test for the same plot, we are encouraged by 
the high correlation observed between two different laboratory tests we 
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commissioned for a subset of plots. This indicates that, subject to uniformity 
in sampling technique and a short enough window of time within which 
two samples are collected, results can be at least verifiably consistent. The 
Government of India SHC scheme involves sending 1 percent of the soil 
tests to a higher-level laboratory to ensure the lower-level laboratory results 
are accurate. We might suggest an alternative strategy, which would involve 
sending a separate, independent team to duplicate 1 percent of the soil tests 
and make these cross-validations public.

It is also worth noting that current scientific recommendations being dis-
seminated through the SHC scheme are geared towards maximizing yield, 
which may or may not correspond with maximized profits. Indeed, in other 
settings such as Mali (Beaman et al. 2013) and Kenya (Suri 2011), gains 
from fertilizer use demonstrated on experimental plots do not necessarily 
translate into higher profits for farmers. While beyond the scope of this 
study, the consideration of how recommendations for maximum yield vary 
from those for maximum profits remains an interesting and open question. 
Even so, our findings suggest that getting valid estimates of soil charac-
teristics that remain relevant over time remains an important first step in 
generating any sort of recommendation (to enhance yields or profits).

On the second topic of interpretability and accessibility of the current means 
of information dissemination, we document significant gaps in extension, 
which relies heavily on in-person visits. Only 11 percent of the farmers report 
ever having had soil tests, and about half of this number report having ever 
received a report (though government records suggest Gujarat has achieved 
59 percent of the targeted distribution of SHCs). In the absence of reliable 
information on how to manage soil fertility, farmers tend to rely on agro-deal-
ers and farmer friends for agricultural advice (this pattern is true not just for 
Gujarat, but nationwide). An auditing exercise conducted in Gujarat raises 
some concerns about the quality of advice provided by agricultural dealers, 
who may be incentivized by a profit-maximizing motive, or who might 
themselves not have access to accurate information on appropriate input use.

We find that ICT-based approaches offer a promising complement to a 
strategy of distributing SHCs. When benchmarked against in-person exten-
sion, audio or video supplements delivered with a simplified card perform 
comparably to in-person advice, both in terms of enabling comprehension 
of SHC recommendations and eliciting trust in their accuracy. They perform 
significantly better on both measures than just providing a farmer with an 
SHC. Our experiment also suggests that these approaches might hold par-
ticular promise in reaching illiterate farmers, who comprise 32 percent of all 
the farmers (NSSO 2015). This finding has important implications for the 
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delivery of agricultural information. Recent work in Karnataka has empha-
sized the importance of delivering information to key individuals in a village 
network to enhance diffusion (e.g., Banerjee et al. 2013, 2014). At least some 
ICT-based services, such as Krishi Tarang, enable information-sharing among 
farmers, and there exists the possibility to leverage village networks to make 
information diffusion through ICT even more effective.

Finally, we again acknowledge a range of limitations to our study. First, 
while we make use of national survey data, our most novel findings come 
from a single state, Gujarat, and even more specifically, from a few districts 
within that state. Second, a majority of the farmers in our experiment are 
already receiving mobile phone-based agricultural extension, and so might 
be more accustomed and receptive to learning through ICT-based means 
than members of the general population. Third, our outcomes are short-
term and focus primarily on understanding and on self-reported beliefs and 
attitudes. There is clearly more work to be done to link SHC to changes 
in behavior, and additional work to link behavior changes to yields/prof-
its. In ongoing work, we are conducting a two-year field experiment to 
measure the impact of delivering customized SHCs, along with a series of 
audio messages that will guide the farmer through fertilizer purchase and 
application decisions.
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Appendix I

Soil Sampling Technique

Trained individuals followed government guidelines to collect soil samples. 
Samples were collected from eight different points in a field, selected in a 
zig-zag manner. At each point, they were obtained from a depth of 15–20 
cm by cutting the soil in a “V” shape. The sample thus collected was mixed 
thoroughly and then successively split into smaller quantities until a final 
sample between 250 and 500 gm remained. Samples were bagged first in 
plastic bags and then in a cloth container. They were transferred immediately 
to soil testing laboratories for analysis.

Procedure for Matching Independent Test Results from March to June 
2017, with the Government Soil Health Card Database 

We first matched farmer-plot pairs with their corresponding publicly avail-
able SHC (see Figure A1) using village names and plot survey numbers, 
which are unique identifiers assigned to every plot in a village. Farmers 
from 60 percent of the 1,132 fields we tested reported their survey numbers, 
while 90 percent of the records in the publicly available database contain 
survey numbers. 

A conservative name-matching algorithm was subsequently employed to 
match as-yet-unmatched farmer-plot pairs with corresponding SHC results 
from the government database. From all plots matched by this algorithm, 
we remove all instances of more than one farmer-plot pair from our sample 
that matches with the same record in the government database or different 
records in the government database that match with the same farmer-plot 
pair. All matches were confirmed by hand. In effect, we are left only with 
unique name matches.

The name-matching algorithm described above is predicated on the 
assumption that no two different farmers in the government database have 
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the same first, middle, and last names. To check robustness, we therefore 
also report results after excluding all observations that match by name. There 
are no substantive differences in results with and without this sub-sample.

Through this process, we were able to match 239 (21 percent) fields 
from our sample with the corresponding government test results. Whenever 
a field had more than one test in the government database, we matched it 
with the latest available test result. To these, we added the 54 fields from 
January 2017, making a total of 293 matches. Of these, 52 percent are based 
on the survey number of the field and 48 percent are based on the name of 
the farmer. Over 96 percent of the public data among the matched samples 
is from after 2010.

Tables A1.1 and A1.2 summarize characteristics of the overall sample 
and match characteristics.

T A B L E  A 1 . 1 .  Farmer Characteristics

Farmer Characteristics

Irrigated Unirrigated

(1) (2)

N 437 499
Cultivate only one plot 32.49% 37.68%
Grow cotton 87.84% 82.97%
Of cotton growers: 
Use urea 87.20% 79.32%
Use DAP 81.07% 84.43%
Use MOP 4% 0.50%
Avg. expenditure on urea (per hectare) 1292.42

(1168.58)
925.39

(919.37)
Avg. expenditure on dap (per hectare) 2823.36

(2351.56)
2550.20

(2068.98)
Avg. expenditure on mop (per hectare) 40.11

(216.82)
4.79

(74.64)

Source: Authors’ calculations based on data collected for the experiment.

T A B L E  A 1 . 2 .  Match Characteristics

N 293
Matched by
Survey number 52%
Name 48%
Year of SHC generation
2001-2010 3.07%
2010-onwards 96.93%
Lab test by GSFC or JAU
GSFC 50%
JAU 50%

Source: Authors’ calculations based on data collected for the experiment.
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T A B L E  A 2 .  Geographic Variability in Nutrient Categories and Values

Neighbor Plots Village

N P K N P K

No. of groups (N) 80 80 80 30 30 30
Avg. no. of plots per group 3.04 3.04 3.06 38.2 38.2 38.2
% of groups for which all plots 
in same nutrient category

75.00% 53.75% 46.00% 6.66% 3.33% 0%

Avg. mean – 31.07 307.77 – 31.23 319.37
Avg. sd – 9.90 107.92 – 18.77 164.66

Source: Authors’ calculations based on data collected for the experiment.
Notes: This table depicts geographic variability in nutrient categories. Columns (1)–(3) report on groups 
of neighboring plots, whereas Columns (4)–(6) report of plots within a village. The third row reports the 
percentage of groups for which all plots in the group are characterized as having either low, medium, or 
high levels of N, P, and K respectively. For example, in column (1): among 80 sets of neighboring plots, 
where each set has on average 3 plots with soil test results available, 75% (i.e., 60 sets) have all plots in 
them categorized as possessing the same (high, medium, or low) level of nitrogen. Row 4 reports the mean 
numeric value of nutrients assigned to groups (average of average value assigned to groups) Rnd row 5 
reports the mean standard deviation in this assigned value across groups. Values of nitrogen were in some 
cases reported in organic carbon (if test performed by GSFC) and in other cases were reported directly (if 
test performed by JAU), and are therefore excluded in the numeric reporting.

T A B L E  A 3 .  Standard Fertilizer Recommendations and Fertilizer Cost

Recommendations for 
Irrigated Cotton  

(kg/Hectare) 

Recommendations for 
Unirrigated Cotton 

(kg/Hectare) Cost  
(`/kg)High Medium Low High Medium Low

(1) (2) (3) (4) (5) (6) (7)

Urea (N)^ 600 480 360 196 157 118 6
DAP (P) 136 109 82 54 43 33 22
Muriate of Potash (K) 313 250 188 83 67 50 18

Source: Proceedings of the Twelfth Meeting of Combined Joint Agricultural Research Council of State 
Agricultural Universities in Gujarat, 2015–2016.
Notes: This table reports standard fertilizer recommendations generated by local agricultural universities 
in Gujarat. These recommendations are based on experimental plots cultivated in the region for which 
recommendations are being made. They are adopted at annual meetings of the joint agricultural research 
council (AGRESCO) of Gujarat, i.e. meetings of all state agricultural universities in Gujarat. Our sample lies 
within the Saurashtra region. Columns (1)–(3) report the quantity of fertilizers to be applied in kg/hectare 
on an irrigated plot which has low, medium, and high availability of nitrogen, phosphorus, and potash, 
respectively, which requires high, medium, and low quantities of urea, DAP, and MOP fertilizers. Columns 
(4)–(6) report the analog for an unirrigated plot. Column (7) reports the per kg cost of fertilizers.
^ Urea recommendations are to be adjusted based on recommended values of DAP, as every 100 kg of 
the latter adds 46 kg of phosphorus and 18 kg of nitrogen. Every 100 kg of urea adds 46 kg of nitrogen.
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T A B L E  A 4 .  Quantity and Cost of Recommended Fertilizers

Lab Test Recommendation

N
High  
Use

Medium 
Use

Low  
Use

Avg. Cost 
for Irrigated 

Cotton  
(`/Hectare)

Avg. Cost for 
Unirrigated 

Cotton  
(`/Hectare)

(1) (2) (3) (4) (5) (6)

Urea (N) 290 72.85% 27.15% 0.00% 3142.74 1004.22
DAP (P) 291 49.14% 27.84% 23.02% 2553.15 1014.27
Muriate of Potash (K) 286 11.81% 43.75% 44.44% 4137.98 1104.03

Government Recommendation

N
High  
Use

Medium 
Use

Low  
Use

Avg Cost 
for Irrigated 

Cotton  
(`/Hectare)

Avg Cost for 
Unirrigated 

Cotton  
(`/Hectare)

(1) (2) (3) (4) (5) (6)

Urea (N) 290 32.30% 61.51% 6.19% 2807.4 895.74
DAP (P) 291 39.73% 43.15% 17.12% 2532.30 1004.48
Muriate of Potash (K) 286 9.31% 13.79% 76.90% 3747.37 997.50

Government Recommendation Restricted to Last 3 Years

N
High  
Use

Medium 
Use

Low  
Use

Avg Cost 
for Irrigated 

Cotton  
(`/hectare)

Avg Cost for 
Unirrigated 

Cotton  
(`/Hectare)

(1) (2) (3) (4) (5) (6)

Urea (N) 136 35.29% 62.50% 2.21% 2852.58 912.00
DAP (P) 137 37.23% 56.20% 6.57% 2580.12 1021.64
Muriate of Potash (K) 133 0.74% 10.37% 88.89% 3516.38 936.13

Source: Authors’ calculations based on data collected for the experiment.
Notes: Fertilizer recommendations are based on the available amount—low, medium, or high—of nitrogen 
(N), phosphorous (P) and potash (K) in the soil. Differences in recommended doses of fertilizers in the 
independent lab test results and soil health card created by the government are owing to differences in 
their assessment of available N, P, or K in a farmer’s soil. To calculate average cost per hectare, we first 
estimate the average recommendation in kg/hectare as per prescribed standards linking nutrient status to 
fertilizer use for irrigated versus unirrigated plots (documented in Table A3). We then multiply this average 
recommendation by the cost per kg of the fertilizer (also documented in Table A3) to arrive at average cost 
per hectare. Since DAP provides both phosphorus and nitrogen to soil, whereas urea provides only nitrogen, 
we adjust required quantity of urea based on recommended DAP for every observation prior to calculating 
cost. Source for government soil health cards: http://shc.aau.in/guj/home/soil.
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T A B L E  A 5 .  Cross-validation of Fertilizer Recommendations (Only Keeping 
Observations that Match by Survey Number)

Panel A Fertilizer Recommendation

Nutrient N
Same 

Recommendation

Public Data 
Recommends 

Higher Requirement

Public Data 
Recommends Lower 

Requirement
(1) (2) (3) (4)

Nitrogen^ 151 41.06% 7.28% 51.66%
Phosphorus 151 24.50% 26.49% 49.01%
Potash 149 40.94% 14.76% 44.30%
Panel B Comparison for Unirrigated Cotton

N

Amount of 
Fertilizer  

(Lab Test – Public 
Data) (kg/Hectare)

Cost To Farmer  
(Lab Test – Public 
Data) (`/Hectare)

Difference in 
Cost as % of Avg. 

Farmer Expenditure
(1) (2) (3) (4)

Urea (N) 151 18.60
(28.40)

111.61
(170.40)

12.54%

DAP (P) 151 2.12
(11.57)

46.77
(254.49)

1.84%

Muriate of Potash (K) 149 6.24
(15.28)

112.35
(275.07)

2,382.98%

Panel C Comparison for Irrigated Cotton

N

Amount of 
Fertilizer  

(Lab Test – SHC) 
(kg/Hectare)

Cost to Farmer  
(Lab Test – SHC) 

(`/Hectare)

Difference in 
Cost as % of Avg. 

