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Abstract:

This paper empirically tests the suitability of local vs state government expenditure in providing an environmental
public good, namely airborne pollution control in two municipal areas in India. We employ an innovative
methodology where factual and counterfactual state and local expenditure regimes are constructed to capture
different degrees of decentralization. Econometric results highlight higher efficacy of state level expenditure
(centralization) as spillover/regional effects become important. Particularly, superiority of state expenditure is
evident in the control of suspended particulate matter (SPM), which has wide cross-boundary effects. Local
expenditure and the counterfactual of local expenditure for uniform provision (both decentralized provision
modes) emerge as more effective than state to control point-source local pollutant SO,. However, they may also
supplement the effects generated by state expenditure in the case of NO, emissions, which entail spillovers and
seem amenable to pressure group influence at local level.
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1. Introduction

In the fiscal federalism literature, local expenditure assignment would depend on heterogeneity
of preferences for a public good between local jurisdictions and lack of interjurisdictional
spillover of benefits. The proponents of the first-generation theories of fiscal federalism
(FGFF) have argued that the decentralized provision of local public goods would lead to
potentially large welfare gains (Bradford and Oates, 1974; Rubinfeld, 1987; Oates, 1999). In
the second-generation theories of fiscal federalism (SGFT), an alternative way to decentralize
public sector is that the central government provides local public services with the help of
representation of districts in central legislature and centrally-appointed district officials at the
local level (Seabright, 1996; Lockwood, 2002; Besley and Coate, 2003). They however argue
that sharing of costs in a decentralized system would create a conflict of interest between
different districts both about the level of public spending as well as its allocation between the
districts. This political economy dimension would render local legislative assemblies more
suitable for local goods provision even if the problem of inter-jurisdictional spillovers remains
unresolved. While the supremacy of local government in providing local goods and services in
local jurisdictions is established, the issue is whether this tenet would apply to environmental
services with lack of benefit heterogeneity in the presence of interjurisdictional spillovers is
the concern of this paper. The uncertainty surrounding the interjurisdictional spillover of
positive and negative environmental effects may prove to be a barrier to a simple application
of the fiscal federalism rules to environmental federalism. Environmental quality, for instance,
cannot be taken as a visible and divisible service that is amenable to allocation over local,
regional, and national jurisdictions. Moreover, the beneficiaries of the environmental quality
provided in a locality may not have the option of exercising heterogeneous preferences in terms

of quantity and quality.
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We extend the environmental federalism literature by employing an innovative empirical
model to examine the relative efficacy of local vs state government expenditure in controlling
airborne pollution in a municipal area with Indian subnational data. Environmental problems
present themselves differently in different situations, and local government, on the ground of
the principle of subsidiarity, may seem to offer a better system of environmental governance
for localized pollution. Subsidiarity is one of the features of federalism, which asserts the rights
of the parts over the whole. From green-building initiatives to local farmers’ markets, local
governments have become major players in addressing the most pressing environmental and
public health concerns. Local governments have also used their zoning authority to ban or
restrict land uses that pose environmental risks. However, allocational issues regarding
interjurisdictional environmental governance are complex and have attracted the attention of
public policy researchers. It is argued that sub-national governments may have informational
advantages regarding local environmental issues, but state and central governments are
repository of national and global information, technology, and financial power. It may seem
that in very distinct cases local vs non-local role can be specified. For example, the control of
pollution due to slaughterhouse in a locality or any other sources of localized pollution can be
assigned to a municipal government. Similarly, carbon dioxide (COz) emissions would fall in
national and international jurisdictions. Other environmental public goods or bads
(summarized as environmental quality) would entail varying levels of interjurisdictional
spillovers and their provision may necessarily require either centralization or integrated
environmental governance across alternative levels of governments. This scenario of
environmental governance would also imply that heterogeneity of preferences for
environmental quality becomes irrelevant. Nevertheless, for intermediate cases, environmental
fiscal assignment of pollution abatement over layers of government is worthy of empirical

verification.



ASARC Working Paper 2021-01

The rest of the paper is structured as follows. Section two reviews the relevant empirical
literature. Section three documents the nature and trends of three monitored air pollutants with
implications for efficacy of environmental governance at more decentralized levels of
government. Section four contains model specification, construction of variables, data sources
and estimation strategy. Section five discusses the empirical results. Last section concludes

with policy implications.

2. Existing Literature on Environmental Federalism and Proposed Extension

The celebrated Tiebout (1956) model of residential location does not discuss the significance
of environmental quality of different jurisdiction in his migration model of optimal provision
of local public goods. Banzhaf and Walsh (2008) however test the residential location model
in the context of changing air quality and find strong empirical support for the notion that
households ‘vote with their feet’ for environmental quality. Millimet (2013) argues that it is
not clear from the available literature that individuals sort themselves across jurisdictions

according to environmental preferences, although they may matter at the margin.

Oates (2001) presents an empirical literature on the ‘race to the bottom’ hypothesis and
contends that decentralization may result in environmental degradation due to
interjurisdictional competition to attract business and industry. He emphasizes that the central
government, in addition to setting standards for “national” pollutants, has a fundamental
contribution to make in supporting research in environmental science and pollution control
technology and in providing needed information and guidance to state and local governments.
Millimet (2003) analyzes theoretical models for the effects of decentralized environmental
policymaking with predictions ranging from a ‘race to the top’, a ‘race to the bottom’, or no
effect. His study shows that, by the mid-1980s, US data have been consistent with

decentralization leading to a ‘race to the top’ (improving environmental quality). Anderson and
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Hill (1997) argue that most problems can be solved at the state or local level. They consider a
wide variety of resource issues, including land, water, wildlife, pesticides, and pollution, and
find no evidence that state or local control results in a ‘race to the bottom’ with bad policy
driving out good policy. In other words, local intervention may reduce pollution despite
externalities. Alm and Banzhaf (2012) argue for local environmental policy and examine the
implications of decentralisation for the design of corrective environmental policies, That is,
how does one design economic instruments in a decentralised fiscal system in which
externalities exist at the local level and in which subnational governments have the power to
provide local public services and to choose tax instruments that can both finance these

expenditures and correct the market failures of externalities?

Using a detailed simulation model of the US electricity sector, Banzhaf and Chupp (2012)
empirically explore the tradeoffs for US air pollution. They find that US states acting in their
own interest lose about 31.5% of the potential first-best benefits, whereas the second-best
uniform policy loses only 0.2% of benefits. The centralized policy outperforms the state policy
for two reasons. First, inter-state spillovers are simply more important that inter-state
heterogeneity in this application. Second, because of the convexity of the marginal cost
functions (deceasing returns to scale), costs are much lower over the range relevant to the

centralized policy, dampening the distortions.

Bahl (2013) examines three basic approaches to metropolitan governance, namely
jurisdictional fragmentation, functional fragmentation, and governance emphasizing
coordination and internalizing externalities. In the context of the latter, he argues that while
advocates of metropolitan government make the case for combination of scale economies and
elimination of duplication, they miss the advantages that might come from competition in a

fragmented government setting. In other words, the problem would hinge around how to design
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greater local involvement in fiscal decision making while expanding jurisdictional boundaries

to capture economies of scale and deal with inter-jurisdictional externalities.

In his review of the literature, Millimet (2013) finds no empirical evidence to support the
(intuitive) notion that subnational jurisdictions are better able to act on community preferences
for environment than the central government. Moreover, the empirical evidence concerning the
importance of inter-jurisdictional externalities is compelling, particularly as it relates to
transboundary pollution and strategic policymaking. In this line of research, jurisdictional
differences would have implications for cost and benefit of a project and the nature of these
effects may limit the scope of fiscal federalism. In a study of nutrient control for the Neuse
River in North Carolina, Smith et al., (1997) develop area-specific measures of the benefits
and costs of regulations and illustrate ‘how changes in the composition of the areas allowed to
"count" for policy design can affect decisions about the levels of control judged to meet the net
benefit test’. This shows the difficulties in arriving at optimal solutions under an environmental
policy. van't Veld and Shogren (2012) find that decentralizing the choice between these
regimes does not, in general, induce the socially optimal outcome as some regions may choose
negligence and others strict liability. It is only by combining negligence with a Pigouvian tax,
or strict liability with a bonding requirement that harmonized regional and central
environmental policies can be designed. Coria, & Hennlock, & Sterner (2018) analyze the
effects of the interaction between national and local initiatives designed to reduce emissions
that causes environmental damages both nationally and locally. Their analytical findings with
Swedish data suggest that local regulators are not able to impose emissions standards stringent
enough and that most emissions reductions can be attributed to the national tax, which supports

the case for inter-governmental environmental policy.
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Sigman (2014) empirically examines control of the two public bads, namely a pollutant with
inter-jurisdictional spillovers and a pollutant with more local effects. The evidence points to
higher levels of a regional pollutant with more decentralization. In this case, decentralization
may provide more opportunities for free riding in regional pollutants. The research nevertheless
provides limited support for more general problems from decentralization, such as destructive
regulatory competition or greater sensitivity of local governments to interest group politics. As
regards a pollutant with more local effects, decentralization is shown to be welfare improving.
In addition, his results suggest higher inter-jurisdictional variations in pollution in countries
with federal systems. Such variations in pollution over regions may support the traditional view
that decentralization would allow better tailoring of policies to local conditions. Two
noteworthy studies on India by Lovo (2018) and Kattumuri and Lovo (2018) empirically
examine the decentralization of environmental impact assessment (EIA) in 2006 from Center
to state level, later extended to districts in 2016. They find that decentralization of EIA from
Center to states has improved enforcement and reduced pollution through comparatively fewer
firm being born in states with stricter environmental law enforcement. Their findings
emphasize the significance of proactive implementation at the subnational level of a regulatory
policy designed at the national level. In a recent study, Steurer and Clar (2018) analyze the role
played by federalism in Austria in greening the decentralized building sector (relevant for
mitigation), on the one hand, and in improving regional flood risk management (relevant for
adaptation), on the other. They show that federalism appears more appropriate for regional
flood protection than for mitigating climate change. The latter require higher level
governmental intervention. Chen and Liu (2020) capture both fiscal expenditure
decentralization and fiscal revenue decentralization in China and show that the impact of fiscal

decentralization on environmental pollution is positive and appears the phenomenon of “race
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to bottom.” This research supports the case for limited role of local government in pollution

control.

The upshot of the literature review with mixed results is that in the presence of negative
externalities, borderless benefit areas of environmental quality, and limitations of
environmental policy instruments, the design of environmental quality governance would
remain a challenge for researchers and policymakers. The literature reviewed here is highly
skewed towards findings emanating from developed countries. For instance, the suitability of
local versus state governance in the context of addressing atmospheric quality has not been
analyzed using developing country experiences. This study attempts to fill this gap by

analyzing air pollution control in urban environments of Mumbai and Delhi in India.

