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Abstract
The empirical evidence on the EKChypothesis has been rathermixed, and thewidely-usedGDPper
capita is deemed an inadequate indicator ofwell-being. Invoking the capital theory approach to
sustainable development, namely of non-declining capital stock orwealth, we test the EKC
hypothesis for carbon emissions in India for the period 1972 to 2013 through the change in
comprehensivewealth (i.e. comprehensive investment) and its components of anthropogenic capital
and natural capital. Employing theARDL cointegration technique, we findN-shaped EKCswith
comprehensive investment, and produced capital investment, indicating rising carbon emissions in
India’s current growth path.Only the increase in renewable energy resources has helped reduce
carbon emissions, while the changing economic structure and foreign direct investment have had
adverse environmental impact. The systematic disinvestment in natural capital through the decades
reflects declining carbon sequestration capacity, and points to the need for concerted efforts to
preserve natural capital like forests for essential sequestration services.

1. Introduction

The environment functions both as a source of resources and a sink of wastes, and itmaintains the critical
ecosystem resources during the process of economic growthwhich is vital to ensure sustainability.When
market prices fail to reflect the true social cost of environmental resources, it leads to severe over-exploitation
of resources, as often observed in the developing countries. In this context, the Environmental Kuznets Curve
(EKC) hypothesis provided an optimistic long-run solution, suggesting that environmental degradation is not
permanent since pollutionwould eventually taper off. The EKChypothesis postulated that, along the growth
path, the environmental quality would initially deteriorate, but after reaching a peak level of deterioration, it
would improvewith further growth in economicwell-being. In the initial phase of growth, as industrial output
increases sowould pollution since the scale and structural effects would dominate; while in the later phase, with
a shift from industry towards services (driven by knowledge and human capital) pollutionwould plateau, and
increased incomewould lead to greater demand for better environmental quality. Consequently, beyond a
threshold level ofwell-being the technique effect (adoption of cleaner technologies due to higher demand for
environmental quality)would dominate, and pollutionwould decline as the economy progresses.
Conventionally, per capita incomeor gross domestic product (GDP)was taken to representwell-being in EKC,
butGDPper capita is recognized to be a poor indicator of development. A true indicator of economic
development should reflect the growth inwealth or stock of productive capital assets of an economy, not just
growth inGDPper capita or increase in other ad hoc indicators of humandevelopment (Dasgupta 2007). The
focus on the trade-off between pollution and economicwell-being in the EKC tends to ignore the system-wide
consequences of that pollution (Arrow et al 1995). After the initial phase of growth that results in environmental
degradation, the economy can improve environmental quality as per the EKConly if its ecological system
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remains resilient. Such resilience requiresmaintaining threshold level of the critical capacity of the ecosystem in
the formof various natural assets like forests, soil, watersheds, wetlands, etc, for their interlinked ecological
services. In this regard, comprehensive wealth of a country provides amore holistic and consistentmeasure of
well-being, as it reflects the aggregate value of anthropogenic andnatural assets available for economic activity
(Hamilton 1994,Hamilton andClemens 1999), and provides a bettermeasure of sustainable development.
Comprehensive investment or genuine savings capture the change in the comprehensivewealth,3 that is
adjusted for resource depletion and environmental degradation during economic growth.