Farmer Expenditure
(1) (2) (3) (4)

Urea (N) 151 58.10
(86.47)

348.56
(518.80)

26.93%

DAP (P) 151 5.18
(29.37)

114.08
(646.03)

4.04%

Muriate of Potash (K) 149 22.92
(57.24)

412.55
(1,030.25)

1,029.67%

Source: Authors’ calculations based on data collected for the experiment.
Notes: This table restricts the sample to those individuals who match with the government database on 
survey number of their field. Fertilizer recommendations are based on the available amount—low, medium, 
or high—of nitrogen (N), phosphorous (P) and potash (K) in the soil. Differences in recommended doses of 
fertilizers in the lab test results and public data (soil health card created by the government) are owing 
to differences in their assessment of available N, P, or K in a farmer’s soil. Panel A reports the fraction 
of individuals for whom the government soil health card recommends the same, lower, or higher dose of 
fertilizer than the lab test result performed at Junagadh Agricultural University or GSFC. Panel B reports 
average differences in the amount of each fertilizer as well as cost of procuring that fertilizer for a 
1-hectare plot of unirrigated land cultivating cotton. Panel C reports the analog for an irrigated plot of land. 
Source for government soil health cards: http://shc.aau.in/guj/home/soil.
^The rate of similarity in required nitrogen is an upper bound for the rate of similarity in required urea, as 
amount of urea to be applied depends on recommended nitrogen as well as recommended phosphorus. This 
is because every 100 kg of DAP provides 46 kg of phosphorus and 18 kg of nitrogen to soil. Farmers who 
are recommended DAP must thus accordingly adjust urea to supply the remaining nitrogen requirement. 
Every 100 kg of urea provides 46 kg of nitrogen to soil.
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T A B L E  A 6 .  Comparing Lab Test Results with Public Data (Restricting 
Nitrogen Comparison to GSFC versus Government)

All Years

Panel A Fertilizer Recommendation

Fertilizer N
Same  

Recommendation

Public Data 
Recommends 

Higher Requirement

Public Data 
Recommends Lower 

Requirement

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

Nitrogen^ 146 51.37% 15.07% 33.56%

Panel B Comparison for Unirrigated Cotton

N

Amount of Fertilizer 
(Lab Test – Public 
Data) (kg/Hectare)

Cost to Farmer (Lab 
Test – Public Data) 

(` /Hectare)

Difference in Cost 
as % of Avg. Farmer 

Expenditure

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

Urea (N) 146 6.27
(28.29)

37.64
(169.74)

4.07%

Panel C Comparison for Irrigated Cotton

Amount of Fertilizer 
(Lab Test – SHC)  

(kg/Hectare)

Cost to Farmer  
(Lab Test – SHC) 

(`/Hectare)

Difference in Cost 
as % of Avg. Farmer 

Expenditure

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

Urea (N) 146 21.57
(87.36)

129.45
(524.15)

10.02%

Source: Authors’ calculations based on data collected for the experiment.
Notes: Urea recommendations are based on the available amount—low, medium, or high—of nitrogen (N) in 
the soil. Differences in recommended doses of fertilizers in the lab test results and public data (soil health 
card created by the government) are owing to differences in their assessment of available N in a farmer’s 
soil. Panel A reports the fraction of individuals for whom the government soil health card recommends 
the same, lower, or higher dose of fertilizer than the lab test result performed at GSFC. Panel B reports 
average differences in the amount of fertilizer as well as cost of procuring that fertilizer for a 1-hectare 
plot of unirrigated land cultivating cotton. Panel C reports the analog for an irrigated plot of land. Source 
for government soil health cards: http://shc.aau.in/guj/home/soil.
^The rate of similarity in required nitrogen is an upper bound for the rate of similarity in required urea, as 
amount of urea to be applied depends on recommended nitrogen as well as recommended phosphorus. This 
is because every 100 kg of DAP provides 46 kg of phosphorus and 18 kg of nitrogen to soil. Farmers who 
are recommended DAP must thus accordingly adjust urea to supply the remaining nitrogen requirement. 
Every 100 kg of urea provides 46 kg of nitrogen to soil.
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F I G U R E  A 2 .  Soil Health Card Supplement Provided by Study

Source: Authors’ SHC supplement created for the study. 
Note: This is a supplement accompanying the soil health card created for the purpose of the experiment 
described in Section 4 of this paper. It translates fertilizer recommendations for four main fertilizers (urea, 
DPK, potash, and sulphur) from kg per hectare into kg per vigha, a traditional measure of area more easily 
understood in the area, and describes the proper timeline for fertilizer application.

Appendix II

Scripts for Audio, Video, and Agronomist Explanation of SHCs

GENERAL SCRIPTS

Script 1: Introduction (why get soil tested; that there is a relationship 
between nutrients, fertilizers, productivity, and costs)
Namaskar, this is Krishi Tarang agriculture information service. In this 
message, we will talk about soil health management. In a recent survey of 
500 farmers in Surendranagar and Rajkot, we found that over 90 percent 
use some form of fertilizer. Even as fertilizers have become prevalent in our 
farming, we are prone to knowingly or unknowingly use a higher or lower 
amount of chemical fertilizers than is actually advisable. The imbalanced 
use of fertilizers can severely lower productivity, often by as much as 50 
percent. The overuse of certain fertilizers also directly increases our cost 
of production and pollutes both soil and water. Persistent imbalanced use 
of fertilizers affects long-term soil productivity and our earning capacity.

Before starting to grow any crop (like cotton, groundnut, or wheat), it is 
thus essential to plan our fertilizer requirements and application. This is easy 
to do once we know both which nutrients are required for our crop and the 
composition of those particular nutrients in our soil. Fertilizers can then help 
make up for any deficiency in nutrients particular to our soil. For example, 
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if a cotton farmer’s soil is deficient in sulphur, she can add ammonium sul-
phate; if her soil is deficient in nitrogen, she can apply urea; and so on. Local 
universities, like JAU and Anand Agricultural University, have analyzed 
actual farming experiences to develop optimal fertilizer recommendations 
for crops commonly grown by farmers like you in Surendranagar and Rajkot.

The first step to making use of these recommendations is to test our soil 
to identify its nutrient composition. A soil testing report based on our field’s 
soil sample then gives us both the exact availability of different nutrients 
in our soil and, based on this, which and what amount of fertilizers need to 
be applied to it.

In the next message, we will discuss how to sample soil and where soil 
samples can be given for testing. Then, we will discuss how to interpret a 
soil testing report.

Script 2: How to interpret the SHC
Namaskar, this is Krishi Tarang agriculture information service. In previ-
ous messages, we talked about the importance of optimal/proper fertilizer 
application, and how to sample soil and have it tested. Once you have 
submitted a sample for testing, any laboratory will give you a detailed soil 
testing report. In this message, we will describe the information contained 
in this report and how to interpret it. 

A soil testing report provides details on the status of particular nutrients 
in your soil—either low, medium, or high. It also describes the specific 
fertilizer requirements for your soil based on these test results.

Please look at this hypothetical SHC:
On the front of the card, in order of appearance:

1. pH means reaction of the soil,
2. Electrical conductivity (EC) means the amount of salts in the soil,
3. Macronutrients (nitrogen, phosphorus, and potash) essential for crop 

growth and,
4. Micronutrients (sulphur, zinc, and iron), which also promote growth.

On page 2 of the SHC specific fertilizer recommendations for different 
crops are provided based on whether these elements are present in low, 
medium, or high concentration in the soil. For each crop, the specific nutri-
ents (N, P, and K) that you should apply appear in Columns 1, 2, and 3, 
respectively, and the type and quantity of fertilizers that are required for 
these nutrients appears in the last three columns.

For example, urea fertilizers supply nitrogen to the soil, DAP fertilizers 
supply phosphorus, and MOP fertilizers supply potash to the soil.
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Gypsum of sulphur fertilizer provides sulphur to the soil, zinc sulphate 
fertilizer provides zinc, and ferrous sulphate fertilizer provides iron.

The specific recommended fertilizers are the ones on the card, and in the 
quantities also described in the card.

By looking at this soil report, we understand that we apply fertilizers to 
supply certain nutrients that are contained in the fertilizer, that are required 
by our crop, and that are deficient in our soil. We should only apply the 
amount of fertilizer according to the nutrients status in our soil and actual 
requirement. The selection of different brands of fertilizers can be done 
based on its availability in our area and our budget.

SPECIFIC SCRIPTS FOR AUDIO AND VIDEO (SHC)

Script 1
Namaskar, this is Krishi Tarang agriculture information service. In this mes-
sage, we will talk about a hypothetical SHC report and the status of EC, PH, 
and of macronutrients (nitrogen, phosphorus, and potash) and micronutrients 
(sulphur, zinc, and iron) according to that card.

Our key takeaway for this hypothetical report is that the soil is deficient in 
a, requiring the application of more/less fertilizer x. The soil has sufficient 
quantity of b, thus requiring less of fertilizer y.**

Now, as per the soil testing report, EC is low/medium/high (which 
means this soil is normal/salted/highly salted); pH means reaction of the 
soil is normal/acidic/basic.

Macronutrients:

The proportion of nitrogen in this soil is low/medium/high relative to the 
general requirement.

The proportion of phosphorus in this soil is low/medium/high relative to 
the general requirement.

The proportion of potash in this soil is low/medium/high relative to the 
general requirement.

Micronutrients:

The proportion of sulphur in this soil is low/medium/high relative to the 
general requirement.

** Bold-underlined words are dynamically changed according to the report.
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The proportion of zinc in this soil is low/medium/high relative to the gen-
eral requirement.

The proportion of iron in this soil is low/medium/high relative to the 
general requirement.

This was information on the proportion of different macro- and micro-
nutrients in the soil as per this soil test report. In the next message, we will 
talk about recommendations of the macronutrients (nitrogen, phosphorus, 
and potash) and fertilizers required for this crop.

Script 2A (Cotton)
Namaskar, this is Krishi Tarang agriculture information service. In our previ-
ous message, we discussed the status of different macro- and micronutrients 
in the soil according to a hypothetical soil testing report. In this message, 
we will discuss recommendations for different macronutrients (nitrogen, 
phosphorus, and potash) and fertilizer required for an irrigated cotton crop.

According to this soil test report:

The proportion of nitrogen in this soil is low/medium/high, so it is advised 
to apply 50 kg/40 kg/30 kg of nitrogen per vigha for an irrigated cotton crop. 
To achieve this, the soil requires 100 kg/80 kg/60 kg of urea fertilizer per 
vigha during the entire season.

The proportion of phosphorus in this soil is low/medium/high, so it is 
advised to apply 40 kg/30 kg/20 kg of phosphorus per vigha for an irrigated 
cotton crop. To achieve this, the soil requires 70 kg/50 kg/40 kg of DAP
fertilizer per vigha during the entire season. 

The proportion of potash in this soil is low/medium/high, so it is advised 
to apply 50 kg/40 kg/30 kg of potash per vigha for an irrigated cotton crop. 
To achieve this, the soil requires 60 kg/50 kg/40 kg of potash fertilizer per 
vigha during the entire season.

This was the information on macronutrients for a hypothetical soil 
sample. In the next message, we will talk about recommendations for 
micronutrients (sulphur, zinc, and iron) and the fertilizers necessary for an 
irrigated cotton crop.

Script 2B (Cotton)
Namaskar, this is Krishi Tarang agriculture information service. In our previ-
ous message, we discussed recommendations for using macronutrients and 
fertilizers according to a hypothetical soil testing report. In this message, we 
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will discuss recommendations for different micronutrients (sulphur, zinc, 
and iron) and the fertilizer necessary for an irrigated cotton crop.

According to this soil test report:

The proportion of sulphur in this soil is low/medium/high, so it is advised 
to apply 15 kg/12 kg/10 kg of sulphur per vigha for an irrigated cotton crop. 
To achieve this, the soil requires 15 kg/12 kg/10 kg of sulphur fertilizer 
per vigha at the time of sowing.

The proportion of zinc in this soil is low/medium/high, so it is advised to 
apply 10 kg/08 kg/07 kg of zinc per vigha for an irrigated cotton crop. To 
achieve this, the soil requires 10 kg/08 kg/07 kg of zinc sulphate fertilizer 
per vigha at the time of sowing.

The proportion of iron in this soil is low/medium/high, so it is advised to 
apply 25 kg/20 kg/16 kg of potash per vigha for an irrigated cotton crop. 
To achieve this, the soil requires 25 kg/20 kg/16 kg of ferrous sulphate
fertilizer per vigha at the time of sowing.

Script 2C (Cotton)
Namaskar, this is Krishi Tarang agriculture information service. In our previ-
ous messages, we spoke about the status and recommendations for different 
macro- and micronutrients according to a hypothetical soil testing report, 
and the type and amount of fertilizers that would be necessary based on 
this soil test report. In this message, we will talk about which fertilizers are 
required as a basal application at the time of sowing an irrigated cotton crop.

At the time of sowing (as basal application) for an irrigated cotton crop, 
the soil requires:

Urea fertilizer: 10 kg per vigha
DAP fertilizer: 8 kg per vigha
Potash fertilizer: 20 kg per vigha
Sulphur fertilizer: 5 kg per vigha
Zinc sulphate fertilizer: 2 kg per vigha
Ferrous sulphate fertilizer: 3 kg per vigha

Please calculate the total amount of these fertilizers required by multiply-
ing these amounts with the area (number of vighas) for sowing your irrigated 
cotton crop. This is the total amount of fertilizer needed to be applied at the 
time of sowing.
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Comments and Discussion*

Pramod K. Joshi 
International Food Policy Research Institute

I would like to congratulate Shawn Cole and Garima Sharma for an excel-
lent paper. It is different from the papers generally written by agricultural 
economists. IFPRI also did an interesting study in Bihar on soil health cards, 
but our results were not very encouraging. 

The fertilizer sector is receiving considerable attention from the govern-
ment and also from researchers. One reason for this is that it is adding to 
our fiscal deficit as huge subsidies of around $11 billion are going to the 
fertilizer sector, and the government is exploring ways to save this large 
subsidy. The second reason is the imbalanced use and often over-use of 
fertilizers, especially nitrogenous fertilizers. This is polluting and degrad-
ing our precious soil and water resources. Third, it is also contributing to 
greenhouse gas emissions. In India, agriculture contributes roughly 20 per-
cent of greenhouse gas emissions, a large part of which is due to fertilizers 
and rice crops. Therefore, there is a need to cut fertilizer consumption to 
help reduce greenhouse gas emissions. Fourth, the overuse of fertilizers is 
adversely affecting human health.

The government is taking various initiatives to improve the efficiency 
of fertilizer use. Recently, it initiated a new fertilizer pricing policy. Direct 
benefits transfer is another area that has been receiving a lot of interest as 
a way of reducing leakages and shifting subsidies to the end user. Several 
pilot projects are in progress in this sphere. Another initiative is the use of 
neem-coated urea to improve fertilizer-use efficiency by reducing leakages 
and leaching. IFPRI is undertaking a study on the informal trade in fertilizers 
between India and Nepal; you would be surprised to note that in a few years, 
roughly 70 percent of Nepal’s fertilizer requirement will be met through 
this informal trade from India to Nepal. The latest initiative is the flagship 

* To preserve the sense of the discussions at the India Policy Forum, these discussants’ 
comments reflect the views expressed at the IPF and do not necessarily take into account 
revisions to the conference version of the paper in response to these and other comments in 
preparing the final, revised version published in this volume. The original conference version 
of the paper is available on www.ncaer.org.
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program of the Government of India on soil health cards, which was first 
introduced in Gujarat, and later introduced as a national program when the 
new government came to power. Considerable resources are being used to 
test soils for nutrient management under this program, which represents a 
new approach being implemented on a large scale in Indian agriculture.