3. Air pollutants in India’s mega-cities — with focus on Delhi and Mumbai

We propose to analyze the relative efficiency of alternative government levels, more
specifically, state vs local in alleviating air quality degradation measured by three air pollutants,
namely sulphur dioxide (SO:), nitrogen dioxide (NO:2) and suspended particulate matter
(SPM). These municipal areas would entail pollution ranging from localized slaughterhouse
gases to global CO2 emissions. Our analysis does not consider carbon dioxide emissions for
which information is not available in terms of municipal area. Moreover, COz is considered a
uniformly mixed air pollutant whose extent of damage (e.g. climate change) depends on total
emissions worldwide. This is unlike SO2, NO2 and SPM which have characteristics of non-
uniformly mixed pollutants and tend to be localized in regions close to the site of emissions,
with high incidence particularly in cities and urban areas (Guttikunda et al., 2014). This section
looks at the nature, impact area and trends of these three air pollutants emphasizing

implications on probable efficacy of decentralized environmental governance approaches.
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3.1 Nature of pollutants

Table 1 attempts characterization of these atmospheric pollutants in terms of their nature,
possible sources and range of impact with implications for the efficacy of control measures by
different levels of government. SO2 and NO: are gaseous in nature while SPM can be
microscopic solid or liquid matter suspended in the earth’s atmosphere (except pure water).
These particles can be of various sizes, the upper limit being 50-100um (micrometer) in
diameter (CPCB, 2010). Our analysis focuses on particulate matter of size less than 10um (also
called PMio), which is regularly monitored by the Central Pollution Control Board (CPCB) in

India since 1999.

While all three are non-uniformly mixed air pollutants, SO2 and NO2 are primary pollutants,
that is, they are composed of material in the same chemical form as when they were emitted
into the atmosphere. NO2 however can act as precursor for formation of secondary pollutants
including secondary SPM. Examples of primary SPM are windblown dust, sea salt, road dust,
mechanically generated particles and combustion-generated particles such as fly ash and soot.
Secondary particles are formed from condensable vapors generated by chemical reactions of
gas-phase precursors. Secondary processes can result in either the formation of new particles
or the addition of PM to pre-existing particles. Primary SPM, unlike secondary particles, can
be correlated more straightforwardly to sources of emissions while secondary formation is a
function of many factors like concentrations of precursors, concentrations of other gaseous

reactive species (e.g. ozone), atmospheric conditions, and cloud or fog droplet interactions.

Table 1: Nature, probable sources and range of impact of SO2, NO2 and SPM

Nature / SO: NO: SPM
Characteristic

Non-uniformly mixed Yes Yes Yes
pollutant (subject to

spatial

concentrations)



Primary vs secondary
pollutant

Point source

Range of impact

Continuous pollutant

Primary

Yes (predominantly) -
Mainly localized e.g.
SO, emissions from a
power plant.

Also possible: long
range impacts like acid
rain

Mainly local as the
effects/ concentrations
get dissipated in the air
with distance.

In the case of acid rain,
effects may be
transboundary.

Yes
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Primary

- Can be a precursor for
formation of secondary
pollutants like ozone,
and photochemical smog

No

Pollution comes from
multiple sources (e.g.
vehicular emissions,
power plants).
Difficult and /or
impractical to pinpoint
specific local sources.
Mostly localized as
concentrations get
quickly dissipated in the
air.

However, formation of
secondary pollutants
may have spill over
effects.

Yes

Primary

Also secondary pollutant
formed as a result of
complex reactions with
atmospheric constituents and
other pollutants (precursors)
Not straightforward —
Particles may be formed due
to local pollutants and
precursor pollutants that can
cross boundaries

Mainly localized but with
source being local and
regional

Yes

But with seasonal peaks.
E.g., in Delhi, peak is
experienced during winters
due timing of regional crop
fires that coincide with the
period of temperature
inversion and clear sky in the
city.

Source: Authors using information from CPCB (2010, 2016) and National Research Council (2010).

From Table 1, SOz is a point source pollutant whose emitters are identifiable whereas NO2z and
SPM are predominantly non-point source air pollutants due to widespread sources and impact
area. Apportionment of sources of pollutants, particularly in case of secondary particles, is a
daunting task due to mixture of activities in urban centers like industrial, commercial, transport,
residential and slums. Shifting industries, land use patterns and changes in combustion
practices increase the difficulty of source profiling. Moreover, heterogeneity of modes of
transport, large number of vintage vehicles complicates estimation of vehicular emissions.
While more localized and point source pollutants may be tackled at the local level, non-point
source pollutants would require coordinated policies between decentralized and higher levels

of government due spillover effects and opportunities for free riding.

10
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3.2 Trends in air pollution and source apportionment

Over the period 1996 to 2016, SO2 levels in Delhi and Mumbiai cities have complied to NAAQS
(national ambient air quality standards) set by the CPCB, that is, not exceeding 50 ug/m? (CSO,
2017). Particularly, Delhi records 10.1+4.9 ug/m* and Mumbai, 9.9+6.1 ug/m®. A declining
trend in SOz emissions is observed over this timeline, which is more pronounced in Mumbai (-
66.7%) than in Delhi (-59.5%). The reduction would be explained by the phasing out of diesel
driven buses and implementation of clean fuel standards, particularly Bharat 4 diesel (50 ppm
Sulphur) and Bharat Stage—IIl norms to commercial vehicles (CPCB, 2016). Moreover,
relocation or refurbishing of industries consuming coal and diesel with better efficiency norms
have led to this compliance.

As regards NO: levels, a steadily increasing trend over years 1999-2016 is observed in Delhi
where emissions have exceeded NAAQS and WHO 2005 standards of 40 pg/m?* post year 2000,
with a spread of 47.4+14.2 ng/m’. Delhi is found to rank second after Kolkata in terms of NO2
emissions in past ten years. Mumbai, conversely, displays significantly lower levels of NO2
emissions (25.8+8.3 pug/m?) than Delhi emissions, and has experienced a 15% decline. Delhi

on the other hand witnessed a growth rate of 66.2% in NO: levels.

Coming to SPM, data published by the CPBC extends from years 1999 to 2016. SPM levels in
the two mega-cites are found to exceed WHO 2006 standards of 20 ug/m? as well as national
NAAQS limit of 60 pg/m’. Delhi city is the largest emitter of SPM in India with levels
(200.8+44.6p1g/m>) almost double that of Mumbai (104.1+21.9 pg/m?). Moreover, the growth

rate of particulate matter has been higher in Delhi at 40.1% than in Mumbai (31.3%).

The most commonly and identified sources of airborne pollution in India’s mega-cities are
vehicles, manufacturing, construction, road dust, waste burning, and combustion of oil, coal

and biomass in households. From Sindhwani and Goyal (2014), 72% of the total air pollution

11
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load in Delhi can be attributed to vehicular pollution. A multi-city study by the CPCB reveals
that in Delhi and Mumbai, vehicular contribution to total air pollution load is about 5-12% for
SO2, 66-74% NOx (nitrogen oxides), and 3-12% for SPM (CPCB, 2010). According to this
study, vehicular pollution in Delhi contributes 67% of the total air pollution load, dust and
construction 45%, waste burning 17%, and transport 14%. For Mumbai, contribution of dust,

transport and waste burning are respectively 35%, 17% and 16%.

CPCB (2010) and NEERI (2010a, 2010b) also categorize sources of pollutants as area source,
industrial source and line source as displayed in Table 2. Detailed categorization for Delhi
(NEERI, 2010a) comparable to that of Mumbai (reported in Table 2) is however not available.
SOz pollution is shown to emanate predominantly from industrial source — 93.8% in Mumbai
and 98.8% in Delhi (NEERI, 2010a). As suspected, the impact area of this air pollutant appears
localized with identifiable and relatively few emitters (relative to NO2 and SPM), namely
power plants and industries. Hence, control of the pollutant may be feasible to address by local

level government.

Coming to NOz2, from Table 2, emissions in Mumbai appear mainly distributed across industrial
sector (47.5%) and area source (40.8%) - with the majority being emitted by locomotives (61%
of area source) and the domestic sector. Only 11.7% is attributed to line source. By contrast, in
Delhi, principal contributors of NO:z load are industrial sector (78.4%) and vehicular emissions
(18.3%) (NEERI, 2010a). While the fleet of vehicles in Delhi has been increasing tremendously
over the years leading to rise in NO2 emissions, installed air pollution devices in many
industries are in idle conditions, resulting in emission of pollutants directly into the atmosphere
without any filtration (CPCB, 2016). Further, construction of short chimneys also restricts the
polluting gases to escape into the upper layers of the atmosphere. In a nutshell, the greater

number of NO2 emitters (relative to SO2) makes targeting of emission control at point source

12
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an impractical task. Moreover, numerous sources of NO2 emissions in Delhi may imply higher
dispersion leading to spillover to (and from) regions in the periphery and outside the municipal
areas warranting intervention from higher levels of government. Nevertheless, lax regulations
of industries in Delhi may imply political economy dimensions such as pressure from industrial
groups at local government level so that state regulation may emerge as more effective than

local.

Table 2: Source apportionment of air pollutants in Mumbai city (2010)

SO, NO; SPM

(T/yr) % Total (T /yr) % Total (T/yr) % Total
A. Area source 3266 5.8 321442 40.8 9815.3 36.6
Bakeries n. n. 15.8
Hotels & restaurants n n 6
Open burning n. n. 7.5
Land fill open burning n n 29.6
Construction activities 23.3
Domestic sector 38.6 30.9 5.8
Locomotive 44.4 61.3 5.2
B. Industrial source 52983.5 93.8 37379.7 47.5 7526.3 28.1
Power plant 46.2 77.4 74.8
Stone crushers 18.5
Industries 53.8 22.6 6.7
C. Line source 229.7 04 9169.2 11.7 9469.2 35.3
Vehicular
2 wheeler n. 5.9 n.
3 wheeler n. 4 n.
Car diesel 38 11.6 n.
car petrol n. 3.4 n.
HMV 55.2 75 9.7
Taxis n. n. n.
Road dust
Paved Road dust Nil Nil 334
Unpaved Road dust Nil Nil 50.3
Total (A+B+C) 56479.2 100 78693.1 100  26810.8 100

Source: Computed from NEEC (2010a) and NEEC (2010b). Figures in italics show percentage in respective
sources of pollution, namely area, industrial and line. T/year: tons per year; n: negligible percentage (< 5%).

13
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As regards SPM, emissions in Mumbai are spread amongst the three sources: 36.6% for area
emissions predominantly from open burning and construction activities; 28.1% from industrial
sources and 35.3 % from line sources mainly road dust (Table 2). In Delhi, line source
contributes 59.1% of SPM (88.8% being from road dust) (NEERI, 2010a). Next is industrial
source at 22% and area source, 18.8% — predominantly the domestic sector (44% of area
source) and locomotives (43%). For Delhi, in residential locations, the major contributors of
SPM (PMo) are construction activities and transportation; in kerbside locations, road side dust
and construction activities; and at industrial locations, road dust, garbage burning, and
construction activities (CPCB, 2016). Source apportionment of SPM depicted in Table 2 is
however not totally comprehensive as both local and regional (transboundary) emissions are
responsible for most particulate concentrations that exceed air quality standards in the city. For
instance, regional agricultural emissions like stubble burning from neighboring state (Punjab)
and industrial emissions from uncontrolled sources in Delhi’s surrounding perimeter (where
city regulations do not apply and those that apply are not followed stringently) contribute to

secondary and primary SPM formation within Delhi city (Kumar ef al., 2015).

To compound the problem, geography has a role to play regarding concentrations of pollutants.
Delhi is landlocked, while Mumbai, a coastal city would have the opportunity to clean its
pollution with the flow of sea breeze. Dense smog formation during winter months in Delhi
can be attributed to vehicular pollution as well as the prevailing meteorological conditions in
the months of December and January. Delhi and Northern India face temperature inversion in
Winter, which creates a layer that traps pollutants, causing higher pollution concentrations in
the city. Similarly, wind pattern also affects the weather conditions. According to a study,
during the autumn and winter months, approximately 500 million tons of crop residues are
burnt in Indo-Gangetic plains. With wind blowing from north and north-west to the east

direction during winters, pollution levels in Delhi are significantly impacted (Sharma et al.,

14
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2010). While geography cannot be controlled by the government, mitigation measures
particularly to reduce transboundary impacts on city level SPM would necessitate higher level

interventions and coordination at regional and peripheral levels.