In a cross-country EKC analysis, (Neve andHamaide 2017) compared the growth-environment relation-
ship using per capita genuine savings or comprehensive investment, and observed an invertedU-shaped EKC
withGDPper capita but aN-shaped EKCwhen genuine savings per capita is used as indicator of development.
They also showed that the results are sensitive to the countries included in the sample, in particular, inclusion of
wealthy countries like Singapore andHongKong that significantly alter results towards an invertedU-shaped
relationship as these countries have succeeded in cutting back carbon emissions at higher income levels. This
implies that the growth-environment relationship could be very different for individual countries, andwould
also depend on the indicator of development taken in the analysis. Our study adds to the literature thatGDP is
not an appropriate indicator of development, and shows that highGDPgrowth in the case of India camou-
flaged the decline in critical natural capital that is revealed using the sustainability indictor of comprehensive
investment.Our study intends to nudge policy focus away from ‘GDP growth’ to ‘sustainable development’,
encouraging the use ofmore indicators of well-being like comprehensive investment.Ours is the first study in
the Indian context which relates the EKChypothesis to the capital approach for sustainability.We first estimate
the comprehensivewealth of India, and then use comprehensive investment and its components (produced
capital, human capital and natural capital), as indicator of sustainable development vis a vis the carbon dioxide
(CO2) emission. By taking natural capital investment, the direct linkage to carbon emissions is highlightedwith
forests serving as carbon sink and subsoil resources being the source of carbon-based fuels. The analysis covers
four decades (1972–2013), including the periodwhen Indiawitnessed high growth following a series ofmarket
reformpolicies and liberalization initiated in 1991. The period alsowitnessed the establishment of domestic
environmental legislation and regulatory institutions,4 and India’s ratification of themultilateral agreements of
UnitedNations FrameworkConvention onClimate Change in 1993. To the best of our knowledge, no study for
India has analysed the dynamics of growth and environment based on a holisticmeasure of well-being like
comprehensive investment or genuine savings. In particular, we incorporate remote sensing data on forest
cover from (Reddy et al 2016)within themeasure of natural capital (apart fromagricultural land, fuels, and
minerals) that better captures ecosystem services capacity like carbon sequestration.

Moreover, given themajor regime changes through the nineties, we also check for the presence of endogen-
ous structural breaks in our data series and analyse the impact of structural breakpoints on the EKC relation-
ship.WefindN-shaped EKCswith comprehensive investment, and produced capital investment, indicating
increasing carbon emissions in India’s current growth path.Only the use of alternative energy forms is found to
have helped reduce carbon emissions.We observe that as per a-priori expectations, natural capital has amono-
tonic decreasing impact on emissions. These results hold significance in the context of other dynamic studies
on EKCwhich useGDPper capita as ameasure of welfare sinceGDPdoes not account for the underlying
natural capital depletion (on the contrary, GDP increases when there is greater depletion ofminerals or cutting
of forests for timber). Our analysis brings to the fore, the critical role played by natural capital in thewell-being
of an economy. To decouple economic development from environmental degradation, it is important to
ensure a balance in the asset composition of comprehensivewealth in India, through investment in natural
capital rather than only anthropogenic capital. It would enhance the regenerative and assimilative limits of the
ecological system essential for sustainable development. The paper is structured as follows. Section 2 presents
the Literature Review followed by section 3which covers theMethodology andData for testing the EKC
hypothesis. The ‘Results andDiscussion’ are given in section 4 followed by ‘Impact of Structural Breaks’ in
section 5. Section 6 concludes.

2. Literature review

In the growth-environment trade-off debate, the EKChypothesis provides some comfort as it suggests that
long run growthwill eventually lead to a better environment. An invertedU-shapedEKC relationship between

3
Comprehensive investment and genuine savings refer to the same concept: while theWorld Bank (2006, 2011)uses the term ‘genuine

savings’ to refer to change in comprehensivewealth or productive base, theUNU-IHDP andUNEP (2012)use the term ‘comprehensive
investment’
4
Beginningwith theWater Act in 1974, Air Act in 1981, establishment of theDepartment of Environment in 1980 (subsequently the

Ministry of Environment in 1985), the umbrella legislation of the Environmental ProtectionAct in 1986, etc.
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environmental degradation and income is the result of the simultaneous operation of the scale effect,
composition effect and technique effect (Stern 2004). Together, these three effects trace out the bell-shaped
curve, whichmeans that after a certain threshold income, environmental quality improves. Looking at the
demand side factors, economic agents aremainly concerned about survival and fulfilment of basic needs in the
early stages, hence, the quest for growth. It is onlywhen they are sufficiently rich, that economic agents’ value
clean environment and arewilling to pay for it, as reflected in defensive expenditures and shift to
environmental-friendly products.High income consumers could also press for institutional reforms andmore
stringent environmental regulations.