The study by Cole and Sharma adds to our understanding of the role of 
ICT and its linkage with soil health cards. This study and the underlying 
innovation can help us assess and enhance the progress of digitization in 
the agriculture sector, where digital applications are still very weak. The 
study leads to two broad conclusions. The first is that when soils were first 
tested by the authors and then separately by the government department, 
there was a very weak correspondence between the two soil tests. The farmer 
recommendations from the government agencies were also, therefore, dif-
ferent from those of the authors. It is important to identify the reasons for 
this discrepancy. While the government is equipped to carry out a large 
number of soil tests, civil society organizations or the farmers themselves 
are not. The reasons for these discrepancies are not clear. Do they stem 
from the methodology or the sampling procedures? A lot of factors could 
be responsible for the different recommendations emanating from these soil 
tests. The discrepancies between different tests therefore need to be flagged 
and brought to the notice of the authorities. 

The second issue is the premise that we have poor extension agencies. 
Roughly one extension person has to attend to around 1,000 or more farm-
ers, which is a difficult task. Recent NSSO reports reveal that the major-
ity of farmers are accessing information from other progressive farmers, 
who are linked themselves with extension agencies like the Krishi Vigyan 
Kendras and state Agriculture Universities. The majority of farmers are not 
directly in touch with extension personnel, and this gap can be bridged by 
the use of ICT. The study identifies the following four ways of using the 
power of ICT for providing useful information to the farming community: 
(a) soil health card recommendations; (b) audio messages; (c) video mes-
sages; and (d) visits by an expert, especially an agronomist. 

In the case of soil health cards, it was found that there was no difference 
in the application of fertilizers, irrespective of whether the farmer had a 
soil card or not. There are three broad reasons for this. First, farmers do not 
comprehend the idea of individual, soil-based, nutrient management as they 
usually use generic fertilizer recommendations, which are easier to follow. 
Second, there is lack of trust among farmers on the recommended doses of 
nutrients. Third, farmers fear that a reduction in the application of fertilizers 
would lead to loss of productivity and yields.
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I feel that there may be five more reasons for farmers not accepting 
recommendations concerning the use of fertilizers. First, these recom-
mendations are based on agronomic trials, which give recommendations 
for maximizing yields, as, for example, in a case where the marginal 
physical productivity in the production function is zero and where 
productivity is the highest. The experiments are conducted in a very 
precise environment on very small plots of, say, 3 meters × 3 meters, or 
a maximum of 6 meters × 6 meters. In contrast, farmers have large plot 
sizes. Second, they seek to maximize not yields but profits, and thus 
incorporate the prices of both fertilizers and outputs. Third, farmers have 
their own response function, which is much less than the agronomists’ 
production function or response function due to the size of the holding, 
resource endowments and socio-economic characteristics. Therefore, 
farmers ignore the recommendations of researchers and agronomists/
economists. The fourth reason why farmers ignore recommendations is 
the financial constraints faced by them, especially small and marginal 
farmers, who do not have access to credit. The final reason is that farm-
ers also constantly face risks stemming from frequent droughts, floods. 
or sudden rainfall, and they do not invest in the recommended resources 
to be able to cover these risks.

This Cole–Sharma study includes the use of ICT (both audio and video) 
and agronomists’ visits to farmers’ fields. It is important to note that these 
treatments are improving the use of fertilizers. Our IFPRI study showed 
that one or two visits by experts did not make any difference and that more 
frequent visits were required to convince farmers to invest appropriately 
in fertilizers. We thus need to develop a strategy for improving farmers’ 
perceptions about test-based soil nutrient management, including the use 
of audio and visual aids for persuading farmers to implement fertilizer use 
for enhancing their productivity and profitability. 

The results are very interesting and very promising. Going forward, we 
need to think differently about the innovative uses of the soil health cards, 
and how to sensitize farmers to the quality of their soils. One question is 
whether we should go with the individual farmer’s soil health card or think 
collectively. Another question is how to incorporate in these studies the farm 
yard manure, organic fertilizers, and compost—which contain nitrogen, 
phosphorus, and other nutrients—that a majority of the farmers use since 
they are genuinely concerned about their soil. These practices do not get 
incorporated in most of these studies. 

It is good for individual farmers to have a soil health card that tells 
them about their soil. But simultaneously, soil fertility maps should also 
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be used. We already have access to high-resolution soil fertility maps pre-
pared by the Indian Council of Agricultural Research in collaboration with 
the National Bureau of Soil Survey and Land Use Planning. These maps 
provide information on how much nitrogen, phosphorus, zinc, and other 
nutrients are contained in the soil. If these fertility maps show that there is 
not much difference in soil fertility between adjoining fields in one village, 
then they can be used for generic recommendations: it does not make a big 
difference if 5 kg more or less fertilizer is applied. Therefore, we can make 
generic recommendations that are more likely to be adopted by the farmers 
with fields in those areas. For example, we could have four clusters in one 
village, and make recommendations for each cluster that are more likely to 
be adopted. We need pilot studies in these areas on promoting the use of 
soil maps, and making comparisons between the impact of generic recom-
mendations based on soil maps and individual recommendations based on 
farmers’ soil health cards. 

Second, all these experiments have shown that giving soil health cards 
alone is not making much of a difference. We need to link soil cards with 
extension, either through ICT or in person, with government programs 
involving frontline and farm demonstrations. We can demonstrate to farmers 
that the productivity losses they fear using soil health cards are not likely. 
We can link farm demonstrations that are already routine with soil health 
cards to change farmers’ perception. Once they see with their own eyes that 
productivity will not decline, they are more likely to adopt the soil card-
based recommendations.

The third issue is of nutrient management based on crop performance. 
Plant leaves can clearly reflect the deficiency of nutrients. CIMMYT has 
developed a leaf color chart showing how plants reflect nutrient deficiency 
based on the color of the leaf at every stage of growth and varying with the 
nutrients. Anyone with an agriculture background should be able to identify 
the deficient nutrient in the soil by looking at the plant, which also helps 
in recommending how much fertilizer (or nutrient) needs to be applied to 
overcome the deficiency. This is a very cost-effective method, and I propose 
that the authors add this in their next study.

Fourth, we need more research on developing simple, farmer-friendly 
tools and apps that can monitor soil health. The final point is about the role 
of the private sector. The government has already done enough to promote 
this approach, and the private sector should now take it forward by devising 
soil tests in the future. I fully agree with the authors that we should harness 
the power of ICT in this respect. 
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Sachid Madan 
Technico-Agri Sciences Ltd, ITC

We all are aware of the current rural distress, and anything and everything 
we can do to improve the situation is useful. Since physical agri-extension 
is difficult to provide, ICT would be the preferred route. In keeping with 
the paper’s title, with so much attention being focused on ICT in agriculture 
globally, we have been looking at farmers doing everything themselves, as 
in the case of the self-driven tractor, and the use of electrophotoscopy to 
look for all kinds of diseases in plants and soil. Although there are not too 
many success stories yet, hopefully, they will emerge. So, I am very happy 
that you have taken this up. 

In talking about fertilizers, we certainly worry about the excess applica-
tion of fertilizer and also the misapplication of fertilizer. But between 1970 
and now, we have moved from being a country not able to feed its people 
to a situation where our farmers are actually producing enough to export 
and even have a surplus. So that fertilizer is getting used somewhere. 
But perhaps the efficacy of the fertilizer is coming down, and the reason 
is that our farms are now getting over-farmed. Therefore, soil nutrition 
and the use of farm manure are falling, and the need for extra chemical 
fertilizers is going up.

There is certainly a misapplication, as Dr Joshi mentioned. The farmer 
is maximizing his profitability like any entrepreneur. If he is getting 
something cheap, he is using it. But when we talk about yields and yield 
gaps, what we sometimes forget is that in the United States there is one 
crop, a summer crop that is exposed to considerable day length, whereas 
in Punjab, there are three crops. So, along with yield gaps, we need to 
look at the amount of sunlight that the crop gets, the number of days that 
the crop grows, and so on. 

The soil health card is a bold new initiative, and we need to see its impact. 
This paper has come at an appropriate time, when so much money is being 
put behind soil health cards. First, let me start with the basic premise of how 
good soil health cards are. However, the authors’ conclusion, like our own 
work, shows a lot of gaps in this initiative, which could be because these 
are early stages of the initiative or because somebody is not doing their job 
right. There are gaps also because farmers do not yet trust the soil health 
cards. We have also seen gaps when an acidic soil is shown to be alkaline. 
This becomes a little disconcerting, and therefore, it is something we need 
to work on. 
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The authors’ finding that 11 percent of farmers have reported soil sam-
pling and only half have received soil cards is at variance with the govern-
ment’s claims that this figure is 66 percent. As the authors have pointed out 
in the paper, the government realizes that errors can creep in and suggests 
a 1 percent audit of the soil health cards. I think the authors have rightly 
suggested that this audit should be done by an independent agency, and the 
data checked and then put into the public domain. We look forward to seeing 
this data because once that comes in, the rigor of the soil card will improve. 
Obviously an ICT initiative that is dependent on the soil card cannot be good 
if the soil card itself is not good. 

Second, a lot of the standard recommendations for farmers used with 
the soil fertility cards were made several years ago by universities when 
soil health itself and farm productivity were very different. No field tests 
have been done since then. As we know, the amount of output is based on 
the amount of fertilizer that gets applied. Since productivity has changed, 
we have found in our experience, based largely in North India, that the 
recommendations are for lower applications than what is actually being 
used on the ground. Since there is divergence across India, I think these 
recommendations ought to be brought up to date. 

The process of using a soil health card is also very complex, almost like 
visiting a doctor who gets tests done and then looks at the clinical symptoms. 
Sometimes we need to look at other symptoms, for example, if the acidity 
of the soil is high, the fertilizer recommendation would be very different. If 
the soil is sandy and not heavy, the recommendation on fertilizer has to be 
different and has to be adjusted for these factors. 

The next area is that of trust, and I think the authors have covered that 
very well. I think they also mention that if farmers are skeptical about the soil 
health card, the trust level is declining. This lack of trust is understandable 
because for the farmer, this is his livelihood. You are asking him to change 
something and he is concerned as to whether this change is going to get him 
a good crop or not. Clearly, if you are talking about giving advice to another 
person as compared to advice for your own farm, it is going to be vastly 
different. That is why the next stage, with the next sample of 1,800, is what 
will drive the action. We also need to be very sure that we are making the 
right recommendation so that the poor farmer is not impacted in any way. 
But the level of trust will be very different when it is his own farm, and 
therefore achieving the 90 percent level that we are talking about would be 
very difficult. Hence, we are really looking forward to the findings of the 
authors’ ongoing study of 1,800 farmers, and the learnings from this will 
give us a lot more, going forward.
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General Discussion

Kirit Parikh wanted to know if the authors had assessed the gain in terms 
of yield or profit, and whether they had taken into account the impact of 
weather. He asked why profitability was being ignored in the yield experi-
ments being carried out by agronomists on farmers’ fields. The agronomists’ 
recommendations seemed to be based on simple fertilizer trials in these 
experiments. He referred to a study undertaken in eastern Uttar Pradesh 
by the Integrated Action for Research and Development, which found that 
smaller farmers were putting in more fertilizer and getting less yield, and 
that part of the problem was the excess fertilizer available in the 50-kg bags 
for which they had no use. He said that the use of generic data from the land 
survey’s soil quality map prevents farmers from accessing specific data they 
might need for their individual fields. 

Rajnish Mehra queried if any reliable independent tests were being 
conducted for soil cards. He referred to some studies conducted by Esther 
Duflo and co-authors on the returns to fertilizers, but said that no concrete 
information on returns is available in these studies. 

Rohini Pande raised questions about the quality of the data available 
from testing. She said that the takeaway from the paper is that the program 
for using the ICT platform should not be expanded before more details are 
available about the soil health cards. 

Devesh Kapur narrated his experience of a past experiment with farm-
ers in southern Karnataka wherein they would take pictures with their cell 
phones of plants and an AI program in the phone would automatically diag-
nose the health of the crop. But farmers lost interest in the experiment when 
a drought wiped out their crops. Hence, it is important for micro studies to 
consider the challenges of Indian agriculture faced by farmers across the 
country such as the vagaries of the weather, procurement issues, and fixing 
of the minimum support price. 

Mihir Desai suggested that the authors should first determine the prob-
lems that can be solved by the use of ICT in agriculture. For instance, it may 
help in countering the problem of illiteracy among farmers or in delivering 
expertise, but it may not be an answer to other underlying problems such 
as mis-measurement, or unreliable soil testing. 

Rakesh Mohan alluded to his own past work on the productivity of 
extension, and how the use of ICT could help improve the osmosis of 
information within the farmer community, as farmers tend to rely more on 
word-of-mouth advice from other farmers than on experts. He also said that 
extension works best for farmers in the middle-level size category rather than 
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for progressive and large farmers or very small and marginal farmers who 
are too far down the scale to be able to optimally utilize the information. 

Karthik Muralidharan questioned the basis for the decision to undertake 
large-scale upscaling of the ICT program without first taking care of the 
fundamentals or identifying the variables that need to be measured in such 
a program. 

Dilip Mookherjee asked if the program would have any effects on yields, 
profits, and other outcomes. According to him, the main challenge is one of 
designing the experiment in a way that would take into account pitfalls such 
as mis-measurement, heterogeneity of the farmers, the manner in which they 
process the information, and the issues of social learning and risk aversion. 
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1. Introduction

Cities are widely believed to be engines of economic growth and good 
jobs. In this context, the urbanization process under way in India is 

good news. According to data from the Census of India, the share of India’s 
population residing in urban areas increased from 20 percent in 1971 to 31 
percent in 2011, with the urban population of 377 million representing the 
second largest urban community in the world. All expectations are that the 
process of urbanization in India will continue, if not accelerate, with various 
models suggesting that the country might add another 400 million people 
to its cities by 2050 (United Nations 2014). However, the link between 
urbanization and economic dynamism is not assured, and a number of urban 
experts have raised concerns about the nature of urbanization underway in 
the developing world. For example, Gollin, Jedwab, and Vollrath (2016) 
bring up the case of two cities, Shanghai and Lagos. Both are large cities in 
countries with similar urbanization rates. However, it is highly unlikely that 
their potential to deliver on better economic outcomes for their residents is 
the same. Similar concerns are raised by Henderson (2014).

In India’s case, several commentators have noted that the potential of 
its cities and towns to spur economic activity may not be met fully due to 
several factors, including limited investment in infrastructure, the prev-
alence of unsynchronized spatial and economic planning systems, and 
suboptimal land-use management (Ahluwalia, Kanbur, and Mohanty 2014; 
Mathur 2016; McKinsey Global Institute 2010). Thus, while India’s cities 
may continue to grow in terms of population, whether they will fulfill their 
potential as engines of growth and generators of productive and well-paying 
jobs—good jobs, for short—remains to be seen.