4. Modelling Efficacy of Air Pollution Mitigation by State and Local Expenditure

The upshot of the previous discussion is that while SOz levels have been declining, NO2 and
SPM emissions are cause for concern. Our postulations of higher or lower regulatory efficiency
of state and local expenditures in mitigating the above pollutants constitutes the central research
enquiry in the empirical part of the paper. The dispersion or spread of the pollutants implied by
high number of (identifiable) sources of emissions will have repercussions on feasibility and

effectiveness of pollution mitigation by different levels of government.

We expect higher efficacy in controlling air borne pollution at local level for SOz, need for
coordination between government at different levels for NO2 control specially in presence of
local interest groups, and higher-level government intervention for SPM mitigation due to wide

transboundary effects and its nature as a secondary pollutant.

The sample in our study consists of municipal jurisdictions of Delhi and Mumbai. Municipal
Corporation of Greater Mumbeai is the financial capital of India and located in the big state of
Maharashtra. Delhi Municipal Corporation falls in the State of Delhi, which is much smaller
in area and population, but it is in the heart of national capital region (NCR). While the states
of Maharashtra and Delhi are not comparable on several counts, the selection of the two major
municipal corporations is based on the premise that besides facing high incidence of air
pollution, these local bodies are major and most resourceful in terms of finance and human
resource. Thus. the performance of these institutions can be compared with state government

intervention in environmental quality control. The other important dimension is the
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geographical location of these municipal jurisdictions. Bombay municipal corporation covers
a coastal city whereas Delhi is a landlocked city. The pollution levels in coastal locations are
supposed to be lower than the levels obtained in landlocked area because of sea wind sweeping
away a good part of pollution. In other words, these two corporations are characterized by
climatic differences, the influence of which would need to be accounted for in any comparative

analysis.

4.1 The model and construction of counterfactuals

We extend the models of Brueckner (1979, 1982) and Nath and Schroeder (2007) by replacing
maximization of local property value with minimization of local pollution level through local
and state government expenditure activity. Unlike direct interventions, it is assumed that state
and local government expenditure on regulation through policies, institutions and projects
would reduce pollution levels in cities. Three local air pollution abatement functions are

specified as follows:

- S0»=f(NSDP, SE, LE*) (1)
. NO:=f(NSDP, SE, LE¥) 2)
- SPM = f (NSDP, SE, LE¥) 3)

In equations (1)-(3), NSDP (net state domestic product) is included as a control variable,
capturing dual aspects of income on pollution, namely, an output effect resulting in increase in
pollution due to production activities; and a capacity effect leading to decrease in pollution
through enhanced investment in environmental protection. SE denotes state environmental
expenditure, proxied by state revenue expenditure (due to unavailability of such information).

LE*, the variable of interest, is measured as factual expenditure of municipal corporations on

16
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pollution abatement and, alternatively, as counterfactual local expenditure as if incurred by the

state government on behalf of local government.

While designing counterfactual local expenditure, we use the scenarios discussed in the first-
and second-generation theories of fiscal federalism (see Box I). The measures of alternative
local environmental governance are constructed in two ways: (i) as counterfactual state
assembly (counterfactual 1 or CF1) providing uniform local goods, and (ii) as counterfactual
state assembly with representation of local representatives in state assembly (counterfactual 2

or CF2) using inputs provided by local assemblies.

Box I: Construction of alternative governments as counterfactual

e LE: Local factual to capture decentralized provision (Oates, FGFT)

e SE: State factual to capture uniform provision without consultation with local
governments

e LEav (CF1) is a counterfactual of LE when expenditure decisions are taken by the state
but in consultations with locally elected representatives in local assemblies. It
represents average of LE of Bombay and Delhi municipal corporations to provide
uniform environmental quality.

e LEg (CF2) represents a counterfactual of LE when decisions are taken by the State
government in consultation with locally elected representatives in the state assembly to
provide differentiated local service (Besley and Coate, SGFT). This counterfactual is
constructed using amounts of grants to local bodies. The contention is that differential
grants to local bodies would carry information about differential need of different

localities.

4.2 Sources of data

17
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Local and state expenditure data are taken from Municipal Budgets and RBI (2016),
respectively. Local municipal revenue expenditure figures are available over years 1981 to
2009 for the Municipal Corporation of Delhi (MCD), and years 1981 to 2013 for the Municipal
Corporation of Greater Mumbai (MCGM). Moreover, published information on state level
expenditure data for Delhi spans over years 1994 to 2016 while a longer series is obtained for
the State of Maharashtra covering years 1981 to 2016. Net State Domestic Product (NSDP) at
constant prices is reported in the Handbook of Statistics on Indian States (RBI, 2016)
Monitored average annual level of SO2, NO2 and SPM emissions are compiled by CPCB (also
reported in CSO (2017) and are available from 1996-2016 for SOz, 1996-2016 for NO2 and
1999-2016 for SPM. In the absence of comparable and reliable data on expenditure on pollution
abatement at state and local levels, total state expenditure and total local expenditure,
respectively are taken to represent environmental expenditure at alternative levels. The use of
aggregate municipal expenditure data in the empirical analysis to determine efficiency may be
justified to satisfy the scale of local expenditure operation against the state level environmental
programs. Since the pollution abatement programs will be implemented by state and municipal
governments in the municipal jurisdictions of Delhi and Bombay, it is assumed that both

governments would face similar labor, capital and technological cost opportunities.

4.3 Estimation strategy

The crux of our empirical exercise hinges around testing the differential effectiveness of
centralized state expenditure (SE(factual)) on air pollution control as against different modes
of decentralized provision (LE(factual), CF1 and CF2) as illustrated by the matrix in Figure 1.
LE(factual) is at one extreme involving fully decentralized/municipal provision using local
expenditure to satisfy the heterogenous demands of the local population for air quality (locality-

specific decentralization). The other extreme is centralized state provision to provide uniform
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services. The two counterfactuals, LEav(CF1) and LEg(CF2), may be viewed as intermediate
decentralization models. More specifically, LEav(CF1) is constructed by averaging municipal
expenditures of Mumbai and Delhi to provide uniform services within municipal jurisdiction
In other words, two municipal corporations decide to undertake similar steps to achieve
uniform service (Inter-locality decentralization). Conversely, LEg(CF2) represents state
provision of differentiated services by consulting locally elected representatives in state
assembly (Besely and Coate approach) though grant finance. The local machinery is however
used to implement aided expenditure projects. We can call it centralized decentralization or
de-concentration.

Figure 1: Decentralization regimes across uniform vs. heterogenous provision

State Municipal
Uniform SE(factual) LEav(CF1)**
Heterogenous LEg(CF2)* LE(factual)

Source: Authors’ postulations. *: Average of municipal expenditure; **: Grant financed municipal expenditure.

Models are first estimated with state expenditure (SE) and actual local expenditure (LEfactual)
as represented in equations (1), (2) and (3). Subsequently, the equations are also estimated
using LEave (CF1) in place of LE to provide uniform local services and using LEG (CF2) to
capture the decentralized provision of local service by the state government.

Due to constrained sample size for individual municipalities, we use pooled data arrangement
to conduct the empirical analysis. Models (1)-(3) are estimated individually using pooled
ordinary least squares (POLS) technique. Moreover, SURE (seemingly unrelated regression
equations) and IV (instrumental variable) methodologies are also employed as robustness

checks.
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The attractiveness of the SUR strategy is that it produces more precise estimators than POLS
in the event of contemporaneous correlation across equations in the system (Greene, 2012). If
the errors however are not correlated, SURE estimators would reduce to OLS. It is good to note
that SURE technique looks appropriate from significant Breusch-Pagan test statistics for serial
independence of errors between pollution equations (1)-(3) (see Appendix Table A.2). Thus,
estimation of these equations as a system rather than individually (as does POLS) seems
preferred. Nevertheless, the interpretations remain constrained by small degrees of freedom.
Addressing the problem of endogeneity of NSDP is also essential as, in a recent study, Hao et
al. (2018) find that an increase in air pollution (PM2.s concentration) in cities in North and East
China has a significant negative impact on GDP per capita. We employ IV to addresses
potential endogeneity between the air pollutants and income (NSDP), which would render
POLS estimates biased and inconsistent Empirical findings from the different estimation
approaches are presented in Appendix Tables A.1-A.3. As additional sensitivity check, we
report results without and with Delhi climate dummy in Panels A and B of each Appendix
Table, respectively. The climate dummy captures the climate as well as locational differences

(coastal vs landlocked) between the two municipal corporations.

5. Empirical Results and Discussion

The results are discussed according to factual and counterfactual state and local expenditure,
respectively. In Table 3, effectiveness of these alternate forms of governance in terms of air
pollution control is inferred when the coefficient on the respective expenditure variable is
significantly negative (detailed results reported in Appendix Tables). From Panel A, in the case
of a more localized pollutant like SO2 whose major emitters are relatively few and easily
identifiable, control policies at the local level (LEfactal) or in consultation with local

representatives in local assembly (LEavc) appear successful in reducing the problem. This is
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facilitated as enforcement costs as well as administrative costs would be lower relative to more

dispersed pollutants NO2 and SPM. SE, on the other hand, seems to have limited role in SO2

control. When we control for Delhi climate (Panel B), however, it now appears that both SE

and LEavc would have some significant role in pollution control whereas LEfactual is now less

important (insignificant). These findings may highlight success of well-designed and

coordinated efforts at both local and state level for achieving reduced SO2 emissions.

Table 3: Summary of results on effectiveness of expenditure measures

Expenditure SO: control NO:2 control SPM control
Variables POLS SURE v POLS SURE IV POLS SURE IV
PANEL A: Without Delhi climate dummy
SE (factual) No No Yes Yes Yes Yes Yes No No
(except (except (except (except
with with with with
LEg) LEg) LEfactual) LEg)
LEfactual Yes Yes Yes No No No No No No
CF1: LEavc  Yes Yes Yes No No No No No No
CF2: LEG No No No No No No No No No
PANEL B: With Delhi climate dummy
SE (factual) No Yes Yes Yes Yes No No No
(except (except  (except (except Yes (except
with with with with with
LEc) LEave)  LEavc) LEava) LEavc)
LEfactual No No No No No No No No No
CF1: LEavé  Yes No Yes No No No No No No
CF2: LEc No No No No No No No No No
DL Climate  -vesig -vesig  -vesig +vesig +vesig +ve sig +vesig  +ve +ve
(except (except  (except (except (except sig sig
with with with with with
LEavg) LEavg) LEave) LEfactual LEfactual)
)

Source: Estimated.

SE: Stated revenue expenditure; LEgcwa: Municipal corporation revenue expenditure or local expenditure by local
assembly; LEavg: Counterfactual 1 of Mumbai and Delhi municipal corporations to provide uniform
environmental quality; LEg: Counterfactual 2 constructed using amounts of grants to local bodies. POLS: robust
Pooled OLS estimates; SURE: Seemingly Unrelated Regression Equations estimates; and IV: Instrumental

Variable estimates.
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As regards NO2, emitters are many (mainly vehicles and industries) so that the air pollutant is
expected to be more dispersed than SO2. Externalities may also be higher with impacts spilling
outside the municipal region. POLS and IV results in Table 3 indicate that the spillover effects
are significant, state control is overwhelmingly warranted. This result is robust to the inclusion
of Delhi climate dummy (favouring NO2 accumulation) in our models. State level interventions
would be more effective in addressing the free riding problem by spreading regulatory and
abatement costs to beneficiaries outside the municipal area. Moreover, lax environmental
regulations in cities and their periphery (CPCB, 2016) may imply pressure group influence,
particularly from the polluting industrial sector, on local governments rendering them

unsuccessful in implementing regulations as opposed to state government.