The EKC literature also throws light on several other explanations for the EKC such as role of international
trade.While trade increases pollution through scale effect by expanding the size of the economy, itmay reduce
pollution through the import of cleaner technologies. But developing economies typically specialize in pollu-
tion-intensive industries due to lax environmental regulations, in contrast to their developed counterparts who
specialize in service-intensive or cleanproduction (Stern et al 1996). However, considering contradictory evi-
dence on the pollution haven effects, it cannot provide a clear explanation of the EKC (Cole 2004, Stern 2004).
Apart from these, the EKC literature also discusses several other factors responsible for the EKC such as diffu-
sion of technology, policy changes, formal and informal regulation, foreign direct investment, etc (see
Dinda 2004 for an extensive review).

2.1. The capital approach to sustainability andEKC
The capital approach to sustainability emphasises fourmain types of assets which form the productive base of
the economy, viz., produced capital, human capital, natural capital and institutional capital. Along the path of
structural transformation of a country transitioning froman agrarian to industrial and then service-oriented
economy, natural capital is relatively abundant in the initial stages and emissions are low.With
industrialization, exploitation of natural capital (KN) is accompanied by accumulation of produced capital
(KM) and increase in emissions.When quantitative or tangible natural capital is utilised, such as burning of
fossil fuels or cutting of forests, the qualitative or intangible natural capital such as air quality deteriorates. As
the economy further gravitates towards a service driven economywith dominance of knowledge and human
capital (KH), emissions start to decline. This stage is accompanied by development of technological capital and
environmental-friendly institutions encouraging shift to sustainable living and use of cleaner energy sources.

Hence, it is the composition of ‘comprehensivewealth’ that impacts emissions. Accumulation of produced
capital increases emissions, while human and natural capital accumulation has a negative impact on emissions.
The portfolio of the three forms of capital and technological progress, alongwith institutional capital and
norms to protect the environment, have the potential to cause a downturn in emissions in the long run.

2.2. Empirical studies on EKC
The extensive literature on empirical analyses of EKChave covered different pollutants and observed different
pollution-income relationships (e.g., Grossman andKrueger 1991, Shafik andBandyopadhyay 1992, Jha and
Murthy 2003, Cole 2004,Mukherjee andKathuria 2006,Managi and Jena 2008, Kumar andManagi 2009,
Mukherjee andChakraborty 2009, Sinha andBhattacharya 2016, Sinha and Sen 2016, Sinha and Shahbaz 2018,
Rana and Sharma 2019). Typically, local pollutants like suspended particulatematter, sulphur dioxide, nitrous
oxides and carbonmonoxide exhibited an inverted-U shaped relationshipwith income per capita (see
Dinda 2004, Kaika andZervas 2013), while for pollutants that can be disposed in distant areas, likemunicipal
waste, the EKCwasmonotonically increasing (Shafik andBandyopadhyay 1992,Dinda 2004).

For carbon emissions too, a diverse set of EKC relationships have been observed in the literature ranging
from invertedU-shaped curve (Dutt 2009, Fosten et al 2012, Kanjilal andGhosh 2013, Tiwari et al 2013, Kasman
andDuman 2015, Chakravarty andMandal 2016,Destek et al 2016, Sugiawan andManagi 2016), toN-shaped
curve (e.g., Friedl andGetzner 2003, Pal andMitra 2017, Sinha et al 2017,Murthy andGambhir 2018), and
monotonically increasingEKC (e.g., Shafik andBandyopadhyay 1992, Shafik 1994, Seetanah andVinesh 2010,
Gill et al 2017), or no relationship (e.g., Roca et al 2001, BenNasr et al 2015). The different shapes of the EKC
curve are attributed to differences inmodel specification,methodologies, time periods and contexts (Shahbaz
and Sinha 2018). Evenwhen considering analyses in the context of single country versus cross-country studies,
the EKC results for carbon emissions are inconclusive in both sets of studies (Shahbaz and Sinha 2018).