In this paper, we carry out several exercises to shed light on India’s 
urbanization process by combining information on city (and town) char-
acteristics from three main sources of data: the 2001 and 2011 population 
censuses, which provide demographic, amenities, and infrastructure-related 
information; the 1998 and 2013 economic censuses (ECs), which provide 
information on the structure of economic activity; and the geographic infor-
mation system (GIS)-enabled road network data, which is used to construct 
transport connectivity and market access (MA) measures. Our main objec-
tive is to understand the determinants of urban success, understood as not 
simply reflecting city population growth, but also cities’ ability to provide 
better jobs to urban residents. This enables us to say something about the 
conditions under which India’s urbanization will be growth-promoting and 
will generate more productive and better-paying jobs.
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The first exercise we carry out examines the determinants of population 
growth in Indian cities between 2001 and 2011. Compared to the previous 
literature, our main contribution is to focus on cities as the unit of analysis 
and consider a relatively wide range of determinants of city growth, includ-
ing cities’ economic structure and infrastructure, connectivity to other cities 
and MA, and human capital. Second, we examine the association between 
these determinants and city-level employment in firms with 10 or more 
workers, which we take to be a proxy for good jobs. Finally, we carry out a 
preliminary assessment of whether cities in Indian states with more flexible 
labor and urban land regulations see faster growth of employment. 

We find a positive association between various dimensions of economic 
activity and population growth of cities, emphasizing the importance of 
cities as centers of production. We also find connectivity between cities 
to influence city growth. We further find that the factors that contribute to 
population growth are also associated with our proxy for good jobs, espe-
cially in cities with a population of less than 100,000 (also referred to as 
towns in official census documents). Finally, employment growth, especially 
that driven by firms with 10 or more workers, tends to be larger in cities 
belonging to states with more flexible labor and urban land regulations. 
While the causal interpretation of our results is tentative at this point of 
time, we believe that the analysis contained here is useful in building a set 
of stylized facts about Indian urbanization and in pointing to the need for 
Indian policymakers to look at the urbanization process underway in India 
as an unprecedented opportunity for generating higher economic growth 
and creating good jobs.

The remainder of this paper is organized as follows. Section 2 motivates the 
need for understanding the drivers of city growth and jobs, and discusses the 
related literature. Section 3 provides a discussion of our data and the empir-
ical framework we use to analyze various aspects of urban growth. Section 
4 describes the results of our analysis while Section 5 concludes the paper.

2. Urban Growth

2.1. Urbanization and Development

Historically, urbanization has played a crucial role in generating economic 
growth and has been central to the development process. Industrialization 
has been a crucial link between urbanization and growth, with cities being 
the locations where factories clustered and prospered. The urbanization 
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underway in the developing world appears to be different. In particular, 
while developing a country, cities are expanding and getting denser, defi-
ciencies in infrastructure investments—including in transport connectivity 
both within cities as well as across other cities and locations—sub-optimal 
land-management systems, and uncoordinated economic and spatial plan-
ning seem to be making it difficult for cities to thrive economically and to 
address the negative externalities that can arise with growing population 
and density (Glaeser and Henderson 2017).

Similarly, though many developing countries are becoming highly 
urbanized, they lack large industrial sectors. Gollin, Jedwab, and Vollrath 
(2016) find that the historically tight relationship between urbanization 
and industrialization breaks down for much of the developing world. They 
draw a distinction between “consumption cities,” where a larger fraction 
of workers are employed in nontradable services, and “production cities,” 
where a larger fraction of workers are engaged in manufacturing or in 
tradable services. They note that the nature of urbanization may well have 
implications for the subsequent role of urbanization in driving growth and 
job opportunities. For example, Shanghai and Lagos are cities in countries 
with similar urbanization rates, but with probably very different potentials 
for driving growth.1 

In a nutshell, while developing country cities may be drawing more and 
more residents and getting larger, whether they are doing so in a manner 
that enables cities to play their role as engines of growth, and generators of 
productive and well-paying jobs is unclear.

Similar concerns have been raised about the urbanization process in India. 
According to the McKinsey Global Institute (2010), Indian cities have been 
spending only around $17 per capita on urban infrastructure versus their 
benchmarked needs, estimated at $100 per capita. Similarly, restrictive 
regulations on land use and building regulations, including very low floor-
area ratios, seem to have made urban land artificially scarce, especially 
in the most economically dynamic cities (Brueckner and Sridhar 2012; 
Clarke Annez et al. 2014; Sridhar 2010a). And, notwithstanding the 74th

Constitutional Amendment of 1992, aimed at revitalizing and strengthening 
urban governments, India’s urban governance framework continues to be 
characterized by a lack of empowered city officials who are incentivized to 
promote rapid local economic development.

1. Gollin, Jedwab, and Vollrath (2016) note that cities can switch from being of one type to 
another. For example, cities such as San Francisco, Denver, and Houston could be considered 
“consumption cities” in the past. But over time, they have developed into “production cities”.
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Finally, the broader policy environment may not be supportive of the 
development of economically dynamic cities. To the extent that urbaniza-
tion–industrialization linkages matter for urban success, the policy obstacles 
to industrial development may lead Indian cities to lack an economic base 
that fosters dynamism. In the Indian context, rigidities in labor regulations 
are widely believed to have constrained the growth of Indian manufacturing 
(Panagariya 2008). Further, it is believed that India has some of the most 
onerous land-use restrictions in the world, including restrictive floor-area 
ratios, and complex and time-consuming processes for conversion of land 
to different uses (Brueckner and Sridhar 2012; Clark Annez et al. 2014). 
Together, restrictive labor and land-use regulations are particularly likely to 
be binding constraints on industrial investment in cities as opposed to rural 
areas, abetted by poor city-level infrastructure and connectivity.

In summary, Indian cities, or at least some subset, may well be consump-
tion cities and not production cities, using the language of Gollin, Jedwab, 
and Vollrath (2016). They may be absorbing more and more residents, but 
are not necessarily providing the conditions for the emergence of more 
dynamic firms and jobs.

2.2. Understanding City Growth: Recent Literature

While there is a large literature that looks at the determinants of urban growth 
(see Duranton and Puga 2014), the literature on the determinants of city 
growth in a developing country context is more limited. Understanding these 
determinants is, however, important for various reasons (Duranton 2016a). 
First, the infrastructure needs of cities are massive. An understanding of 
which types of cities are likely to grow most rapidly can inform policymak-
ers as they decide on how to allocate scarce funds for investments in urban 
infrastructure across urban centers and types of cities. Second, understanding 
what types of factors are more or less important in driving city growth—
along with a sense of how these affect development outcomes at the city 
level (e.g., wages and job opportunities)—can inform policymakers about 
what types of investments and interventions are needed. As noted above, the 
cross-country evidence clearly indicates that there is considerable diversity 
in the urbanization process underway across the developing world. Cities 
that are growing due to their role as centers of consumption, with the main 
engines of economic activity located elsewhere, may need different types 
of investments and interventions to improve living standards and serve as 
future engines of growth, as compared to cities that are primarily centers 
of production.
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Perhaps the most comprehensive study on the determinants of city growth 
in a developing country is that of Duranton (2016b), who assembles a large 
and comprehensive dataset on Colombian cities. Focusing on city growth 
from 1993 and 2010, he argues that Colombian cities are best viewed as local 
labor markets. Cities that offer higher wages grow more, with high wages 
themselves driven by conditions in local labor markets and, to some extent, 
a more educated workforce. City roads also matter, most likely because 
better city-level transport infrastructure benefits commuters going to work.

Another notable study is that by da Mata et al. (2007), who construct 
a dataset of 123 Brazilian agglomerations to examine the determinants of 
Brazilian city growth between 1970 and 2000. They find that city growth is 
positively influenced by reductions in intercity-transport costs, increases in 
market potential for goods, and better labor force quality. Decreases in rural 
income opportunities also foster city growth while local crime and violence 
detract from city growth. 

The literature on the determinants of growth of Indian cities is quite 
sparse, though it is growing. Sridhar (2010b) examines the determinants of 
urban population growth as well as urban economic output mainly at the 
district level, which as administrative subdivisions of Indian states usually 
cover around 5,500 km² of rural and urban area, and, based on the 2011 cen-
sus, on average have around eleven cities and towns.2 Sridhar finds that at the 
district level, a higher proportion of manufacturing to service employment, 
proximity to large cities, and primary school coverage per population are 
associated with larger urban populations. As for the growth of district-level 
urban population, a key finding is that higher temperature differences (a 
proxy for unfavorable climatic conditions) do not discourage growth. (As 
for urban output, a higher literacy rate and a greater share of manufacturing 
employment, relative to services across cities and towns that constitute the 
urban district, are associated with higher non-agricultural output per capita. 
This suggests that the nature of economic activity that residents are engaged 

2. While urban output is captured by non-agricultural net district domestic product for dis-
tricts belonging to eight of India’s states in 2003–04, the analysis of urban population growth 
is based on aggregating city- and town-level information from the census town directories 
for 2001 and 1991 published by the Census of India. The determinants include district-level 
averages of city/town-level indicators of human capital (e.g., literacy rates), climatic conditions 
(temperature differences), distance to the nearest large city (with population of 100,000 or 
more), road length per 1,000 people, and the ratio of manufacturing to services employment. 
Some of Sridhar’s analysis is conducted at the city level, for which a measure of land use 
controls as captured by the urban land ceiling legislation is also introduced in accounting for 
the size of cities in 2001 and population growth in cities from 1991 to 2001.
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in, and not just population growth, is important to consider when thinking 
about what constitutes urban success.)

At the city level, Sridhar (2010b) finds that population growth is faster 
in cities with manufacturing rather than agriculture as their economic base, 
and where there have been reforms relaxing the strong land use controls 
associated with the Urban Land Ceiling Regulation Act (ULCRA), consis-
tent with the view that these have detracted from city growth by artificially 
creating a scarcity of urban land.

Further city-level analysis of how the city shape and the spatial dimen-
sions of land use and land-management-related policies affect city popu-
lation growth is provided in Sridhar (2010b) and Harari (2016). Sridhar 
(2010b) finds that ULCRA and building height restrictions imposed through 
floor-area ratio restrictions limit the population that can be accommodated 
by a city and encourage sub-urbanization. Harari investigates how city 
shape affects the location choices of consumers and firms. Consistent with 
it being a consumption amenity, cities with more compact shapes are found 
to be characterized by larger populations (as well as lower wages and higher 
housing rents). Building height restrictions exacerbate the modeled welfare 
costs of poor city shape, while road infrastructure mitigates it.

2.3. Related Literature: Cities and Economic Dynamism

There are a large number of studies that consider whether and how cities 
might contribute to economic dynamism, though most focus on developed 
country experiences (see Duranton 2014 for a detailed review of the lit-
erature). One way to study the link between urbanization and growth is to 
examine the effects of cities on wages and/or productivity. The evidence, 
mostly from developed countries and based on estimating the elasticity 
of wages or firm productivity, with respect to city employment or urban 
density, suggests that larger cities offer workers jobs that allow them to be 
more productive (Duranton 2014).

In the case of India, Chauvin et al. (2017) and Hasan, Jiang, and Rafols’ 
(2017) examination of the size of agglomeration economies associated with 
urban locations yields a mixed picture. While the urban district-level anal-
ysis of Chauvin et al. yields elasticities of nominal wages to urban density 
of around 7–8 percent, Hasan et al.’s analysis at the city level, but using a 
proxy measure of average city-level wages, suggests lower elasticities. Using 
data from Indian manufacturing, Lall, Shalizi, and Deichmann (2004) find 
a weak relationship between urban density and firm performance using the 
district as their locational unit of analysis. 



248 IND IA  POL ICY  FORUM,  2017–18

Another rationale for the existence of urban agglomeration (UA), that 
is, more intense input-output linkages, thicker local labor markets, and 
deeper and wider knowledge spillovers, is that larger cities may encourage 
innovative activities and entrepreneurship. Cities’ role in fostering entre-
preneurship, usually measured by average establishment size and age, may 
be particularly important in both developed countries and developing ones.3

Glaeser et al. (1992) find a strong correlation between growth in a US city 
and sector over a period of time, and the presence of small establishments 
in that city and sector at the beginning of the period. Extending Glaeser et 
al. (1992), Faberman (2011) shows through correlations and ordinary least 
squares (OLS) regressions that, on average, high-growth cities have relatively 
younger establishments (less than five years old). Furthermore, Glaeser, 
Kerr, and Kerr (2015) address causality concerns in estimation and show that 
entrepreneurship (as defined by start-up employment shares) positively affects 
city growth. The literature is thinner for developing countries. A study that 
examines the relationship between entrepreneurship from a spatial dimension 
for India—albeit at the district level and not at the city level—is that of Ghani, 
Kerr, and O’Connell (2014), who find entrepreneurship in the services sector 
(as captured by the level of employment in rural or urban firms less than three 
years old) to respond more than proportionately to district population. In the 
case of manufacturing, supportive incumbent industrial structures for input 
and output markets are strongly linked to higher establishment entry rates.

Infrastructure, especially transport infrastructure, is likely to be an 
important influence on how incomes evolve within and across cities. Indeed, 
transport infrastructure is especially important for the evolution of urban 
systems—that is, groups of cities interconnected economically. Lall, Wang, 
and Deichmann (2010) examine how both local infrastructure (availability 
of municipal roads, street lighting, water supply, and drainage) as well 
as national infrastructure (proximity to international ports and highways) 
improve city competitiveness, measured as the city’s share of national 
private investment. They find the latter to have a larger effect on a city’s 
attractiveness for private investment. Alder, Roberts, and Tewari (2017) 
exploit changes in transport infrastructure that have led to reductions in 
travel time from 1996 to 2011 to examine how changes in MA (i.e., how well 

3. The literature for developed countries provides evidence that cities affect the propensity 
for innovation—research and development activities tend to be more concentrated locationally 
than production in most industries, and often occur in large metropolitan areas (Audretsch 
and Feldman 1996). This may also carry over to some developing country cities. See Sridhar 
(2010b) for a discussion of the role of knowledge-based industries such as IT in driving the 
growth of Indian cities like Bangalore and Hyderabad. 
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a location is connected to all other domestic locations) influence urban and 
rural incomes as captured by nightlights data for 5,900 sub-districts. Their 
results suggest that improvements in both urban and rural MA should raise 
incomes. Relatedly, Ghani, Goswami, and Kerr (2016) show that a major 
upgrade of India’s main highways raised productivity and encouraged entry 
of plants in districts close to the improved highways. 

Finally, turning to how urban form might affect economic growth, a key 
contribution is that of Tewari et al. (2017), though Harari 2016 and Sridhar 
2010b are also related. Tewari et al. (2017) examine the relationship between 
various dimensions of a city’s urban form and its subsequent growth for a 
sample of 479 cities. They find measures of urban sprawl to detract from 
city economic growth as proxied by nightlights data over 2002–11.

With some notable exceptions, such as the recent work of Harari (2016) 
and Tewari et al. (2017), most of the studies treat districts as the urban unit 
of analysis (see, e.g., Chauvin et al. 2017; Ghani, Kanbur, and O’Connell 
2013). This is because most of the available data from labor and enterprise 
surveys contain geo-information down to the district level. However, as 
noted earlier, Indian districts often cover large rural areas, and many contain 
multiple, geographically independent urban areas, that is, cities and towns. 
A more appropriate unit of analysis is thus likely to be the city or town, 
which is the administrative division below the district level and whose rural 
counterparts are villages. 