Coming to SPM, which is both a primary and secondary air pollutant, sources of pollution
appear more difficult to identify than in case of NO2 and secondary effects would imply cross
boundary effects of higher magnitude in and out of the municipal area. Thus, reduction of the
pollutant is not solely in the control of local bodies. While POLS in Panel A demonstrate some
success of state intervention in reducing SPM levels, this result just disappears when we use
alternate estimation methods and control for Delhi climate (Panel B). Moreover, all localized
interventions also emerge as unsuccessful. Delhi climate would appear to be a major culprit for
SPM emission levels. If we believe POLS results, then state level effort would have potential
in reducing yearly SPM emissions. Nevertheless, in the light of these results, it can be
conjectured that the situation would have worsened in both the cities due to lack of (any or)
sustained efforts at the state level and coordination with sub-urban and other regional bodies
in addressing the problem. For instance, in Delhi, major sources of SPM pollution include road
dust, but also industrial activities, construction and thermal power plant emissions located
mainly outside the city boundaries (including nearby states). Road dust, which is also

significantly felt in Mumbai would largely be attributed to vehicular concentration, network of
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unpaved roads as well as ongoing construction work. Expansion in the fleet of vehicles in these
megacities over the sample period would have more than offset any power of regulations,
worsening (or least not alleviating) the SPM problem. Ex post, the (occasional) shutting down
of thermal plants such as National Capital Power Station NTPC Dadri (located outside Delhi
state) and Badarpur Thermal Plant (in Delhi State), did not reduce severity of SPM pollution.
The important pressure groups such as from industry and construction activities located in and
outside the megacity (including other states) would imply constraint on any efforts by state
government in designing regulations and performing effective monitoring and implementation.
We conjecture that for a complex pollutant like SPM crossing city and state boundaries would

involve more powerful players that may render even state officials less willing to regulate.

To be specific, LE(factual) addressing localised effects and CFI1(inter-locality uniform
provision) appear to be effective for SOz regulation due to minimal interjurisdictional spill
overs. SE seems to be instrumental in reducing NO2 levels on the grounds of uniform provision
and interjurisdictional spill overs. As regards, SPM, with larger impact area covering the state
and beyond would appear to work against decentralised intervention, rendering both local and
state interventions ineffective. Nevertheless, CF2 (centralised decentralisation or de-

concentration) as mode of environmental governance is found to be generally ineffective.

The coefficients on net state domestic product (NSDP) are usually positive but not always
significant (Appendix Tables A.1-A.3). The impact of NSDP entails two dimensions: an output
effect that is higher output produces higher pollution and a capacity effect that increases the
fiscal resources to invest in technology and meet higher expenditure needs to alleviate
pollution. Significantly positive coefficient would indicate the polluting nature of production
process overpowering the capacity effect. In some cases, negative and significant coefficients

would convey a rise in the fiscal capacity factor as NSDP increases that would act as pollution
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reducing channel. Where insignificant, we may conjecture that the two effects (output and

fiscal) cancel each other.

6. Conclusion and Emerging Policy Issues

Recent advances in environmental governance literature concentrate on comparing the relative
efficacy of central vs sub-national government involvement in environmental abatement
strategies. It is argued that sub-national governments may have informational advantages as
regards regional and local environmental issues, however central government is a repository of
national and global information, technology development and financial power. An attempt is
made in this paper to extend the above arguments at the subnational level, that is, between
state/regional and local government. We test the efficacy of local government (municipal)
expenditure and state level expenditure in alleviating air pollution in the municipal jurisdiction
of Bombay and Delhi due to SO2, NO2 and SPM (PM.o). The empirical exercise however does
not yield any straightforward result in support of local intervention except in the case of SOz,
which is mainly localized. Thus, whereas a strong case is made for decentralization in the fiscal
federalism literature, our results do not support environmental federalism to control borderless
airborne pollutants, namely SPM and NOz. Our findings highlight the difficult task of
determining the benefit area of environmental quality and employing policy instruments by

different levels of government to correct negative externalities.

Our empirical results can be summarized as follows. Local municipal expenditure and
decentralized provision measured by counterfactual CF1 are effective in reducing the more
localized point source pollutant SO2, but not in case of the dispersed non-point source
pollutants, NO2 and SPM. In these cases, the spill over effects from and outside the municipal
jurisdiction are significant, which implies that higher information costs (including on

polluters/beneficiaries outside the locality), transaction costs and enforcement costs required
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for effective pollution control. Moreover, pressure group influence, for example, from
industries in neighbouring areas or in the city may deepen the ineffectiveness of local
interventions. State level expenditure thus emerges as overwhelmingly successful in controlling
these two pollutants as opposed to other decentralised expenditure regimes. Nevertheless, in
the case of NO2, which seems more localized relative to SPM, results display some scope for

success of coordinated efforts of local and state level to control these emissions.

These findings may be taken as exploratory due to restricted sample size and small stock of
fiscal and real data available. However, this exercise provides a new framework to examine the
issues underlying the allocation of pollution abatement functions across different layers of
government. In the local context, the role of municipal expenditure in pollution mitigation
should not be underplayed. Our findings point towards the possibility that, with proper
monitoring from higher level governments, local governments can significantly contribute to
environmental governance efforts of state and central governments. It is however important to
note that the success of state level environmental policy in addressing pollution underlies the
notion that national level centralization may not be ideal. As Ryan (2015) puts it very aptly,
environmental federalism is lighting a path away from the old “zero-sum” model of federalism
(which treats every assertion of authority at one jurisdictional level as a loss of authority for
the others), and pushes toward a model of negotiated federalism emphasizing consultation,

compromise, and coordination.

An alternate counterfactual that is not explored in our empirical exercise is public-private
partnership (PPP) whereby local governments may partner with private operators for example
in attempts to (i) reduce number of private car commuters on the road such as by increasing
the flight of public/private bus or other vehicular transport; (i1) help to finance develop clean

modes of transport such as electric buses or vehicles running with fuel cells; and (iii) support
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to develop alternate modes of clean energy for industries. This partnership mode may constitute

an important further research issue involving environmental managers of big cities.

Acknowledgements: The authors are grateful to J K Brueckner of Yale University, USA and
Raghbendra Jha of Australian National University, Canberra for their helpful comments on an

earlier draft of the paper.

References

Alm, J., & Banzhaf, H. S. (2012). Designing economic instruments for the environment in a
decentralised fiscal system. Journal of Economic Surveys :26(2), 177-202.

Anderson, T. L., & Hill, P. J. (eds.) (1997). Environmental Federalism. Lanham: Rowman & Littlefield
Publishers.

Bahl, R. W. (2013). The decentralization of governance in metropolitan areas in Roy Bahl, Johannes Linn and
Deborah Wetzel (Eds). Financing Metropolitan Governance in Developing Countries, Cambridge, MA, Lincoln
Institute of Land Policy: 85-106.

Banzhaf, H. S., & Walsh, R. P. (2008). Do people vote with their feet? An empirical test of Tiebout. American
Economic Review, 98(3), 843-63.

Besley, T., & Coate, S. (2003). Centralized versus decentralized provision of local public goods: A political
economy approach. Journal of Public Economics, 87(12), 2611-2637.

Bradford, D. F., & Oates, W. E. (1974). Suburban exploitation of central cities and governmental structure. In
Harold Hochman and George Peterson (eds.), Redistribution Through Public Choice (pp. 43-90). New York:
Columbia University Press.

Brueckner, J.K. (1979). Property values, local public expenditure, and economic efficiency. Journal of Public
Economics, 11, 223-245.

Brueckner, J.K. (1982). A test for allocative efficiency in the local public sector. Journal of Public Economics,
19, 311-331.

Coria, Jessica & Hennlock, Magnus & Sterner, Thomas. 2018. Fiscal federalism, interjurisdictional externalities
and overlapping policies, Working Paper 18-23 October, Resources for the Future, Washington, D.C.

CPCB (Central Pollution Control Board) (2010). Air Quality Monitoring, Emission Inventory and Source
Apportionment for Indian Cities. Central Pollution Control Board, The Government of India, New Delhi.

CPCB (2010b). Air Quality Assessment, Emissions Inventory and Source Apportionment Studies: Mumbai

CPCB (2016). Air Pollution in Delhi: An Analysis. Central Pollution Control Board, The Government of India,
New Delhi.

CSO (Central Statistical Office) (2017). Compendium of Environment Statistics 2016. Ministry of Statistics and
Programme Implementation, Government of India, New Delhi.

Government of India (various years). Ministry of Statistics and Programme Implementation, New Delhi.
Greene, W. H. (2012). Econometric Analysis (Seventh ed.). Upper Saddle River: Pearson Prentice-Hall.

Guttikunda, S. K., Goel, R, and Pant, P, (2014). Nature of air pollution, emission sources, and management in the
Indian Cities, Atmospheric Environment 95: 501-510.

Hao, Y., Peng, H., Temulun, T., Liu, L. Q., Mao, J., Lu, Z. N., & Chen, H. (2018). How harmful is air pollution
to economic development? New evidence from PM2.5 concentrations of Chinese cities. Journal of cleaner
production, 172, 743-757.

26



ASARC Working Paper 2021-01

Kattumuri, R., & Lovo, S. (2018). Decentralisation of environmental regulations in India. Economic and Political
Weekly, 53(43), 33-38.

Kumar, P., Khare, M., Harrison, R. M., Bloss, W. J., Lewis, A., Coe, H., & Morawska, L. (2015). New directions:
Air pollution challenges for developing megacities like Delhi. Atmospheric Environment, 122, 657-661.

Lockwood, B. (2002). Distributive politics and the costs of centralization, Review of Economic Studies, 69(2),
313-337.

Lovo, S. (2018). Effect of environmental decentralization on polluting firms in India. Economic Development and
Cultural Change, 67(1), 55-94.

Millimet, D. L. (2003). Assessing the empirical impact of environmental federalism. Journal of Regional
Science, 43(4), 711-733.

Millimet, D. L. (2013). Environmental federalism: a survey of the empirical literature. Case Western Reserve Law
Review, 64(4), 1669-1757.

Nath, S. & Schroeder, L. D. (2007). A counterfactual analysis of fiscal decentralization in small countries: The
case of Mauritius, Public Finance and Management, 7(2), 116-148.

National Ambient Air Quality Standards, Central Pollution Control Board Notification in the Gazette of India,
Extraordinary, New Delhi, November 18, 2009.

National Research Council. (2010). Global Sources of Local Pollution: An Assessment of Long-range Transport
of Key Air Pollutants to and from the United States. National Academies Press.

NEERI (National Environmental Engineering Research Institute) (2010a). Air Quality Monitoring, Emission
Inventory & Source Apportionment Studies for Delhi. Internet: http://164.100.107.13/Delhi.pdf

NEERI (2010b). Air Quality Assessment, Emissions Inventory & Source Apportionment Studies: Mumbai.
Available at: http://www.mpcb.gov.in/sites/default/files/focus-area-reports-documents/Mumbai_report_cpcb.pdf

Oates, W. E. (1999). An essay on fiscal federalism. Journal of Economic Literature, 37(3), 1120-1149.

Oates, W. E. (2001). A reconsideration of environmental federalism. RFF Discussion Paper 01-54. Resources for
the Future, Washington, DC.