For India, (Sinha and Shahbaz 2018) estimated an invertedU-shaped EKC for CO2 emissionswithGDPper
capita for the period 1971–2015. Similarly, (Ahmad et al 2016) also found an invertedU-shaped EKCusing
ARDL approach for energy usewith income per capita for the Indian economyduring 1971–2014; and (Özgür
et al 2022) found an invertedU-shaped curve for carbon emissions withGDPduring 1970–2016 using a Fourier
ARDLmodel. (Jayanthakumaran et al 2012) and (Kanjilal andGhosh 2013) too observed an invertedU-shaped
EKCusing quadraticmodel specification for India over the period 1971–2008.On the other hand,with a cubic
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specification, (Murthy andGambhir 2018) found anN-shaped EKC forCO2 emissions for the period
1991–2014, as did (Pal andMitra 2017) for the period 1971–2012.

Based on these findings in the literature, we conclude that empirical evidence onEKC ismixed in cross-
country analyses, as well as those pertaining specifically to Indiamainly due to varying time periods,model
specification, econometric techniques and control variables used.

2.3. An alternative toGDPper capita in the EKCanalysis
Themixed empirical evidence on the EKChypothesis and the lack of evidence on an eventual downturn in
carbon emissions, contrary to the theoretical underpinnings of the hypothesis, suggests that the de-coupling of
environmental degradation from economic growthmay not be occurring. If economic production jeopardizes
the pollution buffering capacity of the ecosystem, then environmental degradationwill invariably result. The
exhaustion of KNwould not be problematic if it is easily substitutable by other factors, but if not, then their
exhaustionmay prove to be catastrophic (Solow 1974). Such a catastrophe ismulti-edged as exhausting natural
resourceswould destroy qualitative environment, and at the same time, economic productionwould be
adversely affected until a new technology (called ‘backstop technology’ in Solow 1974), that frees economic
production from resource dependence, takes over.

Few studies have explored the linkages between natural capital, environmental quality and economic
growth. (Kurniawan et al 2021) proxied environment quality by the ‘natural capital component’ of inclusive
wealth and found that economic growth has a non-linear impact on natural capital. However, they did not
study the impact of the loss of natural capital on emissions.One study, by (Neve andHamaide 2017), used
‘genuine savings’ instead ofGDP in the EKChypothesis. They considered genuine savings or comprehensive
investment, and its components in per capita terms and examined the EKChypothesis for a cross-section of
countries (including India). (Wang et al 2024) also explore the natural capital component by taking ‘natural
resource rents’ as one of the explanatory variables in the EKChypothesis apart fromother variables such as
institutional quality, digital economy, energy transition, artificial intelligence among others. Their country
database is wide covering 214 countries which includes both emerging and developed economies. In a recent
EKCanalysis with conventional incomemeasure, (Caporin et al 2024) observe that a linear EKC ismore coher-
entwith ecological footprint, energy consumption, climate change adaptation andGDP as independent vari-
ables. They found that higher energy consumption and higher ecological footprint is associatedwith increased
carbon emissions in the long run. The increasing ecological footprint and energy consumption due to eco-
nomic production and consumption poses greater pressure on natural resources (air, water, land), and the
resultantwaste generation andwaste assimilation can be interpreted as a decline in natural capital stock. Few
studies have exclusively focussed on emerging economies, for example, (Bekun et al 2021) apply the EKC
hypothesis to E7 economies (viz., emerging economies such asChina, India,Mexico, Brazil, Russia, Indonesia
andTurkey). They explore the combined impact of renewables and institutional quality on environment and
find that weak institutions dampen environmental quality and renewables improve environmental quality.