In addition, in several of the studies noted above, in exploring the relation-
ship between urbanization and economic activity, the city-level measures of 
economic activity are captured in a highly aggregated manner (e.g., through 
the intensity of nightlights as a proxy measure for aggregate economic activ-
ity, as in Tewari et al. 2017). Nuances that arise from different structures of 
economic activity—for example, differences in the relative importance of 
manufacturing and the role, if any, of formal and large firms—get missed 
in this approach.

3. Analyzing Urban Growth: Data and Empirical Framework

As noted in the introduction, our interest is to understand the factors that 
drive not only the growth of cities, but also the cities’ ability to provide better 
jobs. Our empirical analysis consists of three inter-related exercises. First, 
we examine the determinants of population growth in Indian cities between 
2001 and 2011. Compared to the previous literature, our main contribution 
is to focus on cities as our unit of analysis rather than urban districts as some 
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previous literature on urbanization has done, and to consider a wider range of 
determinants of city growth, especially those pertaining to cities’ economic 
structure. Second, we examine the association between these determinants 
of city population growth and the proportion of “good” jobs as proxied by 
the share of city-level employment in firms with 10 or more workers (and 
which Mincerian wage regressions suggest is a good proxy for better wages). 
Finally, we carry out a preliminary assessment of whether cities in states with 
more flexible labor and land regulations see faster growth of employment. 

3.1. Data

Our main sources of data include the Census of India for 2001 and 2011; 
establishment-level information from the fourth and sixth ECs carried out in 
1998 and 2013, respectively, and GIS-enabled road network data to measure 
a city’s connectivity and MA. We also use data from various rounds of the 
National Sample Survey Office’s Employment–Unemployment Surveys 
(NSS-EUS), namely the 55th (1999–2000), 64th (2007–08) and 68th (2011–12) 
rounds. These provide us information on educational attainment, the extent of 
migration, and correlates of wages, respectively, for the urban parts of districts. 

Before getting into details on the data, a few remarks on the population 
census are in order. First, at least since the 1961 census, the criteria for 
identifying urban areas have been broadly similar. In addition to statutory 
towns (i.e., locations with a municipal corporation, municipality, canton-
ment board, notified town area committee, or town council), urban areas 
include census towns, that is, places that meet three criteria: (a) a population 
of at least 5,000; (b) 75 percent or more of the male population (working 
population in 1961 and 1971) engaged in non-agricultural pursuits;4 and 
(c) a population density of at least 400 persons per square kilometer. Census 
towns are administrative units formally classified as villages but which 
satisfy the three criteria above simultaneously.

In addition to statutory and census towns, the census also tracks UAs, 
continuous urban areas consisting of a town and its adjoining “outgrowths” 
or two or more physically contiguous towns (with or without the outgrowths 
of such towns).5 UAs must consist of at least a statutory town, and its total 

4. The definition for the 2011 census entailed a slight change. Now, only “main” male 
workers are included in the criteria; marginal workers are excluded.

5. An outgrowth is an area lying outside the boundary of the town and within the “revenue 
limit” of a village or group of villages. It should possess various urban features in terms of 
infrastructure and amenities. Examples of outgrowths include railway colonies, university 
campuses, and port areas.
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population (all constituents combined) should not be less than 20,000. In 
our analysis, we treat UAs the same as towns.

Second, the terms town and city are often used interchangeably by 
researchers. We also adopt this practice for ease of exposition. However, in 
official terminology, cities refer to towns with a population of 100,000 or 
more. We rely on this distinction for our econometric analysis, and estimate 
various regression models by both pooling across cities and towns, as well 
as considering them separately.

Finally, while the concepts of census town, outgrowths, and UAs try to 
capture the urbanization process taking place outside the administrative 
boundaries that mark statutory towns, it is possible that official statistics 
understate the extent of urban growth. One reason is the complex and 
time-consuming process of redrawing municipal boundaries as cities and 
towns expand (Colmer 2015). Thus, reliance on census data may understate 
the true extent and growth of urban areas and, therefore, urban population.6

3.1.1. CENSUS OF INDIA DATA

The Census of India provides “town directories” that include detailed tabu-
lated information not only on demographic variables, but also on geographic 
features (including land area), climatic amenities, infrastructure provision, 
social and educational services, and government revenues and expenditures 
at the city/town (and village) level.

We limited our attention to towns with a population of at least 10,000 
in 2001 and used town IDs to merge the town directories of the 2001 and 
2011 censuses. For those with inconsistent IDs, we made use of town names, 
district names and state names to verify and match. We treated each UA as 
an integrated city, aggregating variables of the constituent towns and areas 
to reach the final values for the UA. By matching cities and towns across the 
2001 and 2011 censuses, we are able to generate both our main dependent 
variable (growth in a city/town’s population) and various town-level char-
acteristics as explanatory variables, such as city amenities, infrastructure, 
and access to state headquarters, among others. 

6. An increasingly popular approach around this problem is to use data on nighttime lights 
and use these to delineate urban areas. The underlying logic is that urban areas are character-
ized by a concentration of people, and incomes such that a threshold value of the luminosity 
of nighttime lights can be used as a proxy for whether a given area of land is urbanized or not 
(see, e.g., the application of this approach by Tewari et al. 2017). However, the use of nighttime 
lights in the analysis of urbanization issues is not without its own drawbacks. For example, from 
the perspective of defining urban areas, scattering of nightlights over a wide geographic area 
could well lead some rural areas adjacent to cities to be defined as urban. More importantly, it 
is very difficult to match population and other variables used in urban analysis to such areas. 
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The population and area of each city or town were carefully examined. 
The population and data of each sample town and city from the town 
directory were cross-validated with the so-called A-4 tables of Census 
of India, 2001 and 2011. These provide the reasons for variations in the 
population and area of each town/city. The towns in which anomalies 
have been found in area and population were excluded from the sample. 
Both declassification and addition of towns were examined to finalize the 
sample. We also encountered towns/cities with extreme population and/or 
area growth between 2001 and 2011 in the data. After careful validation 
of the data using other sources to verify population figures, we restricted 
our analysis to those towns/cities with a population growth greater than 
–50 percent and less than 500 percent, and an area growth greater than 
–10 percent and less than 500 percent.

Our final dataset allows us to work with a maximum of 2,426 Indian cit-
ies and towns with a population of at least 10,000 in 2001. These belong to 
502 districts across 21 states and 4 union territories that are well integrated 
to India’s major markets from the perspective of transport connectivity.7 It 
is important to note that our sample does not capture the urban growth that 
results from the transformation of a rural area in 2001 into a standalone 
urban center, such as a census town, in 2011. We also do not capture towns 
in 2001 that get classified as a new UA in 2011. This is because we have 
no way to split a new UA into its 2001 constituents.

Nevertheless, our sample should capture key features of urbanization 
and its growth between 2001 and 2011. The Census of India reports that a 
majority (86.1 percent) of the cities in India had a population of less than 
100,000 in 2001. There were only 73 cities in India, or 2.6 percent of the 
total, at the other end of the spectrum with a population of 500,000 or 
more. In our final sample, 85.5 percent of the cities had a population of 
less than 100,000 in 2001 and 2.8 percent had a population of 500,000 or 
more. Table 1 presents the distribution of our sample cities by population 
and compares it with the overall, all-India numbers reported in the census. 
As may be seen, our sample mimics key features of the urban population 
and its distribution well.

Table 2 reports some summary statistics for our sample and by different 
city size groups. The top panel of the table is based on information provided 
in the population census tables, and in addition to population, also covers 

7. The included states and Union Territories are: Andhra Pradesh, Assam, Bihar, 
Chandigarh, Chhattisgarh, Dadra & Nagar Haveli, Daman & Diu, Delhi, Goa, Gujarat, 
Haryana, Himachal Pradesh, Jharkhand, Karnataka, Kerala, Madhya Pradesh, Maharashtra, 
Odisha, Puducherry, Punjab, Rajasthan, Tamil Nadu, Uttar Pradesh, Uttarakhand, and 
West Bengal.
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T A B L E  2 .  Summary Statistics (Means) by Cities and Towns

Variables
Full 

Sample Towns Cities

Number of Cities 2,426 2,075 351

Population, 2001 101,546 30,861 519,410
Population growth 2001–11 0.152 0.141 0.219
Literacy rate, 2001 0.744 0.741 0.778
Electricity connections per 10,000 population, 2001 1,704 1,690 1,785
Pucca road density (kms of road per sq. km of area), 2001 4.006 3.653 6.093

D: Age 0 to 1 (ratio to total population), urban 2001 0.031
D: Age 0 to 5 (ratio to total population), urban 2001 0.117
D: Age 0 to 17 ratio to total population), urban 2001 0.390
D: Internal migration (ratio to total population),  
urban 2007–08

0.342

D: Intra-district migration, urban 2007–08 0.169
D: Inter-district migration, urban 2007–08 0.122
D: Inter-state migration, urban 2007–08 0.051
D: Years of schooling, urban 1999–2000 5.925

Diversity index, mfg, 1998 0.799 0.772 0.956
Diversity index, mfg and srvcs, 1998 1.649 1.587 2.012
Manufacturing employment share, 1998 0.266 0.264 0.277
Share of young firms in mfg and srvcs, 1998 0.396 0.394 0.405
Share of young firms with 10+ workers in mfg, 1998 0.009 0.009 0.014
Share of young firms with 10+ workers in mfg and srvcs, 1998 0.005 0.004 0.007
Employment share of 10+ worker firms, mfg, 1998 0.223 0.205 0.328
Employment share of 100+ worker firms, mfg, 1998 0.076 0.065 0.145
Employment share of 10+ worker firms, mfg and srvcs, 1998 0.224 0.213 0.286
Distance to state highway, 2001 (‘000 km) 0.006 0.006 0.004
Distance to expressway or national highway, 2001 (‘000 km) 0.013 0.013 0.007
Market access from G-roads data, 2001 (100k persons  
per kilometer)

0.195 0.194 0.199

S: Land regulation score 61.07
S: Land regulation dummy (1 = Good Land Management,  
0 = Weak)

0.665

S: Flexible labor regulation (1 = Flexible, 0 = Inflexible) 0.455

Source: Authors’ estimates.
Note: “D” denotes district-level statistics. “S” denotes state-level statistics.

literacy rates and measures of city-level infrastructure provision. Although 
not shown in the table, the diversity of these characteristics across Indian 
cities is noteworthy8 (For a detailed discussion on the distribution of urban 
infrastructure across Indian cities and towns, see Bhagat 2011a; Kundu, 
Bagchi, and Kundu 1999; NIUA 2017.)

8. For instance, the 5th percentile literacy rate across cities is around 54 percent while the 
95th percentile literacy rate is almost 89 percent. 
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The second panel of Table 2 provides district-level information on prox-
ies for birth and fertility rates based on age-group data (0–1, 0–5, and 0–17 
years) from the 2001 population census, various measures of migration from 
the NSS-EUS carried out in 2007–08, and average years of schooling from 
the NSS-EUS carried out in 1999–2000.9 The data pertain to only the urban 
parts of districts.10 The age-group data from the population census shows that 
on average, the 0–17 years age-group comprises a little more than one-third 
of urban district population to which a city or town belongs, suggesting that 
natural growth is an important component of urban growth in India (Bhagat 
2011b; Kundu 2007). However, migration also contributes to urban growth. 
According to Bhagat (2014) and Kundu and Mohanan (forthcoming), the 
contribution of rural–urban migration in urban growth during 2001–11 was 
in the range of 15–20 percent. Turning to the migration data from the NSS-
EUS of 2007–08, on average one-third of the population in an urban district 
to which our cities and towns belong is comprised of migrants.11 Much of 
the migration was driven by within-district migration and migration across 
districts within the same state (i.e., intra-district or inter-district migration). 
Migration across districts (inter-state migration) contributes much less.

3.1.2. MEASURES OF ECONOMIC ACTIVITY USING THE ECONOMIC CENSUS 
To capture the nature of economic activity at the city level, we use the 
EC, which is conducted by the Central Statistics Office of the Ministry of 
Statistics and Programme Implementation. The EC is a countrywide census 
of establishments engaged in all economic activities except crop produc-
tion and plantations.12 The key purpose of the EC is to provide a sampling 
frame for follow-up sample surveys that collect more detailed sector-specific 
information on the non-agricultural economy. In this study, we use public-
use micro records from the fourth and sixth editions of the EC carried out in 
1998 and 2013, respectively (henceforth EC 1998 and EC 2013). The data 
allows for the geographic location of establishments to be identified at the 

9. The average years of schooling is computed by assuming the following correspondence 
between the level of education survey respondents report and years of education: 0 years for 
those who are illiterate; 5 years for those with primary education; 8 years for middle school; 
10 years for secondary education; 12 years for senior secondary education; and 17 years for 
college graduates.

10. None of these variables was available at the city level.
11. The NSS-EUS of 2007–08 defines a household member as a migrant if their last “usual 

place of residence” at any point of time in the past was different from the present place (i.e., 
at the time of the survey). The last usual place of residence is a place (village/town) where 
the person had stayed continuously for a period of six months or more.

12. We use the terms establishment, enterprise, and firms interchangeably.
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town and city levels.13 Both rounds of the EC provide information on an 
establishment’s number of employees and major economic activity, while 
only the micro-records of EC 1998 provide information on the age of the 
enterprise (as captured by information on the number of years of operation 
of the enterprise). The EC 1998 dataset covers 12.6 million establishments 
for urban India, and 17.7 million establishments for rural India, while the 
EC 2013 dataset covers 24 million and 35 million establishments for urban 
and rural India, respectively.

In order to include the EC variables into our analysis, we had to match 
administrative geographic boundaries across census years. Since the EC 
of 1998 follows spatial boundaries as of August 1997, significant manual 
effort was made to match city-level units to their 2001 population census 
equivalent. Secondary sources such as the administrative atlas of India, pin 
code database, digital maps, and other online resources were utilized to 
track geographical variabilities between both years.14 This effort resulted 
in a one-to-one mapping of urban areas in the EC of 1998 with those of 
the 2001 population census. Similar efforts were made for the EC of 2013 
whereby spatial boundaries following the 2011 population census had to be 
reclassified back to their 2001 status.

In constructing the various measures of economic activity across cities, 
we limit our attention to 22 manufacturing and 22 service industries at the 
two-digit level.15 This means that we omit one manufacturing industry 
(recycling) and several service industries (public administration and defense, 
other services, activities of domestic households as employers of domestic 
staff, and extra-territorial organizations and bodies). 

Given that EC data have rarely been used to examine the structure of 
economic activity (at the city or town level), we compared sectoral totals 
and composition of the EC 1998 with Round 55 of the NSS-EUS carried 
out in 1999–2000. Although level differences in employment across the two 
sources of data are apparent, correlations of employment distribution across 
the 44 two-digit industries considered here are very strong (correlation of 
0.94) across the NSS-EUS and EC 1998.16 We also find the manufacturing 

13. A village is the rural counterpart to a town.
14. We are grateful to Vishal More for his support in carrying out this exercise.
15. Industrial classifications used in this paper are based on National Industrial Classification 

(NIC) 2004. The three-digit NIC 2008 and four-digit NIC 1987 codes were harmonized to 
their two-digit NIC 2004 equivalent. 