Oates, W. E. (2005). Toward a second-generation theory of fiscal federalism. International Tax and Public
Finance, 12(4), 349-373.

RBI (Reserve Bank of India) (2016). Handbook of Statistics on Indian States. Mumbai: Reserve Bank of India.

Rubinfeld, D. L. (1987). The economics of the local public sector. In Alan J. Auerbach and Martin Feldstein
(eds), Handbook of Public Economics (Vol. 2, pp. 571-645), Elsevier.

Ryan, E. (2015), Environmental federalism's tug of war within. In Kalyani Robbins (ed), The Law and Policy of
Environmental Federalism: A Comparative Analysis. Cheltenham, UK: Edward Elgar. Available at
SSRN: https://ssrn.com/abstract=2532687

Seabright, P. (1996). Accountability and decentralisation in government: An incomplete contracts
model. European Economic Review, 40(1), 61-89.

Sharma A.R., Kharol S.K., Badrinath K.V.S., & Singh D. (2010). Impact of agriculture crop residue burning on
atmospheric aerosol loading — A study over Punjab state, India, Annales Geophysicae, 28, 367-379.

Sigman, H. (2014). Decentralization and environmental quality: An international analysis of water pollution levels
and variation. Land Economics, 90(1), 114-130.

Sindhwani R., & Goyal P. (2014), Assessment of traffic-generated gaseous and particulate matter emissions and
trends over Delhi (2000 — 2010), Atmospheric Pollution Research, 5, 438-446.

Smith, V K, Kurt A. Schwabe and Mansfield, Carol (1997). Does nature limit environmental federalism?
Resources for the Future Discussion Paper 97-30, Washington, DC,

Steurer, R., & Clar, C. (2018). The ambiguity of federalism in climate policy-making: How the political system
in Austria hinders mitigation and facilitates adaptation. Journal of Environmental Policy & Planning, 20(2), 252-
265.

Tiebout, C. M. (1956). A pure theory of local expenditures. Journal of Political Economy, 64(5), 416-424.

27



ASARC Working Paper 2021-01

van't Veld, K., & Shogren, J. F. (2012). Environmental federalism and environmental liability. Journal of
Environmental Economics and Management, 63(1), 105-119.

World Health Organization. (2006). WHO Air quality guidelines for particulate matter, ozone, nitrogen dioxide
and sulfur dioxide: global update 2005: A summary of risk assessment (No. WHO/SDE/PHE/OEH/06.02).
Geneva: World Health Organization.

28



ASARC Working Paper 2021-01

Working Papers — Available from our web page http://crawford.anu.edu.au/acde/asarc/publications.php

2020/06 Nidhi Kaicker, Raghav Gaiha and Radhika Aggarwal Time Series Analysis of Food Commodity Prices in
Maharashtra (July 2019 to June 2020)

2020/05 Abhay Kumar Jha and Raghbendra Jha India’s response to COVID-19 Crisis (Published in INDIAN ECONOMIC
JOURNAL)

2020/04 Soumya Paul, Deepti Sharma, Drugit Kumar and Harika Sombhatla Challenges, Opportunities and Innovation in
Indian Rural Economy

2020/03 Ananya Talanki “Effect of urbanization in India on the urban poor, MSME sector, and environment”

2020/02 Anubhav Agarwal and Shubhangi Kumar “Interest rate subvention in Indian agriculture: A demand-side analysis
and proposed alternatives”

2020/01 Raghbendra Jha and Ashok Sharma, India’s Pharmaceutical Industry: Global Supply Chain and Governance in
the Post- COVID-19 World

2019/05 Amarendra Sharma, Indira Awas Yojana and Housing Adequacy: An Evaluation using Propensity Score Matching

2019/04 Raghbendra Jha, Hari K. Nagarajan, Anirudh Tagat, Jati, local public goods and village governance: private
actions and public outcomes (published in ECONOMIC AND POLITICAL WEEKLY, 2019)

2019/03 Prema-chandra Athukorala, Dayaratna Silva, The FTA debate in Sri Lanka: rhetoric and reality

2019/02 Raghbendra Jha, Hari K. Nagarajan and Anirudh Tagat, Restricted and unrestricted fiscal grants and tax effort of
Panchayats in India (published in ECONOMIC AND POLITICAL WEEKLY, 2019)

2019/01 Raghbendra Jha, Woojin Kang, Hari K. Nagarajan and Anirudh Tagat Workfare and Vulnerability in Rural India,
2018/03 Geetika Dang, Vani Kulkarni and Raghav Gaiha Why Dowry Deaths have Risen in India?

2018/02: Raghbendra Jha Modinomics: Design, Implementation, Outcomes and Prospects, [published in ASIAN ECONOMIC
POLICY REVIEW]

2018/01” Raghbendra Jha and Sadia Afrin: Structural Transformation in South Asia : (Published in SOUTH ASIA
ECONOMIC JOURNAL)

2017/03 Raghbendra Jha, Hari K. Nagarajan and Anirudh Tagat, Bribes, democracy and their impact on governance and

welfare: the case of rural India.
2017/02 Sher Singh Verick, The puzzles and contradictions of the Indian labour market: What will the future of work look like?

2017/01 Raghbendra Jha, Hari K. Nagarajan, and Anirudh Tagat: Jati, Local Public Goods an Village Governance: Private
Actions and Public Outcomes

2016/06 Anupama Sen, Rabindra Nepal, and Tooraj Jamasab: Rethinking Electricity Reforms in South Asia: Balancing
Economic and Environmental Objectives

2016/05 Kaliappa Kalirajan and Yichang Liu: Renewable Energy Trade within regional comprehensive economic partnership
(RCEP) Countries: an Exploratory Analysis

29



ASARC Working Paper 2021-01

2016/04 SNP Senanayake and SP Premaratane: An Analysis of the paddy/rice value chains in Sri Lanka

2016/03 Mohammad J. Alam and Raghbendra Jha: Asymmetrical Threshold Price Transmission in wheat and flour markets
in Dhaka (Bangladesh): seemingly unrelated regression analysis (published in JOURNAL OF THE ASIA PACIFIC
ECONOMY)

2016/02, Ashok Sharma, Australia-India Relations: Trends and Prospects for a Comprehensive Economic relationship

2016/01 Raghbendra Jha and Sadia Afrin, Structural Transformation in South Asia

2015/03 Raghbendra Jha, Food Security and Small Landholders in South Asia

2015/02 Gaminiratne Wijesekere, ‘Changing patterns of food consumption in Sri Lanka: 1985-2009’

2015/01 oo

2014/08 Raghbendra Jha, Hari K. Nagarajan, Woojin Kang & Kailash C. Pradhan, ‘Panchayats and Household Vulnerability in
Rural India

2014/07 Raghbendra Jha, Redesigning Fiscal Federalism after the Global Financial Crisis (published in R. Ecceleston and R.
Krever THE FUTURE OF FEDERALISM, Edward Elgar)

2014/06 Rabindra Nepal & Tooraj Jamasb. Caught Between Theory and Practice: government, market, and regulatory failure
in electricity sector reforms

2014/05 Md. Rajibul Ahsan & Son Ngoc Chu, The potential and the constraints of the export of environmental goods (EGs):
The Case of Bangladesh

2014/04 Garry Pursell, India’s Food grain Policy and the Public Distribution System: The Case of Rice. Who wins, who loses
and by how much?

2014/03 Ramesh C. Paudel, Liberalization Reform and Export Performance of India

2014/02 Raghbendra Jha & Duc Nguyen Truong, Trade Misinvoicing and Macroeconomic Outcomes in India. [published in
REVIEW OF ECONOMICS AND FINANCE]

2014/01 Raghbendra Jha, Productive Employment and Empowering Education: An Agenda for India’s Youth [published in
YOJANA ]

2013/15 Van Son Nguyen & Kaliappa Kalirajan, Exports of Environmental Goods: India’s Potential and Constraints

2013/14 Mohiburrahman, Igbal, Vulnerability to Expected Poverty in Afghanistan

2013/13 Raghbendra Jha, The Determinants of Household Level Fertility in India [published in PRAGATIi: JOURNAL OF
INDIAN ECONOMY]

2013/12 Raghbendra Jha. Woojin Kang, Hari K. Nagarajan & Kailash C. Pradhan. Vulnerability and Responses to Risk in

Rural India

2013/11 Syed Abdul Hasan. The Impact of a large rice price increase on welfare and poverty in Bangladesh

2013/10 Raghbendra Jha. Welfare Schemes and Social Protection in India [published in INTERNATIONAL JOURNAL OF
SOCIOLOGY AND SOCIAL POLICY]

2013/09 Raghbendra Jha. Indirect Tax Reform and Fiscal Federalism in India [published in S. De (ed.) INDIA’S FISCAL
POLICY, Cambridge University Press]

2013/08 Kanhaiya Singh. Budget Deficit and National Debt; Sharing India Experience

2013/07 Shahbaz Nasir & Kaliappa Kalirajan. Export Performance of South and East Asia in Modern Services

2013/06 Raghbendra Jha & Varsha S. Kulkarni. Inflation, its Volatility and the Inflation-Growth Tradeoff in India (published in
INTERNATIONAL JOURNAL OF EMERGING MARKETS)

2013/05 Truong Nguyen. Estimating India’s Fiscal Reaction Function

2013/04 Kaliappa Kalirajan & Kanhaiya Singh. Corporate Retail Outlets are Blessings in Disguise for Unorganized Retail
Outlets: An Empirical Analysis in the Indian Context

2013/03 Hari Nagarajan, Raghbendra Jha & Kailash C. Pradhan. The role of bribes in rural governance: The case of India

2013/02 Raghbendra Jha, Raghav Gaiha, Manoj K. Pandey and Shylashri Shankar. Determinants and Persistence of benefits
from the National Rural Employment Guarantee Scheme: Panel Data Analysis for Rajasthan, India [published in
EUROPEAN JOURNAL OF DEVELOPMENT RESEARCH)|

2013/01 Manoj K. Pandey. Elderly’s Health Shocks and Household’s Ex-ante Poverty in India

30



2012117

2012/16

2012/15

2012/14

2012/13

2012112

2012/11
2012/10

2012/09

2012/08

2012/07

2012/06
2012/05

ASARC Working Paper 2021-01

Raghav Gaiha, Nidhi Kaicker, Katsushi Imai, Vani S. Kulkarni & Ganesh Thapa. Dietary Shift and Diet Quality in
India: An Analysis Based on 50t, 61st and 66t Rounds of NSS

Kuntala Lahiri-Dutt & Gopa Samanta. How do the poor handle money? What do the financial diaries of char dwellers
tell us about financial inclusion?

Syed Abdul Hasan. Engel Curves and Equivalence Scales for Bangladesh

Hemantha K.J. Ekanayake. The Link Between Fiscal Deficit and Inflation: Do public sector wages matter?
Nitin Gupta. The Evolution of Manufacturing Efficiency: Evidence from Indian States

Raghbendra Jha & Raghav Gaiha. India’s National Rural Employment Guarantee Scheme as it is — Interpreting the
Official Report [published in ECONOMIC AND POLITICAL WEEKLY)

Raghbendra Jha & Varsha S. Kulkarni. Inflation Volatility and the Inflation-Growth Tradeoff in India

Nitin Gupta. Impact of Elasticities of Substitution, Technical Change, and Labour Regulations on Labour Welfare in
Indian Industries

Mottaleb Khondoker & Kaliappa Kalirajan. Determinants of Labor-Intensive Exports by the Developing Countries: A
Cross Country Analysis.

Raghav Gaiha, Nidhi Kaicker, Katsushi Imai & Ganesh Thapa. Demand for Nutrients in India: An analysis based on
the 50, 61st and 66t Rounds of the NSS.

Raghav Gaiha, Nidhi Kaicker, Katsushi Imai, Vani S. Kulkarni & Ganesh Thapa. Has Dietary Transition Slowed
Down in India: An analysis based on 50, 61t and 66t Rounds of NSS

Raghav Gaiha, Nidhi Kaicker, Katsushi Imai & Ganesh Thapa. Agriculture-Nutrition Pathway in India

Raghbendra Jha, Woojin Kang, Hari K. Nagarajan, & Kailash C. Pradhan. Vulnerability and Responses to Risk in
Rural India

2012/04 Raghbendra Jha, Woojin Kang, Hari K. Nagarajan, & Kailash C. Pradhan. Vulnerability as Expected Poverty in Rural

2012/03
2012/02

2012/01

201117

2011/16

2011/15

2011/14

India
Raghav Gaiha, Kenneth Hill and Ganesh Thapa. Have Natural Disasters Become Deadlier?

Kaliappa Kalirajan & Kanhaiya Singh. Self Help Group-Banking-Poverty Reduction Nexus: A Case Study of
Uttarakhand State, India

Raghbendra Jha, Simrit Kaur, Raghav Gaiha & Manoj K. Pandey. NREGS and TPDS in Rajasthan and Madhya
Pradesh: Complements or Substitutes? [published in JOURNAL OF ASIAN AND AFRICAN STUDIES]

D.P. Chaudhri & Raghbendra Jha. Child poverty, Demographic Transition and Gender Bias in Education in India:
Household Data Analysis (1993-94 and 2004-05) [published in INDIAN ECONOMIC JOURNAL]

Raghbendra Jha, Raghav Gaiha, Manoj K. Pandey & Nidhi Kaicker. Food Subsidy, Income Transfer and the Poor;
A Comparative Analysis of the Public Distribution System in India’s States [ published in JOURNAL OF POLICY
MODELING]

Raghgendra Jha, Sharmistha Nag & Hari K. Nagarajan. Political Reservations, Access to Water and Welfare
Outcomes: Evidence from Indian Villages

D.P. Chaudhri & Raghbendra Jha. India’s Gender Bias in Child Population, Female Education and Growing
Prosperity:

1951-2011 [published in INTERNATIONAL REVIEW OF APPLIED ECONOMICS)]

31



2011/13

2011112

2011/11

2011/10

2011/09

2011/08

2011/07
2011/06

2011/05
2011/04

2011/03
2011/02

2011/01

2010/22

2010/21

2010/20

2010119

2010/18

2010117

2010/16

2010/15

2010114

2010/13

ASARC Working Paper 2021-01

Raghbendra Jha, Hari K. Nagarajan & Kailash C. Pradhan. Bribing to Circumvent Capture and Facilitate Participation

in Social Programs: Evidence from Indian Villages
Nitin Gupta. The Differential Effects of Financial Development on India’s Industrial Performance
Nidhi Kaicker & Raghav Gaiha. Calorie Thresholds and Undernutrition in India, 19932004

Nidhi Kaicker, Vani S Kulkarni & Raghav Gaiha. Dietary Transition in India: An analysis based on NSS data for 1993
and 2004

Raghbendra Jha, Hari K. Nagarajan, & Kailash C. Pradhan. Aligning with one’s Own: Private Voting and Public
Outcomes in Elections in Rural India

Raghbendra Jha and Tu Dang. Inflation Variability and the Relationship between Inflation and Growth [published in
MACROECONOMICS AND FINANCE IN EMERGING MARKET ECONOMIES]

Imran Ullah Khan & Kaliappa Kalirajan. The Impact of Trade Costs on Exports: An Empirical Modelling

Raghbendra Jha, Raghav Gaiha & Manoj K. Pandey. Body Mass Index, Participation, Duration of Work and Earnings
under NREGS: Evidence from Rajasthan Growth [published in JOURNAL OF ASIAN ECONOMICS]

Shylashri Shankar & Raghav Gaiha. Networks and Anti-Poverty Programs: The NREG Experience

DP Chaudhri & Raghbendra Jha. Child Poverty and Compulsory Elementary Education in India: Policy insights from
household data analysis [published in INDIAN JOURNAL OF HUMAN DEVELOPMENT)]

Garry Pursell & F.M. Ziaul Ahsan Sri Lanka’s Trade Policies: Back to Protectionism

Raghbendra Jha, Raghav Gaiha, Manoj K. Pandey & Shylashri Shankar. Switches into and out of NREGS — A Panel

Data Analysis for Rajasthan

Raghbendra Jha Woojin Kang and Hari K. Nagarajan. Fiscal Decentralization and Local Tax Effort

Raghbendra Jha. Inflation, Macroeconomic Policy and Hunger: A Variation on a Theme by C. Rangarajan
[published 2011 in Growth and Finance; Essays in Honour of C. Rangarajan ]

Raghbendra Jha. Food Security and Small Landholders in South Asia
Raghav Gaiha, Raghbendra Jha, and Vani S. Kulkarni. Diets, Nutrition and Poverty: The Indian Experience

Raghbendra Jha, Raghav Gaiha, Shylashri Shankar & Manoj K. Pandey. Targeting Accuracy of the NREG:
Evidence from Madhya Pradesh and Tamil Nadu [published in EUROPEAN JOURNAL OF DEVELOPMENT
RESEARCH]

Puja Dutta, Stephen Howes & Rinku Murgai. Small But Effective: India’s Targeted Unconditional Cash Transfers
[published 2010 in Economic and Political Weekly, 45(52)]

Raghbendra Jha, Raghav Gaiha & Manoj K. Pandey. Determinants of Employment in India’s National Rural
Employment Guarantee Scheme

Raghav Gaiha, Raghbendra Jha, & Vani S. Kulkarni. Demand for Nutrients in India, 1993-2004 [published in
APPLIED ECONOMICS]

Raghav Gaiha, Raghbendra Jha, & Vani S. Kulkarni. Prices, Expenditure and Nutrition in India
Kaliappa Kalirajan and Keijiro Otsuka. Decentralization in India: Outcomes and Opportunities

Khondoker Abdul Mottaleb and Kaliappa Kalirajan. Determinants of Foreign Direct Investment in Developing
Countries: A comparative analysis

32



ASARC Working Paper 2021-01

2010/12 Raghbendra Jha, Raghav Gaiha & Manoj K. Pandey. Net Transfer Benefit under National Rural Employment
Guarantee Scheme (published in JOURNAL OF POLICY MODELING]

2010/11 Raghav Gaiha, Raghbendra Jha, & Vani S. Kulkarni. Child Undernutrition in India

2010/10 Raghav Gaiha, Raghbendra Jha, & Vani S. Kulkarni. Obesity, Affluence and Urbanisation in India

2010/09 Shylashri Shankar. Can Social Audits Count?

2010/08 Raghav Gaiha, Raghbendra Jha & Vani S. Kulkarni. Affluence, Obesity and Non-Communicable Diseases in India

2010/07 Raghbendra Jha, Raghav Gaiha, Manoj K. Pandey. Food Price Subsidy under Public Distribution System in Andhra
Pradesh, Maharashtra and Rajasthan

2010/06 Raghav Gaiha, Kenneth Hill, & Ganesh Thapa. Natural Disasters in South Aisa

2010/05 Simrit Kaur, Vani S. Kulkarni, Raghav Gaiha & Manoj K. Pandey. Prospects of Non-Farm Employment & Welfare
in Rural Areas

2010/04 Raghbendra Jha, Sambit Bhattacharyya, Raghav Gaiha. Social Safety Nets and Nutrient Deprivation: An Analysis
of the National Rural Employment Guarantee Program and the Public Distribution System in India [in Journal of
Asian Economics 22(2), 2011]

2010/03 Raghav Gaiha, Shylashri Shankar & Raghbendra Jha. Targeting Accuracy of the NREG: Evidence from Rajasthan,
Andhra Pradesh and Maharashtra

2010/02 Shylashri Shankar, Raghav Gaiha and Raghbendra Jha. Information and Corruption: The National Rural
Employment Guarantee Scheme in India [published in OXFORD DEVELOPMENT STUDIES].

2010/01 Raghbendra Jha, Fiscal Policies and Challenges in South Asia [published in ROUTLEDGE HANDBOOK OF
SOUTH ASIAN ECONOMICS]

2009/19 Raghav Gaiha, Raghbendra Jha & Cani S. Kulkarni. Who has most say in Cooking?

2009/18 Kaliappa Kalirajan & Kanhaiya Singh,The Impact of Globalization on Employment Generation in India: The case of
emerging ‘Big Shopping Malls and Retailers’

2009/17 Raghav Gaiha, Raghbendra Jha & Vani S. Kulkarni. How Pervasive is Eating Out in India? [published in JOURNAL
OF ASIAN AND AFRICAN STUDIES]

2009/16 Raghbendra Jha, Sambit Bhattacharyya, Raghav Gaiha. Timing of Capture of Anti-poverty Programs: Rural Public
Works and Food for Work Programs in Rural India [published in INTERNATIONAL REVIEW OF APPLIED
ECONOMICS]

2009/15 Sambit Bhattacharyya & Raghbendra Jha. Economic Growth, Law and Corruption: Evidence from India [UPDATED
01/11] [published in COMPARATIVE ECONOMIC STUDIES]

2009/14 Manoj K. Pandey. On Ageing, Health and Poverty in Rural India

2009/13 Manoj K. Pandey, Prakash Singh, & Ram Ashish Yadav. Domestic Violence and Women'’s Health in India:
Evidence from Health Survey

2009/12 Manoj K. Pandey. Maternal Health and Child Mortality in Rural India

2009/11 Manoj K. Pandey. Labor Force Participation among Indian Elderly: Does Health Matter?

2009/10 Manoj K. Pandey. Association between Marital Status and Health: Examining the Role of Age and Gender

2009/09 Manoj K. Pandey. Poverty and Disability among Indian Elderly: Evidence from Household Survey

2009/08 Manoj K. Pandey & Charanjit Kaur. Investigating Suicidal Trend and its Economic Determinants: Evidence from
India

2009/07 Prakash Singh & Manoj K. Pandey. Structural Break, Stability and Demand for Money in India
2009/06 Desh Gupta. India: The Weakening of the Congress Stranglehold and the Productivity Shift in India

2009/05 Kaliappa Kalirajan, Shashanka Bhide & Kanhaiya Singh. Development Performance Across Indian States and the
Role of the Governments

2009/04 Raghav Gaiha, Vani S. Kulkarni, Manoj K. Pandey & Katsushi S. Imai. On Hunger and Child Mortality in India
2009/03 Raghav Gaiha, Vani S. Kulkarni, Manoj K. Pandey & Katsushi S. Imai. National Rural Employment Guarantee
Scheme, Poverty and Prices in Rural India

2009/02 Md. Shafiul Azam & Katsushi S. Imai Vulnerability and Poverty in Bangladesh

33



ASARC Working Paper 2021-01

2009/01 Raghbendra Jha, The Global Financial Crisis and Short-run Prospects for India

2008/08 Raghbendra Jha, Katsushi S. Imai, & Raghav Gaiha, Poverty, Undernutrition and Vulnerability in Rural India:
Public works versus food subsidy

2008/07 Raghbendra Jha, Sambit Bhattacharyya, Raghav Gaiha, & Shylashri Shankar, Capture of Anti-Poverty Programs;
An Analysis of the National Rural Employment Guarantee Program in India [published in JOURNAL OF ASIAN
ECONOMICS]