16. Since the EC 1998 uses the 1987 four-digit NIC (1987) to record an establishment’s 
economic activity, we first transformed the four-digit 1987 industry codes to their two-digit 
NIC 1998 equivalent. 
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to services sector employment ratios from EC and EUS to closely mirror 
each other. The main difference between the EC and NSS-EUS can be found 
in estimates of the share of total employment accounted by formal firms 
(which we take here to be firms with more than 10 workers, an assumption 
consistent with Indian regulations governing the manufacturing sector). This 
is likely to be due to under-coverage of small firms in the EC. With this 
caveat, the EC appears to be a good source for the sectoral distribution of 
firms and employment at the city level. It is certainly the only one available 
at this point of time.

The middle panel of Table 2 presents the variables of interest from the 
EC, including total employment in the 44 manufacturing and service indus-
tries we consider, the sectoral employment share from formal (10+) and 
large (100+) firms, and the share of young firms (i.e., enterprises reporting 
5 years or less of operations).17 We also constructed indices of diversity to 
capture the role of industrial variety in driving city growth and influencing 
employment-related outcomes. Following the previous literature (Duranton 
and Puga 2000; Ghani, Kerr, and Tewari 2014), our indices are defined as 
Divc = 1/Sj|sjc – sj|, wherein sjc refers to the share of industry j in city c’s total 
employment, and sj is industry j’s share in national total employment.18 We 
construct these indices separately for manufacturing as well as for manu-
facturing and services together. Note that the absolute difference between 
sjc and sj in any given city captures the degree to which a given industry j is 
over- or under-represented in the city relative to the country as a whole (in 
terms of shares). Summing across industries and taking its inverse yields 
the index. If a city has all of its manufacturing (or manufacturing and ser-
vices) employment in one industry that is also very small in size nationally, 
the denominator of the index becomes large, driving the diversity index to 
take a very small value that approaches zero. Alternatively, if the city’s 
employment structure is identical to that of the country as a whole, then 
the denominator of the index takes on small values, driving the diversity 
index to be large.

As with the other variables, the values taken by these variables can vary 
widely across cities (not shown). Moreover, they also vary by city size. For 
example, larger cities are more diversified in terms of industrial activity; 
they tend to have a larger share of manufacturing relative to employment 

17. Note that for a household establishment carrying out a business for generations, the 
years of operation refers to the number of years since the current owner or operator took over. 
This is not ideal for our purposes but unavoidable.

18. We also constructed indices of specialization. Due to the weak results obtained using 
these, we omit these from our discussion to conserve space.
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in manufacturing and the restricted set of services we consider here, and a 
larger share of younger firms. 

3.1.3. ROAD CONNECTIVITY AND MARKET ACCESS 
We obtain road network vector data from ML Infomap, which contains geo-
graphically referenced state highways, national highways, and expressways 
of India since the late 1990s. With the aid of GIS software, we compute the 
straight-line distance from a city’s centroid to the nearest state highway and 
to the nearest national highway or expressway by 2001 as two measures of 
a city’s road connectivity.

For MA, we consider each city’s access to the largest 74 cities with popu-
lation above 500,000 in 2001. Specially, MA is calculated with the formula:

MA
d

POPc
ci

i
i

=
=

∑ 1

1

74

,

where dci is the distance from city c to one of the 74 large cities travelled 
through the available road network, and set to 1 if c = i.19 The MA variable 
is expected to capture the demand for a city’s output from major markets 
within the country.

The penultimate panel of Table 2 shows that the average distance to a 
state highway and national highway or an expressway is 6 km and 13 km, 
respectively. In general, cities are more closely located to state and national 
highways than towns. As far as MA is concerned, the sample average is 
about 20,000 people per kilometer for a city/town. That means that differ-
ent city size groups deviate from the sample average only moderately, and 
though not shown here, it may be noted that larger cities do not necessarily 
have better access to the country’s major markets.

3.1.4. MEASURES OF LABOR REGULATION AND LAND MANAGEMENT

Some of our analysis explores whether employment across sectors and in 
firms of different sizes varies by the nature of labor- and land-management-
related regulations across states/cities. For a measure of labor regulation 
across states, we rely on those constructed by Gupta, Hasan, and Kumar 

19. The road network data from ML Infomap have many disconnected or isolated roads, 
possibly because it does not include small local roads. This causes the GIS software—which 
uses an algorithm that accounts for junctions to generate the shortest path—to fail to calculate 
road network distance for many cities. As an alternative, we use the GRoads road data to 
calculate the MA for each city. The concern is that GRoads only contains 2010 information 
without data on historical network. We thus compared the distance computed with ML Infomap 
and GRoads data, respectively, for cities with information from both sources. Fortunately, the 
two sets of distance are highly correlated.
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(2009). Flexible states have regulations that are pro-employer. On the other 
hand, states with inflexible labor regulations are those whose regulations are 
coded as being either neutral or pro-worker by Gupta, Hasan, and Kumar.

For land management-related regulations, we utilize a 2014 reform 
appraisal report from India’s Ministry of Urban Development that had eval-
uated a sample of 66 cities with regards to their compliance on 23 items of 
planning and land-use reforms suggested by the central government. Of the 
23 reforms, we consider the following six to be relevant to the nexus between 
urban land management and urban growth: (a) reforms in rent control; (b) the 
repeal of ULCRA; (c) achieving threshold measures of coverage and collec-
tion efficiency of property taxes; (d) reduction of stamp duty (to 5 percent 
or less); (e) simplification of legal and procedural framework for conversion 
of agricultural land for non-agricultural purposes; and (f) introduction of 
computerized processes in the registration of land and property (Jawaharlal 
Nehru National Urban Renewal Mission 2014).

The 2014 reform appraisal assessed the 66 cities on a 10-point scale on 
each reform element, with complete implementation of the reform assigned 
a score of 10. Based on the six reform elements we consider, the maximum 
possible score received by each city is thus 60. State scores, Ss, are then 
calculated as follows, 

S
pop

pop
cs

i

n
i

s
i=

=

∑
1

where popi refers to the city-level population, pops is the state-level popula-
tion of the state that the city belongs to, and ci corresponds to the individual 
city scores. We treat states that had scored above the median score (63.9) 
as those whose cities have “good” land-management policies and practices. 
In our regressions, we also used the raw aggregate scores as our measure of 
land-management practices. The results were qualitatively similar. 

3.2. Empirical Framework

There are several factors that influence how much growth a city experiences 
(through migration and/or expansion of a city’s de facto boundaries).20

First, there is the structure and nature of economic activity undertaken 

20. In an accounting sense, an increase in the growth of the urban population is the result 
of an increase in the population of existing cities—that is, the sum of births minus deaths 
plus net migration as rural residents move to urban areas—and the reclassification of rural 
areas to urban areas. The latter process can involve either the creation of entirely new cities 
and towns, or the expansion of existing cities and towns as rural hinterlands get absorbed 
into adjoining urban areas.
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in a city. The relative importance of manufacturing jobs compared to 
services employment, the share of employment in formal firms (proxied 
here by employment in firms with 10 or more employees), the presence 
of large firms and young firms, and the diversity of economic activity, 
all are potential drivers of productivity and labor demand, and thus the 
wages a city offers. The latter, in turn, will drive how much migration a 
city experiences; it may also influence urban growth through an expansion 
of the physical size of a city.21

Second, there are factors such as the skills and education available in a 
city, transportation and connectivity (to other cities and locations, but also 
within the city), amenities, and the cost of living. A third factor is the spatial 
layout of cities, which, as the recent work of Harari (2016) has shown, inter-
acts with geography and regulatory factors (such as land use regulations), 
and can influence the location choices of consumers and firms.

In our analysis of city growth, we focus on the first two sets of factors, 
examining their empirical importance by estimating regressions of the 
following type: 

ln popct – ln popct–1 = a*ln popct–1 + Xct–1 + ect, (1)

where pop represents population, X is a vector of city characteristics, and c
and t denote cities and year, respectively. As discussed in Duranton (2016b), 
this formulation of city growth being regressed on the initial levels of the 
determinants of city growth (rather than growth of the determinants) is justi-
fied when labor mobility is imperfect, so that city populations adjust slowly.

It must be noted that while the explanatory variables of Equation (1) per-
tain to the initial period, the estimated coefficients on the vector X cannot be 
interpreted as causal. For example, decisions by employers and households 
may be made based on future city growth. Unfortunately, natural experi-
ments are quite difficult to find in the context of city growth, as are plausible 
instruments for many potential drivers of urban growth. Nevertheless, as 
a robustness check we introduce regressors that may act as controls for 
endogeneity. To control for unobservable city-level characteristics, we 
include historical population growth from 1991 to 2001 into our analysis as 
in Duranton (2016a). We additionally introduce initial land area as a control 
since the initial physical size of cities may offer advantages in terms of a 
city’s potential to grow. That being said, the lack of good instruments is a 
limitation of this paper and its usefulness has to be seen more on the lines 

21. This expansion may be captured by an expanding administrative boundary of the city, 
or by urban outgrowth (i.e., the urbanization of areas outside the administrative boundaries 
of the city).
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of uncovering important patterns in the data that can inform future research 
priorities. 

Finally, as noted earlier, the mere fact that cities are registering robust 
population growth is but one measure of urban success. Whether the factors 
that drive population growth also contribute to productive and well-paying 
jobs is a question of considerable importance. In principle, information on 
city-level productivity or wages should allow us to estimate variants of 
Equation (1) to address this question. However, data availability presents a 
challenge. In particular, the most disaggregated geographic level for which 
employment-related information is available from India’s labor force sur-
veys is the district.

Fortunately, a good proxy seems to be available at the city level: employ-
ment in firms with 10 or more workers. In the case of India’s manufacturing 
sector, firms with 10 or more workers (20 if the production process does 
not use electricity—a rarity these days) come under the purview of the 
Factories Act and are deemed to be registered (or formal). There is no such 
hard and fast cut-off in the cases of services, but, in general, a threshold of 
10 employees seems reasonable in distinguishing between firms that are 
more or less likely to use modern production and managerial technologies, 
and thus have both higher productivity and higher wages.

We use data on individual workers and their wages from the 2011–12 
NSS-EUS to confirm that employees in firms with 10 or more workers are 
paid more even when controlling for observable individual characteristics 
(age, gender, and educational attainment), industry and district of employ-
ment, and whether a respondent is employed in a city with a population of 
one million or more as per the 2001 population census. The results, reported 
in Section 4, give us confidence that the share of city employment-gener-
ated by firms with 10 or more workers is a good proxy for productive and 
well-paying jobs. 

4. Results

4.1. City Size across India: Some Patterns

Given the novelty of our dataset, it is interesting to examine whether and 
how city size varies with economically relevant variables. To conserve 
space, we do not report the results of regressions of city size but only note 
our key findings. First, larger cities tend to have more literate and educated 
populations. Second, they are also more likely to have a greater number 
of colleges—though not necessarily as a proportion of city population. 
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Third, and surprisingly, larger cities are not systematically associated with 
either higher road density or electricity connections. Larger cities, are, 
however, better connected to state and national highways (or expressways), 
though MA is not necessarily better for larger cities. Fourth, larger cities tend 
to have higher diversity indexes. This result tends to be driven by the largest 
Class 1 cities, that is, those with a population of 100,000 or more. Larger cities 
also tend to have a higher share of employment coming from manufacturing, 
formal sources of employment (as proxied by firms with 10 or more employ-
ees), and large firms (as proxied by firms with hundred or more employees). 
As in the case of the diversity index, these relationships are mainly driven by 
the so-called Class 1 cities with populations of a 100,000 or more. 

4.2. City Growth 

We now turn to estimating various versions of Equation (1) above. This 
formulation, whereby city growth is regressed on the initial levels of its 
potential determinants (rather than growth of the determinants), is justified 
when labor mobility is imperfect, so that city populations adjust slowly.

4.2.1. NATURAL GROWTH AND MIGRATION 
Table 3, which relies on our district-level proxies for fertility and migration, 
indicates that migration does contribute to city growth. In all columns pre-
sented, initial city size as captured by the 2001 city population is included 
as a regressor. The first column does not include any of the demographic- 
and migration-related measures and the positive and statistically significant 
coefficient on initial city population suggests a failure of Gibrat’s law, which 
holds that the population growth of cities is orthogonal to their initial level.22

More generally, the results indicate that both natural growth (as captured by 
our proxy for birthrates) and migration contribute to city growth. At the same 
time, it must be noted that the R-squares of all the regressions are relatively 
low. This is likely a reflection of the fact that our explanatory variables are 
at the district level, while our dependent variable is at the city level. 

4.2.2. HUMAN CAPITAL

Research on the determinants of city growth in developed countries often 
finds an important role for human capital. Corroborative evidence from 
developing countries is scarce, but studies based on Colombian and Brazilian 
data indicate its relevance to the developing country context (see Duranton 
2016a and de Mata et al. 2007, respectively). Table 4 reports our findings on 

22. Further exploration revealed that this result tends to be driven by the relationship 
between city population and initial population levels in cities with less than 100,000 persons 
in the initial year.
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T A B L E  3 .  City Growth and Demography and Migration

I II III IV

Dependent Variable: Population Growth Defined  
As Log(2011 Population/2001 Population)

Log 2001 population 0.027*** 0.029*** 0.029*** 0.028***
(0.005) (0.005) (0.005) (0.005)

D: Ratio of young to total 
population

1.959*** 2.036*** 2.104***
(0.519) (0.511) (0.525)

D: Internal migration  
(ratio to population), urban

0.049*
(0.025)

D: Intra-district migration  
(ratio to population), urban

–0.002
(0.025)

D: Inter-district migration  
(ratio to population), urban

0.051
(0.050)

D: Inter-state migration  
(ratio to population), urban

0.184***
(0.057)

Constant –0.129** –0.327*** –0.360*** –0.367***
(0.049) (0.073) (0.068) (0.066)

  
Observations 2,426 2,119 2,110 2,110
R-squared 0.103 0.130 0.128 0.133
State dummies YES YES YES YES

Source: Authors’ estimates.
Robust standard errors in parentheses, cluster at state level, *** p < 0.01, ** p < 0.05, * p < 0.1. 
Notes:
1. “D” denotes district-level data.
2.  For the variable “ratio of young to total population,” “young” refers to the portion of population from 

ages 0 to 5.

the importance of human capital on city growth in India. As noted earlier, 
most of our measures for human capital are less than ideal, given that they 
pertain to the district level (albeit its urban component) rather than the city 
level. Nevertheless, the overall picture we get is one of weak association 
between human capital and city growth. In fact, the literacy rate appears 
with a negative and statistically significant sign for our full sample. Further 
exploration suggests that this relationship is driven by towns, that is, cities 
with less than 100,000 people in 2001.

4.2.3. INFRASTRUCTURE AND CONNECTIVITY

Table 5 describes the relationship between city growth, and our various 
measures of infrastructure and connectivity. Regardless of which sample 
we consider, our measure of MA enters the various city growth regressions 
with a positive and statistically significant coefficient. Its estimated coef-
ficient implies that a doubling of MA from its sample mean (0.195) would 
increase city growth by eight percentage points (0.195 × 0.426) in our full 
sample. Interestingly, the coefficient of MA is larger for cities than towns, 
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T A B L E  5 .  City Growth and Infrastructure

Full Sample
I

Towns
II

Cities
III

Dependent Variable: Population Growth Defined 
as Log(2011 Population/2001 Population)

Log 2001 population 0.026*** 0.016** 0.022**
(0.005) (0.007) (0.008)

PCA: Infrastructure –0.007 –0.007 0.002
(0.005) (0.005) (0.009)

Distance to state highway (in‘000 km) –0.020 –0.347 0.581
(0.420) (0.372) (0.790)

Distance to expressway or national highway  
(in ‘000 km)

–0.410*** –0.620*** 0.655
(0.146) (0.160) (0.528)

Market access (100,000 persons per km) 0.426*** 0.363*** 0.616***
(0.080) (0.121) (0.202)

Constant –0.174*** –0.052 –0.204*
(0.052) (0.067) (0.106)

Observations 2,403 2,054 349
R-squared 0.146 0.123 0.389
State dummies YES YES YES

Source: Authors’ estimates.
Robust standard errors in parentheses, cluster at state level, *** p < 0.01, ** p < 0.05, * p < 0.1. 
Note:  “PCA” refers to principal component analysis with the measure on infrastructure calculated using 

2001 city-level components on electricity density and pucca road density.

implying that growth of cities has been influenced to a greater extent by 
their accessibility to major markets than the growth of towns. On the other 
hand, access to a national highway or expressway has a significant impact 
on the growth of towns but not that of cities. A reduction of 10 km in the 
distance to a national highway or expressway results in a 0.6 percentage 
point increase in the growth rate of a town. In contrast, a higher percentage 
of households with electricity connections and greater density of paved 
roads has no significant relationship with subsequent city growth. This 
result holds even when we substitute the principal component analysis 
(PCA)-infra measure with its two constituent components and introduce 
these separately.

4.2.4. CHARACTERISTICS OF ECONOMIC ACTIVITY

We finally turn to the relationship between city growth and the nature of 
economic activities in cities as described in Tables 6a–6c. Table 6a, which 
pertains to the full sample of cities and towns, reveals that a higher share 
of manufacturing employment and a higher share of young, formal firms 
(i.e., firms aged 5 years or less and having 10 or more workers) in manu-
facturing or manufacturing and services (the 22 services we consider) are 
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all associated with faster city growth.23 To some extent, the presence of at 
least a few large manufacturing employers is also associated with faster 
city growth. Higher educational attainment and city-level infrastructure (as 
captured by PCA-infra) do not seem to matter. On the other hand, better 
connectivity, as captured by a smaller distance to the nearest expressway 
or national highway, matters since it drives city growth (as seen by the 
negatively signed coefficient on the distance variable), as does greater MA.

Taken at face value, these results suggest an important role for manufac-
turing, entrepreneurship, and connectivity to markets in driving city growth. 
Nevertheless, there are a couple of puzzling features of the results, namely, 
the lack of any role for educational attainment of the urban population and 
city-level infrastructure. Also, a higher share of employment accounted for 
by firms with 10 or more workers is negatively associated with city growth 
when we consider the various determinants together (columns 9 and 10 of 
Table 6a). 

Considering towns and cities separately (Tables 6b and 6c, respectively), 
we see that the previous results pertaining to the structure of economic 
activity seem to be driven by the growth experience of towns. Indeed, the 
diversity index for manufacturing is now positive and significant, indicating 
that towns that had a greater variety of employment across manufacturing 
industries in 1998 experienced faster population growth between 2001 
and 2011. Moreover, as may be expected, the impact of being closer to an 
expressway or national highway matters more for towns (a larger negatively 
signed coefficient on the distance variable). Turning to the results for cities 
alone, the only variables that matter for city growth are greater MA and our 
measure of entrepreneurship, that is, a greater share of young, formal firms.

As noted earlier, we are not fortunate enough to have a natural experiment 
that we could exploit to help us establish causality. Additionally, finding plau-
sible instruments for our variables is not easy. Nevertheless, it is important to 
check the robustness of our results to the inclusion of some controls that might 
alleviate potential biases on account of omitted factors that might be driving 
city growth. We introduce two sets of controls, one for the size of cities in 
land area in 2001 and the second for city growth over the previous decade. 
Our results are reported in Appendix Tables A1.1–A1.3. Essentially, we 
find that controlling for (log) area does not affect the estimated coefficients 
on the share of young, formal firms in any of the full, town, or city samples. 

23. If we consider all young firms, and not just those with 10 or more workers, we get 
estimated coefficients of a smaller magnitude, some of which are also statistically insignif-
icant. This is not surprising since, often, entrepreneurs that operate very small sized firms 
may have neither the managerial or technical abilities nor the finances required to start and 
operate economically dynamic firms with high growth potential.
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Similarly, controlling for city growth over the past decade does not affect the 
estimates in full and city samples, but the estimates in town samples lose their 
significance when introduced along with other determinants of city growth. 
Overall, it appears that entrepreneurship as proxied by a higher share of 
young, formal firms has an important role to play in promoting city growth.

Before we turn to whether these determinants of city growth also pro-
mote better-paying jobs, it is useful to consider the economic significance 
of our results, especially that on entrepreneurship. Specifically, under the 
assumption that our regression estimates can be given a causal interpreta-
tion, we can explore the effects on city growth of a hypothetical policy that 
fosters entrepreneurship and formalization. Table 7 illustrates an example 
involving the share of young, formal firms in manufacturing and services. 
Suppose the policy to promote entrepreneurship leads to a 100 percent 
increase in the share of young, formal firms in towns (left column). We can 
calculate how many new young, formal firms this increase translates into 
(327) and how many additional urban residents it would lead to (571,308) 
across towns. A question of interest is what additional urbanization would 
be generated if we were to “relocate” the same number of young, formal 
firms to the big cities. 

The simulation presented in the right column of Table 7 suggests that 
the average share of young, formal firms would increase from 0.72 percent 

T A B L E  7 .   Policy Simulation: Share of Young Firms with 10+ Workers, 
Manufacturing and Services

Towns Cities
Share of young firms with 10+ workers (average per city) 0.0046 0.0072
Total number of firms with 10+ workers (average per city) 34.124 843.230
Total number of young firms with 10+ workers (average per city) 0.156 6.101
2001 population (average per city) 35,852 654,487
Estimated coefficients of share of young firms with 10+ workers 1.451** 2.569***
Original predicted population growth (average per city) 0.1407 0.2197
Original predicted 2011 population (average per city) 41,267 815,326

Simulation
Share of young firms with 10+ workers (average): 100% increase 0.0092 –
Resulting number of additional young firms with 10+ workers 
(average per city) 0.1578 –
Resulting sum of additional young firms with 10+ workers 327 327
Resulting share of young firms with 10+ workers – 0.0083
Resulting predicted population growth (average per city) 0.1473 0.2226
Resulting predicted 2011 population (average per city) 41,542 817,646
Resulting additional population in 2011 (average per city) 275 2,319
Resulting sum of additional population in 2011 571,308 814,131
Number of Towns/Cities 2,075 351

Source: Authors’ estimates.
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to 0.83 percent in cities in 2011. The predicted urban population by 2011 
would increase by 2,319 per city on average and 814,131 in total for the 
large cities. The results are remarkable in that the same number of young, 
formal firms could lead to an urban population that is 43 percent higher if the 
increase in such firms were concentrated in large cities rather than in towns. 
The gap is mainly driven by the different elasticities of urban population to 
the share of young, formal firms across small and large cities. For policy-
makers interested in promoting urbanization by fostering entrepreneurship 
in cities, the simulation exercise suggests that focusing on large cities may 
be more effective.

4.3. Are the Drivers of City Growth Promoting Better Jobs?

The lack of data on wages at the city level requires us to shed light on this 
question in an indirect way, using a proxy for productive and well-paying 
jobs available at the city level. Table 8 shows the results of simple Mincerian 
wage regressions using the urban sample of the 2011–12 NSS-EUS data. 
The key result is that, controlling for age, gender, and educational attain-
ment, workers employed in firms with 10 or more employees receive a 
considerable wage premium. This premium ranges from approximately 35 
percent in column 2 to 25 percent when controls for industry and district 
of employment are added in column 5. Admittedly, there are potentially 
important omitted variables here—such as the quality of education and indi-
vidual abilities—but for our limited purpose, these results lend credibility 
to the idea that employment in formal/larger firms is more productive and 
better-paying for roughly equivalent workers, thereby suggesting that the 
share of employment accounted for by firms with 10 or more employees is 
a reasonable proxy for the quality of jobs in a city. 

With this, we examine the relationship between the share of employ-
ment in firms with 10 or more employees in 2013 (the EC year closest to 
the population census year of 2011) and the determinants of city growth 
from 2001 to 2011. Table 9 describes the results for two sets of regressions. 
In each set, the results are presented separately for the full sample, the town 
sample, and the city sample.24 Overall, the results are broadly consistent 
with the city growth regressions. Thus, cities that in the initial years have 

24. We also ran these regressions including the 1998 value of employment share of firms 
with 10 or more workers as a control. Its own estimated coefficient is positive and significant, 
and most of the results reported in Table 9 are preserved. The only exception is that the diversity 
index for manufacturing is positive and significant for the full sample and cities; however, the 
dummy for large manufacturing firms is negative and significant in cities. 
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T A B L E  8 .  Wage Regressions, Urban India 2011–12

 NSS Round 68

 I II III IV V

Dependent Variable: Log Wage (Real)

Age 0.045*** 0.043*** 0.043*** 0.040*** 0.043***
(0.000) (0.000) (0.000) (0.000) (0.000)

Age2 –0.000*** –0.000*** –0.000*** –0.000*** –0.000***
(0.000) (0.000) (0.000) (0.000) (0.000)

Sex (male=1) 0.088*** 0.128*** 0.116*** 0.146*** 0.150***
(0.000) (0.000) (0.000) (0.000) (0.000)

D: Years of schooling 0.083*** 0.077*** 0.077*** 0.062*** 0.060***
(0.000) (0.000) (0.000) (0.000) (0.000)

Dummy: Employed in 
firm with 10+ workers

0.345*** 0.334*** 0.280*** 0.251***
(0.000) (0.000) (0.000) (0.000)

Dummy: Big town 0.144*** 0.111*** 0.097*** 0.031***
(0.000) (0.000) (0.000) (0.001)

Constant 3.518*** 3.476*** 3.433*** 3.534*** 3.640***
(0.001) (0.001) (0.001) (0.001) (0.019)

 
Observations  
(population weighted)

29,035,826 29,035,826 29,035,826 29,035,826 29,035,826

R-squared 0.428 0.459 0.463 0.523 0.579
Industry dummies NO NO NO YES YES
District dummies NO NO NO NO YES

Source: Author’s estimates from the National Sample Survey, Employment-Unemployment 2011–12. 
Estimates are calculated using urban data from the 25 states/UTs.
Robust standard errors in parentheses, cluster at state level, *** p < 0.01, ** p < 0.05, * p < 0.1. 
Notes:
1.  “D” denotes district-level statistics. 
2.  Coefficients on Age2 are reported as null due to rounding.
3.  Dummy: Big town is assigned a value of 1 if respondent resides in a city with a population of one million 

or more based on the 2001 population census.

greater entrepreneurship, are closer to expressways or national highways, 
and have large manufacturing firms present, tend to have a larger share 
of good jobs in 2013. Moreover, some of the patterns observed earlier for 
towns and cities are repeated. Thus, the presence of large manufacturers 
and distance to national highways or expressways matter more for towns 
than cities. Entrepreneurship as captured by a larger share of young, 
formal firms, whether restricted to just manufacturing (columns 1–3) or 
not (columns 4–6), matters in both towns and cities, though the size of 
the estimated coefficient is larger for towns rather than cities. This is in 
contrast to the case of the city growth regressions. For the first time, our 
human capital measure—the average years of schooling in the district’s 
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urban population—turns out to be statistically significant and signed in 
the expected direction. Finally, it may be noted that the R-squares are 
considerably higher than those of the city growth regressions, suggesting 
that while the drivers of good jobs do overlap with the drivers of city 
growth, there are clearly some important factors that drive city popula-
tion growth that do not necessarily lead these cities to also provide their 
residents good jobs.

4.4. City Employment Growth and Labor and Land Regulations

Our results so far point to the importance of cities as centers of production. 
We now carry out a simple check of whether employment growth in cities is 
influenced by state- and city-level policies that are likely to affect business 
decisions, namely labor- and land-management-related regulations. Table 10 
describes the results based on regressing city-level employment growth 
over 1998 and 2013 across three industrial groups and based on aggregat-
ing employment across all firms, firms with 10 or more workers, and firms 
with 100 or more workers. All regressions control for initial employment 
and city population growth over 2001 and 2011. The upper panel A includes 
a dummy for whether or not the city is based in a state with flexible labor 
regulations while the lower panel B includes a dummy for states where cities 
have more flexible land-related regulations.

The coefficients on the labor regulation dummy are all positive and 
significant, indicating that city employment growth has been faster in 
states with flexible labor regulations. Moreover, the effect of labor reg-
ulations is stronger for the manufacturing sector and when restricting 
employment growth to just that, based on firms with 10 or more and 100 
or more employees. This is as expected given that India’s labor regulations 
are more binding on the manufacturing sector as compared to the services 
sector and on larger firms. 

The coefficients on the land regulation dummy are also positive and sta-
tistically significant. We also find city-level employment growth to be faster 
in firms with 10 or more and 100 or more employees in states with effective 
land-management policies, especially more so amongst the labor-intensive 
manufacturing sector. Overall, the results are consistent with the idea that 
better functioning labor and land markets encourage city-level economic 
activity and lead to faster employment growth.25

25. We conducted robustness checks by using the raw score of our land management reform 
measures instead of dummies. The results are very similar (Appendix Table A2). 
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5. Conclusion

The key takeaways from our analysis are as follows. First, we find a 
positive association between various dimensions of economic activity and 
population growth of cities. Significantly, some of these dimensions are 
also associated with a higher prevalence of better quality jobs (as proxied 
by the share of employment in firms with 10 or more workers). Second, in 
terms of the dimensions of economic activity that matter, Indian towns with 
a more vibrant manufacturing sector (more diversity in manufacturing, a 
few large manufacturers, and larger shares of manufacturing employment), 
with a larger share of younger, formal firms, and with greater proximity 
to national highways, tend to grow faster. For cities with a population of 
a million or more, manufacturing does not seem to play a special role in 
city growth. Only those with more young, formal firms and greater MA 
grow faster. 