2008/06 Desh Gupta & Milind Sathye, Financial Turnaround of the Indian Railways: A Case Study [published 2010 in
International Journal of Public Policy 5(1)]

2008/05 Desh Gupta, India’s Lagging Sector: Indian agriculture in a globalising economy

2008/04 Raghbendra Jha, Raghav Gaiha & Shylashri Shankar, National rural employment guarantee programme in Andhra
Pradesh: some recent evidence [published in CONTEMPORARY SOUTH ASIA]

2008/03 Prema-Chandra Athukorala, Export performance in the reform era: has India regained the lost ground?
2008/02 Robin Jeffrey: Coalitions and consequences, learnership and leadership in India, 1948-2008

2008/01 Raghbendra Jha, Raghav Gaiha & Shylashri Shankar, National rural employment guarantee programme in India —
a review [published in ECONOMIC AND POLITICAL WEEKLY)

2007/20 TT Ram Mohan, Privatization and FDI: the Indian experience
2007/19 Mukul G. Asher, Pension reform in India

2007/18 Stephen Howes, Deepak Mishra & VVJ Ravishankar, Ten years of World Bank sub-national policy-based lending to
India: a retrospective

2007/17 Anil B. Deolalikar, Human development in India: past trends and future challenges

2007/16 Kuntala Lahiri-Dutt, Coal mining industry at the crossroads: towards a coal policy for liberalising India

2007/15 Raghav Gaiha & Mani Arul Nandhi, Microfinance, self-help groups and empowerment in Maharashtra

2007/14 Garry Pursell, Hazards of Policy Modelling: India and the world markets for groundnuts and groundnut products
2007/13 Desh Gupta & Milind Sathye, Financial turnaround of the Indian railways: good luck or good management?
2007/12 Raghav Gaiha & Ganesh Thapa, Supermarkets, smallholders and livelihoods prospects in selected Asian countries
2007/11 Rakesh Ahuija, India’s great vulnerability: energy insecurity

2007/10 Raghbendra Jha & U.N. Bhati, Economic dominants of newsprint consumption in India: a time series analysis
[revised version published 2008 in The Indian Economy Sixty Years After Independence, Palgrave-Macmillan, UK]

2007/09 Kaliappa Kalirajan & Swapan Bhattacharya, Free frade arrangement between India and Japan: an exploratory
analysis

2007/08 V. Thiruppugazh, Urban vulnerability reduction: regulations and beyond
2007/07 Garry Pursell, Nalin Kishor, and Kanupriya Gupta, Manufacturing protection in India since independence

2007/06 Ragbendra Jha, The Indian view of economic development: resilience and the quest for growth [revised version
published 2007 in German- Visions of Growth, Initiatives New Social Market Economy, Berlin]

34



ASARC Working Paper 2021-01

2007/05 Garry Pursell, Smuggling and the economic welfare consequences of an FTA: A case study of India-Bangladesh
trade in sugar

2007/04 Raghbendra Jha, The Indian economy: current performance and short-term prospects

2007/03 Raghbendra Jha, Investment and subsidies in Indian agriculture

2007/02 Raghbendra Jha & T. Palanivel, Resource augmentation for meeting the millennium development goals in the Asia
Pacific region

2007/01 Raghbendra Jha, Fiscal policy in developing countries: a synoptic view [published in INTERNATIONAL
HANDBOOK OF DEVELOPMENT ECONOMICS, Edward Elgar Publishers, London]

2006/11 Raghbendra Jha, Raghav Gaiha, Anurag Sharma: Mean consumption, poverty and inequality in rural India in the
60t round of NSS [published in JOURNAL OF ASIAN AND AFRICAN STUDIES]

2006/10 Kuntala Lahiri-Dutt: Energy resources in south Asia: the last frontier?

2006/09 Raghbendra Jha, Raghav Gaiha, Anurag Sharma: On modelling variety in consumption expenditure on food
[published in INTERNATIONAL REVIEW OF APPLIED ECONOMICS]

2006/08 Kuntala Lahiri-Dutt; Gendered livelihoods in small mines and quarries in India: living on the edge [published in
SOUTH ASIAN SURVEY)|

2006/07 Melanie Morten: Indian poverty during the 1990s: resolving methodological issues from the 55t NSS round

2006/06 Santanu Gupta, Raghbendra Jha: Local Public Goods in a Democracy: Theory and Evidence from Rural India

2006/05 U.N. Bhati, Raghbendra Jha: Emerging opportunities for Australia in India’s paper and paperboard market
(updated Nov 06) [ published in PROCEEDINGS OF THE INTERNATIONAL Bi-ANNUAL CONFERENCE OF
AUSTRALIAN FOREST GROWERS’ ASSOCIATION|

2006/04 Raghbendra Jha: Vulnerability of consumption growth in rural India [published in ECONOMIC AND POLITICAL

WEEKLY))
2006/03 Raghbendra Jha, Raghav Gaiha, Anurag Sharma: Micronutrient deprivation and poverty nutrition trap in rural India

006/02 Raghbendra Jha, Raghav Gaiha, Anurag Sharma: Calorie deprivation and poverty nutrition trap in rural India
[published in WORLD DEVELOPMENT]
2006/01 Laksiri Jayasuriya, The Australian-Asian connection: from Alfred Deakin to John Howard

2005/04: Raghbendra Jha: Inflation targeting in India: issues and prospects [revised version [published in
INTERNATIONAL REVIEW OF APPLIED ECONOMICS)]

2005/03: Raghbendra Jha, K.V. Bhanu Murthy, Anurag Sharma: Market integration in wholesale rice markets in India
[revised version published in ECONOMIC AND POLITICAL WEEKLY)

2005/02; Kompal Sinha: Household characteristics and calorie intake in rural India; a quantile regression approach

2005/01: Raghbendra Jha, Hari K. Nagarajan, Subbarayan Prasanna: Land fragmentation and its implications for
productivity: evidence from southern India

2004/17: Mukesh Anand, Raghbendra Jha: Budgetary subsidies and the fiscal deficit case of Maharashtra [published in

ECONOMIC AND POLITICAL WEEKLY)]

2004/16: Narain Sinha: Growth, inequality and structural adjustment: an empirical interpretation of the s-curve for Indian
economy

2004/15: Stephen Howes, Rinku Murgai, Marina Wes: Expenditure implications of India’s state-level fiscal crisis

2004/14: Talat Anwar: Recent macroeconomic developments and implications for poverty and employment in Pakistan:

2004/13: Mohammad Alauddin: Recent developments in the Bangladesh economy

2004/12: Raghbendra Jha: The political economy of recent economic growth in India [published in ECONOMIC
GROWTH, ECONOMIC PERFORMANCE AND WELFARE IN SOUTH ASIA]

2004/11: Pradeep S. Mehta & Pranav Kumar: RTAs and south Asia: options in the wake of Cancun fiasco

2004/10: Prema-chandra Athukorala, Sisira Jayasuriya: Complementarity of trade & FDI liberalization in industrial growth:
lessons from Sri Lanka

2004/09: Raghav Gaiha: Is there a case for the unemployment guarantee scheme in India: some recent evidence

2004/08: Simrit Kaur: Privatization ad public enterprise reform: a suggestive action plan

2004/07: Desh Gupta & Milind Sathye: Financial developments in India: should India introduce capital account
convertibility? [published 2005 in Indian Journal of Economics and Business 4(1))]

2004/06; Ganesh Thapa: Rural poverty reduction strategy for south Asia

2004/05; Prema-chandra Athukorala & Kishor Sharma: Foreign investment in a least developed country: the Nepalese
experience

2004/04: Dilup Dutta & Anna Sekhar: Major Indian ICT firms and their approaches towards achieving quality

2004/03: Warwick Mckibbin: Climate change policy for India

35



2004/02:
2004/01:

2003/07:
2003/06:

2003/05:

2003/04:

2003/03:

2003/02:

2003/01:

2002/08:
2002/07:

2002/06:

2002/05:
2002/04:

2002/03:
2002/02:

2002/01:

2001/13:
2001/12:

2001/11:

2001/10:

2001/09:
2001/08:

2001/07:
2001/06:

2001/05:

2001/04:
2001/02:
2001/01:

2000/04:

2000/03:
2000/02:
2000/01:

ASARC Working Paper 2021-01

Raghbendra Jha & Raghav Gaiha: Undernutrition and growth in rural India — a regional analysis

Raghbendra Jha & K.V. Bhanu Murthy: A Consumption Based Human Development Index and the Global
Environmental Kuznets Curve [published in JOURNAL OF COMPARATIVE ECONOMICS and reprinted in 2006
in Environmental Sustainability: A consumption approach, Routledge]

Xin Meng & Jim Ryan: Evaluating the food for education program in Bangladesh

Raghbendra Jha & Ibotombi Longjam: A divisia type saving aggregate for India [published in
MACROECONOMICS AND FINANCE IN EMERGING MARKET ECONOMIES]

Raghbendra Jha: The spatial distribution of calorie deficiency in rural India in the last three quinquennial rounds of
NSS

Raghbendra Jha: The spatial distribution of protein deficiency in rural India in the last three quinquennial rounds
of NSS

Raghbendra Jha & Ibotombi S. Longjam: Structure of financial savings during Indian economic reforms
[published in EMPIRICAL ECONOMICS]

Raghbendra Jha & Anurag Sharma: The spatial distribution of rural poverty in the last three quinquennial rounds
of NSS [revised version (published in ECONOMIC AND POLITICAL WEEKLY)

Raghbendra Jha & Raghav Gaiha: Determinants of undernutrition in rural India

Dilip Dutta: Effects of globalisation on employment and poverty in dualistic economies: the case of India

Raghbendra Jha: Rural poverty in India: structure, determinants and suggestions for policy reform [published in
IINDIAN ECONOMIC REFORMS, Ed. R. Jha, Palgrave Macmillan

Chandana Chakraborty & Dilip Dutta: Indian software industry: growth patterns, constraints and government
initiatives

Rahul Mukherji: Governing the taxation of digitized trade

Raghbendra Jha & Hari K. Nagarajan: Noisy vertical markets [published in ECONOMIC AND POLITICAL
WEEKLY)]]

Sirmal Abeyratne: Economic roots of political conflict: the case of Sri Lanka

S. George, R. Jha & H.K. Nagarajan: The evolution and structure of the two-wheeler industry in India [published
in INTERNATIONAL JOURNAL OF TRANSPORT ECONOMICS]

Raghbendra Jha: The downward rigidity of Indian interest rates [published in ECONOMIC AND POLITICAL
WEEKLY))))]

Prema-Chandra Athukorala & Kunal Sen: The determinants of private saving in India

Raghbendra Jha & Deba Prasad Rath: On the endogeneity of the money multiplier in India [published in
ECONOMIC INSTITUTIONS IN INDIA, Palgrave-Macmillan]

Raghbendra Jha: The challenge of fiscal reform in India [published inin ECONOMIC INSTITUTIONS IN INDIA,
Palgrave-Macmillan]

Ranjan Ray: Simultaneous analysis of child labour and child schooling: comparative evidence from Nepal and
Pakistan

Ranjan Ray: Child labour and child schooling in south Asia: a cross country study of their determinants

Raghbendra Jha & Anurag Sharma: Structural breaks and unit roots: a further test of the sustainability of the
Indian fiscal deficit [published in PUBLIC FINANCE REVIEW)

Pushkar Maitra; Schooling and educational attainment; evidence from Bangladesh

D. Coondoo, A. Majumder & R. Ray: On a method of calculating regional price differentials with illustrative
evidence from India

Raghbendra Jha, Bagala Biswal & Urvashi D. Biswal: An empirical analysis of the impact of public expenditures
on education and health on poverty in Indian states [published in GLOBAL ECONOMICS: NEW RESEARCH,
Nova Science NY]

Lata Gangadharan & Pushkar Maitra: The effect of education on the timing of marriage and first birth in Pakistan
Dilip Dutta & Nasiruddin Ahmed: An aggregate import demand function for India: a cointegration analysis
Dilip Dutta & Nasiruddin Ahmed: Trade liberalisation and industrial growth in Pakistan: a cointegration analysis

Pushkar Maitra & Ranjan Ray: The joint estimation of child participation in schooling and employment:
comparative evidence from three continents

Lawrence R. Klein & T. Palanivel: Economic reforms and growth prospects in India

J.V. Meenakshi & R. Ray: Impact of household size and family composition on poverty in rural India

Warwick Mckibbin & Kanhaiya Singh: Issues in the choice of a monetary regime for India

36



37

ASARC Working Paper 2021-01



Appendix Tables

ASARC Working Paper 2021-01

Appendix Table A.1: Pooled OLS results: Local vs. state expenditure — SO2, NO2 and SPM

emissions control

Dependent variable: Pollution emissions (In)

In(SO2) In(NO2) In(SPM)
@ 2 (€)] “ &) Q] ) ® (€]
Panel A: Without Delhi Dummy
In(NSDP)  0.306 0.170 1.916** 1.372%* 1.373%* 1.302* -0.047 0.082 -1.030**
(0.555) (0.378) (2.347) (2.404) (2.644) (2.033)  (-0.162)  (0.400) (-2.295)
In(LEfctual)  -1.315%%%* 0.506 0.487%**
(-4.596) (1.460) (4.236)
In(LEAva) -0.819%*** 0.404* 0.345%**
(-7.012) (1.873) (5.555)
In(LEq) 0.183* 0.077 -0.121*
(2.033) (0.974) (-1.730)
In(SE) 0.281 -0.139 -1.420%** -1.305%**  -1.081*** -0.941** -0.401*  -0.277** 0.459*
(0.627) (-0.451) (-2.750) (-2.817) (-3.052) (-2.339)  (-1.915)  (-2.095) (1.734)
Const 7.617%%*  BRTEFEX  (.882 1.738 0.357 2.364* 6.076%**  5.026%** 9.465%**
(5.283) (7.978) (0.578) (1.265) (0.216) (1.976)  (8.345) (8.680) (8.733)
N 32 28 27 32 28 27 28 28 24
adj. R? 0.739 0.801 0.597 0.361 0.360 0.363 0.787 0.839 0.748
Panel B: Without Delhi Dummy
In(NSDP)  0.0758 0.153 0.613 1.477%* 1.610***  1.857**  0.117 0.128 -0.223
(0.133) (0.331) (1.054) (2.717) (3.683) (2.803)  (0.808) (0.955) (-0.711)
In(LEfacwal)  -0.244 0.0136 -0.164
(-0.637) (0.0305) (-1.115)
In(LEAva) -0.754** -0.540 -0.169
(-2.119) (-1.289) (-1.277)
In(LEG) 0.123%** 0.103 -0.074
(4.097) (1.109) (-1.168)
In(SE) -0.556 -0.184 -1.041***  -0.920%* -0.434 -1.102**  0.154 0.138 0.179
(-1.017) (-0.454) (-3.012) (-1.750) (-1.017) (-2.748)  (0.799) (1.104) (0.872)
DL -1.237**%  -0.121 -1.388***  (0.569 1.736%* 0.591%*  0.839*** (.978%**  (.605%**
(-3.611) (-0.221) (-5.742) (1.384) (2.142) (2.158)  (4.607) (5.134) (5.700)
Cons 9.576%**  B.970***  7.859***  (.837 -0.958 -0.607 4.253%*% 4 3Q7***F  5.685%**
(7.394) (8.124) (6.061) (0.527) (-0.477) (-0.341)  (10.84) (11.36) (7.934)
N 32 28 27 32 28 27 28 28 24
adj. R? 0.835 0.793 0.851 0.373 0.431 0.448 0.882 0.883 0.858
Source: Estimated. t-statistics in parentheses ~ * p<(0.10, ** p<0.05, *** p<0.01

Linear interpolation has been used to address missing observations; N: no. of obs.; NSDP: Net state domestic
product; LEavg: Average of local (municipal) revenue expenditure of Municipal Corporation of Delhi (MCD)
and Municipal Corporation of Greater Mumbai (MCGM); LEg: Grants to municipal corporations; LE a1, SE:
Local and state revenue expenditure, respectively.

38



ASARC Working Paper 2021-01

Appendix Table A.2: SURE results on pollution control:
(Dependent variables: SO2, NO2, and SPM emissions)

Local vs. state expenditure

In(S02) In(NO2) In(SPM)
(1a) (1b) (I¢) (2a) (2b) 0) (3a) (3b) ()
Panel A: Without Delhi Dummy
In(NSDP)  0.804 0.654 1.524%%  0.943* 1.008**  0.851 0451+ -0.362 -0.647%*
(1.449) (1488)  (2.039)  (1.806)  (2.145)  (1.434)  (-1.623) (-1.489)  (-2.071)
IN(LEfetar)  -0.426% 0.090 0.078
(-2.095) (0.836) (1.018)
In(LEAvG) 0.376%+* 0.107 0.090%*
(-3.936) (1.612) (2.115)
In(LEc) 0.098 -0.006 -0.026
(0.967) (-0.120) (-0.665)
In(SE) -0.461 20.529%  SLI21%F  0.769%%  -0.781%*%  -0.664*  0.078 0.048 0.238
(-1.149) (-1.832)  (2410)  (-2.192)  (2552)  (-1.755)  (0.402)  (0.307)  (1.226)
Cons 4.152%%% 5.546%%% 1361 3.031%%F  2510%FE  3434%FK  7660%kF 7 [Q0REE 83| 5HEE
(3.793) (5.632)  (0.856)  (3.473)  (2.887)  (3.243)  (1432)  (13.55)  (12.90)
N 23 23 23 23 23 23 24 24 24
R 0.577 0.697 0.497 0.382 0.440 0352 0.759 0.794 0.754
B-P test:
chi2(3) 30.528 54.728 46.286
p-val [0.00] [0.00] [0.00]
PANEL B: DELHI Dummy included
In(NSDP) 0082 0.153 0.192 1.662%%%  1.678%%%  1.659%**  (.132 0.133 0.095
(0.152) 0325)  (0339)  (3.594)  (3.782)  (3.416)  (0.507)  (0.511)  (0.365)
In(LEfuwal)  -0.048 -0.014 -0.003
(-0.325) (-0.194) (-0.108)
In(LEAvG) -0.321 -0.068 -0.008
(-1.394) (-0.505) (-0.166)
In(LEc) 0.021 -0.001 -0.007
(0.463) (-0.043) (-0.513)
In(SE) L0.701%% -0.502 0797 L0.776%FF  0.738%F  0J87F% 0006  -0.002 0.011
(-2.037) ((1543)  (-2452)  (2772)  (2.639)  (2777)  (-0.039) (-0.017)  (0.079)
DL 1376%%%  0.784 JL395%RE 1 005%RE [ D17HRF 1 0S2FFE  (.665FFF  0.677FFF  0.656%**
(-4.030) (-1476)  (-4.531)  (3.929)  (3271)  (3.889)  (4350)  (3.849)  (4.544)
Cons 9.459%#* 8.920%%*  9.107***  _1.909 2.020 -1.882 4486%*%  4.476%FF  4.616%F*
(5.571) (5.829)  (4.961)  (-1306)  (-1.425)  (-1217) (5.174) (5.141)  (5327)
N 23 23 23 23 23 23 24 24 24
R2 0.727 0.759 0.733 0.649 0.656 0.647 0.868 0.868 0.871
B-P test:
chi2(3) 51.420 63.187 65.340
p-val [0.00] [0.00] [0.00]

Source: Estimated.

* p<0.10, ** p<0.05, *** p<0.01.

t-statistics in parentheses adjusted for small sample size and low degrees of freedom.

Notes: As for Table A.1. BP test: Breusch-Pagan test of independence of equations in systems 1, 2, 3.
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Appendix Table A.3: Robustness test: IV results — SO2, NO2, and SPM emissions control

In(SO)2 In(NO») In(SPM)
@ 2 (€) “4) (6] () ) ® ®
Panel A: Without Delhi Dummy
In(NSDP) 1.039** 0.813* 2.832%** 1.456* 1.781%%* 1.312+  -0.282 -0.0335 -1.394%*
(2.541) (1.846) (3.492) (2.006) (3.023) (1.648)  (-0.790) (-0.132)  (-2.635)
In(LEfactuat) -1.194 %% 0.520 0.432%**
(-2.802) (1.500) (3.664)
In(LEava) -0.757%** 0.444** 0.328***
(-6.820) (2.163) (5.110)
In(LEc) 0.223** 0.077 -0.162*
(2.336) (1.014) (-1.891)
In(SE) -0.254 -0.562* -1.994%** 1 367**  -1.349%*%*  _0.947* -0.222 -0.201 0.680**
(-0.611) (-1.880) (-3.963) (-2.496)  (-3.472) (-1.912) (-0.862) (-1.243)  (2.170)
Cons 6.316*** 7.627**%  -0.650 1.588 -0.437 2348+  6.562%*%*  5205%kx 10 25%%*
(3.367) (8.223) (-0.386) (0.997) (-0.277) (1.651)  (7.895) (7.750) (7.895)
N 32 28 27 32 28 27 28 28 24
R? 0.751 0.806 0.621 0.422 0.422 0.437 0.806 0.856 0.770

Panel B: With Delhi Dummy

In(NSDP) 0.604* 0.816* 1.262%%  1.648%%  2215%%%  2098%* (.033 0.023 -0.325
(1.710) (1.885) (2.097) (2.290)  (3.864) (2.465)  (0.160)  (0.132)  (-1.030)
In(LE factual) -0.194 0.030 0.175
(-0.366) (0.066) (-1.120)
In(LEavc) -0.786* -0.568 -0.179
(-1.951) (-1.427) (-1.402)
In(LEG) 0.151%+x 0.113 -0.084
(3.389) (1.283) (-1.354)
In(SE) 20.908%*  -0.540 SLALDRRE 1034+ -0.760 1.240%*  0.209 0.203 0.231
(-2.100) (-1312)  (:3.768)  (-1.669)  (-1.422)  (-2.556) (0.869)  (1.572)  (1.158)
Delhi -1.196%%%  0.052 -1.274%%%  0.582 1.893%%  0.634*  0.828%**%  (.970%** (.579%**
(-2.994) (0.083) (-5.835)  (1.438)  (2.476) (2.060) (4.745)  (5.103)  (4.720)
Cons 8.587%%%  7506%kE  6378%%% (517 2211 S1157  4.445%%%  4.555%%% 500Kk
(8.912) (9.192) (5.184) (0274)  (-1.062)  (-0.502) (11.24)  (10.29)  (7.519)
N 32 28 27 32 28 27 28 28 24
R? 0.850 0.806 0.864 0.453 0.496 0.530  0.899 0.899 0.882

Source: Estimated.  + p<0.12, * p<0.10, ** p<0.05, *** p<0.01

t-stats in parentheses are heteroscedasticity robust and corrected for first-order autocorrelation. Stats adjusted for
small sample size. Notes: As for Appendix Table A.1. Instruments for In(NSDP) include lagged values of In
NSDP by one year and two years.
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