To what extent are these variables also associated with our proxy for 
good jobs? We find that the presence of large manufacturers and a higher 
share of young, formal firms are both associated with a higher share of better 
quality jobs in both cities and towns. In the case of towns, being closer to a 
national highway also helps.

These results are consistent with the notion that modern, large-scale 
manufacturing and better transport connectivity to other locations can 
be an important factor in spurring urban success in smaller cities. At the 
same time, our proxy for entrepreneurship is equally important for urban 
success in both small and large cities, a finding very much in line with 
Duranton’s (2014) observation that the constant entry of new entrepre-
neurs appears to be a key mechanism that allows cities to sustain their 
greater productivity.

Third, we find cities in states with more flexible labor and urban land 
regulations exhibiting faster employment growth in aggregate, as well as 
those regulations based on employment in larger firms where productivity 
and wages are likely to be higher. While the findings for labor regulation are 
not surprising, given the literature on the effects of India’s labor regulations 
on employment and related outcomes, those on land regulations are novel. 
Overall, we take our findings to suggest that urban success requires cities 
to function well as centers of production. This is important from a policy 
perspective since programs for spurring entrepreneurship and economic 
activity are usually thought to be distinct from policies for promoting urban 
development, and vice versa.
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Comments and Discussion*

Rakesh Mohan 
Yale University

Let me congratulate the authors for doing a mountain of work. It is not 
easy to put together these large sets of data and then, of course, to match 
the economic census and the population census. It has probably not been 
done before. 

Introduction

This paper is the result of very careful work indeed, but as a discussant I will 
concentrate on what was not done. The authors basically want to understand 
the determinants of city growth, what kind of cities and towns grow in India, 
and how. Their approach is essentially that of data mining, which is the main 
question I am going to raise throughout. 

It might have been more useful to first refer to the generally accepted 
theories of urban growth and urbanization and then to see how the data can 
be best utilized to test those theories. Such an approach would first include 
consideration of what the appropriate unit is for the analysis of urban growth. 
Is it cities and towns? Or should it be an economy-wide approach? After 
all, it is overall economic policies, economic patterns, and economic growth 
that determine urban growth. So it might have been useful to start at the 
macro level and then successively embed the economy-wide findings into 
a more disaggregated framework. Once one has understood the macroeco-
nomic determinants of urban growth, one can shift one’s attention to the 
within-the-economy distribution of that growth. It would then be useful to 
give some consideration to the spatial disaggregation—the key theme of the 
paper—relevant at the state, district or the city/town level. 

The key issue is to really think of the independent or exogenous variables 
and the policy variables that determine the spatial distribution at each level. 

* To preserve the sense of the discussions at the IPF, these discussants’ comments reflect 
the views expressed at the IPF and do not necessarily take into account revisions to the con-
ference version of the paper in response to these and other comments in preparing the final, 
revised version published in this volume. In this particular case, the paper was revised very 
substantially due to the availability of new economic census data. The original conference 
version of the paper is available on www.ncaer.org.
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It is not clear which of the variables used in the paper are endogenous and 
which are exogenous. There is extensive literature at the global level on the 
exogenous and endogenous determinants of the urban growth process across 
countries, which could be utilized in the paper.

What Would be Useful?

The questions that the authors could address are as follows: What variables 
have explained the differences between economies that have exhibited higher 
rates of urbanization relative to others? Was it just income growth, or was 
it change in the structural features of the economy, such as higher relative 
growth in manufacturing, or in services? One could then use those insights 
for understanding the decadal changes in urban growth in India.

One of the interesting things that have happened in India, which the paper 
refers to as one of its stylized facts, is that the highest urban growth rate took 
place between 1971 and 1981, but, remarkably, it has been slowing down 
since. The chart in the paper showing Asian countries did show this slow 
growth of Indian urbanization. This has been a continuing surprise over the 
last 30 years, because it goes against our conventional understanding of 
urbanization. These are the 30 years when economic growth accelerated. 
We would have expected urbanization also to accelerate. If one understands 
the determinants of urban growth globally, then those insights could be used 
to understand the inter-state variation and the dispersion of growth across 
states in India. Then it would be easier to understand the city-level work 
that the authors have done.

As far as I understand, net rural–urban migration has also slowed down. 
This also goes against conventional wisdom. During the last 30 years or so, 
the difference between agricultural and non-agricultural wages or incomes 
has actually been widening. This should have led to the acceleration of 
rural–urban migration. But this has not happened. Once again, this is very 
different from most other countries. So a better understanding of such 
economy-wide determinants of urban and city growth would be useful in 
looking at the city-level findings of the paper. 

In understanding the slowdown of urban population growth, one determi-
nant is the slowdown in overall national population growth. But that does not 
imply that urbanization or rural–urban migration growth slows down. In fact, 
it could be the opposite. As urban natural population growth comes down, 
per capita income growth in cities and in some rural areas could accelerate. 
That gap has been widening, including due to rural–urban differences in 
family size, but urbanization has not accelerated. 
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One clue to this conundrum is provided by the authors from their finding 
on the importance of manufacturing in urban growth. One distinguishing 
feature of Indian development over the last three decades is the slow growth 
in manufacturing employment despite acceleration, except to a certain extent 
in recent years, of value added and output in manufacturing. This is the key 
issue that has come out in the paper. Have urban policies had an effect on 
manufacturing growth in cities? In fact, all kinds of land and labor policies 
have been against labor-using manufacturing. Is this issue more related to 
economy-wide policies or to town- and city-level variables? Which issues 
are more important for explaining town and city growth—those that have 
to do with the efficient operation of factor markets, or those related to local 
infrastructure and local human capital endowments? If macro, economy-
wide policies are common across the country, what are the town- and city-
level variables that we then want to look at? 

Some Specific Issues

I will end with three specific issues. First, a common error, which the authors 
have also committed in Tables 1a and 1b, is caused by the way census data are 
presented. When looking at the growth in urban population by the size class 
of towns, it is important to recognize that towns/cities graduate to upper size 
class between censuses. So as you go up the size ladder, there is an increasing 
number of towns/cities in the larger size classes. In every size class, some cities 
come in and some exit to the upper level. At the top level, there is no exit. So 
one would always find that even if larger cities do not actually grow faster 
than smaller ones, they appear to grow faster as shown in Table 1. 

Second, more thought needs to be given to what is exogenous and what is 
endogenous. For example, are new entrepreneurs and firms causing higher 
city growth or is there greater opportunity for new entrepreneurs in the cities 
that are growing faster? Which way is the causation? The authors say that 
if you encourage more entrepreneurs to come in, that will cause higher city 
growth, but I am not so sure, because if there is an “oversupply” of entre-
preneurs, they could lose their shirts and growth would fall. Does higher 
education follow higher economic activity, or vice versa? These are just a 
couple of examples. The authors really have to think what the exogenous 
drivers of city growth are. One surprising thing is that in the service sec-
tor, public administration and defense have been excluded. One of the key 
determinants of city growth has always been administration and defense, 
which is an exogenous variable. The new capital in Andhra Pradesh, for 
example, will cause higher city growth. 
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Third, there is a surprising result: larger cities have a smaller number of 
higher education institutions per unit of population. It may be the case that 
higher education institutions are larger in larger cities. The correct measure 
should have been the number of students in higher education as a proportion 
of the city population rather than the number of colleges. 

Pronab Sen 
International Growth Centre, India Central Programme

Let me compliment the authors on a paper I enjoyed thoroughly. The amount 
of care that has gone into the data work is really impressive. I have a bit of 
a disadvantage. Rakesh Mohan is an urban economist, I am not. But I was 
glad to find that the paper actually quoted two of the things I happened to 
have written in two of our five-year plans, both of which actually express 
the sense of bewilderment about urbanization, which I think is what the 
authors have tried to explain. So I come from the perspective of not knowing 
any answers but having a lot of questions that have remained unanswered.

First, we observe that migration does not explain very much of Indian 
urbanization. Does it require a complete change in our theory of urbaniza-
tion? Otherwise, we have taken a theory based on the migration experiences 
of other countries and applied it to a country where migration simply isn’t 
happening. A simple way of getting at this, and in a sense I thought the paper 
would get to it, is to look at two different variables, growth in population and 
growth in area. The migration paradigm tells us that we start with a particular 
geographical area, people migrate in, we get spillovers, and neighboring 
areas then become urbanized. Now think of urbanization without significant 
migration. We have an area that has a certain number of people. The city is 
absorbing such areas along with their people, which is the agglomeration 
that is causing city growth. Migration and agglomeration are different, and 
we have to think about them differently. I am not sure of the appropriate 
theory to handle this, but I am almost certain that theories that relate wage 
differences and productivity differences to city growth are probably not 
relevant. So I would suggest that in the next iteration, the authors should 
try and look at the change in population density, as cities are growing as 
an indicator of urbanization type. In a migration-driven model, this should 
rise; but in an agglomeration model, this would fall.

The second point is that the authors need to be extremely careful in terms 
of what they say about the migrating population. What we do know from 
the data is that practically the entire in-migration for economic reasons is 
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male. Men are moving from villages into towns. However, if we look at 
total migration, the majority is women moving from villages to towns for 
marriage. The economics and the demographics are being driven by two 
different factors. So in looking at the composition of cities and towns, we 
need to keep gender in mind. We cannot and should not ignore it, because 
the effects are different.

The third consideration is a political one. At what stage does an area actu-
ally get counted as an urban area in terms of then changing its governance 
structure? What drives the period for which a census town remains a census 
town, instead of becoming part of a statutory town? Until we have answers 
to these questions, I don’t think we will have a good picture of urban India, 
because India’s urbanization, from the data that I have seen, is different 
from experiences elsewhere. This is something I have been puzzling about 
for 20 years, and I am convinced that “we are really like that only.” India’s 
urbanization is different, but we really haven’t come up with a theory that 
is sui generis. We have taken theories developed elsewhere, we have tried 
to shoehorn the data to fit those theories, and the net result is that we keep 
getting more puzzles rather than enlightenment. 

General Discussion

Karthik Muralidharan observed that the paper focused on urbanization from 
the perspective of its contribution to the growth in jobs and industries, but 
it is also the case that service delivery is much cheaper in more densely 
populated areas. He wondered if in a future extension of the paper, select-
ing a few services and holding their quality constant, if the authors could 
measure and benchmark how much cheaper it is to deliver services as a 
function of spatial density. There is also a lot of value from the diversity 
in the consumption basket that comes about with greater spatial density. 

T.N. Srinivasan agreed with Rakesh Mohan in expressing concern about 
the need to distinguish more clearly between endogenous and exogenous 
determinants of urban growth. Second, he thought there should be a clearer 
distinction between birthplace migration and other forms of migration in 
discussing urbanization. 

Devesh Kapur noted that every micro village study reports high rates of 
migration, whereas every macro study reports little or no migration. How 
do we understand this severe mismatch? He suggested a greater focus on 
mobility, as opposed to migration. For example, improved roads have made 
it possible to travel over much greater distances on a daily basis. Migration 
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is a process where people were born in place X, and now live in place Y. 
His research suggested that people often hide their birthplace and report that 
they have always lived in their current place. He suggested greater caution 
in using census data as the primary measure of migration. 

Rohini Pande applauded the creation of the dataset, which is a lot of work, 
and looked forward to its future use. It has long been thought that govern-
ment policies are pro-rural and urbanization has not had a level playing field. 
For example, the introduction of MGNREGA between the two censuses 
changed the incentives to move to urban areas. Some of the work around 
the way MGNREGA was introduced and the identification strategies that 
this made possible could help to get a handle on the migration data in the 
paper: work by Clément Imbert may be relevant here. Second, she pointed 
to a major difference between India and most other countries—the urban 
female labor force participation rate is lower in urban areas as compared to 
rural areas—that would have an impact on urbanization. 

Suman Bery suggested that the pattern of energy consumption was an 
important dimension of the urbanization process and could be included in 
the study, especially using geospatial data. Second, he suggested that while 
this study relied almost exclusively on census data, NCAER might consider 
collecting sample survey data that might usefully complement this work and 
could provide additional insights. 

Anant Sudarshan pointed to the analysis of night light data as indicat-
ing a more continuous spatial distribution of the population, as opposed to 
clustering in clearly defined urban areas or cities. He cited the night light 
data from Delhi to Lahore as an example. In evaluating the process of urban 
agglomeration, it may be important for the paper to take account of growing 
road networks and the size of the city units that are being defined as urban. 

Dilip Mookherjee liked the emphasis on new firms and entrepreneur-
ship. He thought they were critical to understanding the growth of cities. 
But he also thought that it would be difficult to infer very much about 
entrepreneurship from the information in the census. It might be possible to 
resolve some of the issues around endogeneity perhaps using a vector-auto 
regression approach.

Anupam Khanna thought it would be useful to compare this work with 
prior studies by Chinmaya Tumbe at IIM Ahmedabad. This work also 
focused on migration and urbanization processes, and argued that there were 
important regional differences between the North and South. In addition, 
some prior work with which he was involved in NASSCOM suggested that 
the IT industry played a major role in the growth of the largest metropolitan 
areas after about 2004–05.
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Rajnish Mehra expressed some confusion about whether the authors 
were referring to the growth in the number of small cities or the growth 
rate of small cities. The literature suggests that the growth rate of cities is 
independent of size, in line with Gibrat’s law. Second, it suggests that the 
growth rate of cities is not continuous in size and that when a city comes up 
to a certain size—say, when it has an airport—it will move up to the next 
size. Hence, there is a need to control for the phase of the transition that a 
city’s growth is taking place in. 

Shekhar Shah suggested that the challenges on the data side, particularly 
on the census, that are obvious from this paper should lead to a discussion 
of how the next census could be supplemented. It would be very useful for 
the paper to highlight suggestions in this regard.

B.N. Goldar noted that the Economic Census data has a lot of problems, 
and compared to that the Annual Survey of Industries (ASI) data is much 
more reliable. ASI data by cities may not be easily available to researchers, 
but the sample frame contains the entire universe of firms with 10+ workers, 
and if there is a focus on manufacturing, then it might be worth looking into 
whether the frame could be used.

K.P. Krishnan (chair) cautioned the authors about the data on urban 
infrastructures. Urban infrastructure data is often distorted by the funding 
objectives of urban local bodies that report the information, and the data are 
often adjusted to suit the funding purpose. Second, city growth is measured 
in the paper by population growth and not GDP growth. But city growth 
may not come from changes in economic structure leading to in-migration 
but from changes in the activities of existing workers, so economic structure 
may only be a partial explanation for city growth. Third, he thought it is 
always difficult to identify the precise sources of urban agglomeration, since 
the impetus can come from a number of factors. His sense was that politics 
always has a major role in urban agglomeration. He cited the example of the 
dramatic growth of Bengaluru during 1998–99 to 2004–05. The growth took 
place in eight peripheral areas outside the main city, and this was entirely 
driven by the politics of urban governance.