Income per capita orGDPper capita has long been under the scanner as a poor indicator of welfare orwell-
being, and its use in EKC studies have also drawn criticism (e.g., Stiglitz et al 2009). TheGDPper capitamay
increase in the face of increasing environmental degradation. For example, timber production through de-
forestation increases GDP, as the loss in forests and accompanying flowof ecosystem services are not accounted
for.However, comprehensive investment accounts for depletion of forests,mineral resources, and air pollution
damages (Lange et al 2018), and better captures the relationship between development and environment
(Munasinghe 1999).

3.Methodology anddata for testing EKCHypothesis

3.1. Empiricalmodel
The early EKChypothesis in (Grossman andKrueger 1995) considered a reduced form approach andmodelled
environmental pollution as a cubic function ofGDPper capita.While several analysts used quadratic
specifications, subsequent analyses showed, that after ‘delinking’ fromhigher incomebeyond a threshold,
pollutionmay ‘re-link’ with increasing income such that the inverted-U changes to aN-shaped curve (deBruyn
andOpschoor 1997). To incorporate the re-linking hypothesis of the EKC,we use a cubic polynomialmodel
specification as follows:

( )= + + + + +e x x x zln 1t t t t t t1 2
2

3
3

4

Where subscript ‘t’ denotes year, e represents environmental pollution, x is an indicator of well-being (GDP
per capita or comprehensive investment per capita), z is a vector of control variables, and is the error term.
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Our log-linearmodel better captures the non-linearities, non-convexities and irreversibilities in environmental
processes as emphasized in the scientific literature (seeDasgupta,Mäler 2009). The EKCpattern depends on
the s. If > = =;0 01 2 3 , then EKCwould be an increasingmonotone. If < = =;0 01 2 3 , the
EKCwould be a decreasingmonotone. If > < =;0 0; 01 2 3 , the EKCwould be invertedU-shaped. If

< > =;0 0; 01 2 3 , the EKCwouldU-shaped. If > < >;0 0; 01 2 3 , the EKCwouldN-shaped. If
< > <;0 0; 01 2 3 , the EKCwould be inverseN-shaped. If = = = 01 2 3 , therewould be no

relationship between development and pollution.
In the EKC literature, the environmental stress e has been taken in aggregate as well as per capita emissions.

Per capita emissions are better suited in the context of cross-country analysis where they serve as a basis of
comparison after controlling for country size. In our analysis here, we consider the aggregatemeasure of carbon
emissions as it is a stockpollutant and our interest is to track the dynamics of the impact of well-being on
emissions of the stock pollutant over four decades in India.

In the literature the variables have been taken in absolute aswell as logarithmic forms, using linear, semi-log
linear or double-log linear specifications as per the case. (Hasanov et al 2021)noted that the estimated coeffi-
cients and the significance of the lower power terms in the polynomial are scale-sensitive and unit dependent,
i.e. themagnitude and significance of 1 and 2 in the cubic form, (and 1 in the quadratic form), are affected in
double logarithmic specification. So, we estimate a semi-log specification of the EKCmodel in equation (1),
with emeasured as log carbon emissions.

Ourmodel estimation uses five indicators of development: beginningwith the benchmark indicator in the
EKC literature, namelyGDPper capita, followed by comprehensive investment per capita and its components
of produced, human andnatural capital investment per capita.We control for the economic structurewith the
share of industry-value added toGDP, and for technique effect through FDI inflows and alternative energy.

We use theARDLmodel by (Pesaran et al 1996, 2001) for our analysis spanning a period of 42 years as it
allows for the optimal lags of variables and analyse the long run relationship between variables. TheARDL
approach corrects for potential endogeneity of the regressors since all the variables enter themodelwith lags
(Pesaran and Shin 1999).

3.2. Constructed components of comprehensivewealth anddata sources
Weconstruct the comprehensive investment per capita and its components for India following the
methodology in the literature (summarized in appendix table A1). Comprehensive wealth ‘W ’ is the sumof
produced capital KM , human capital KH andnatural capital KN :

( ) ( )( ) ( ) ( )= + +W t K K K 2M t H t N t

( )= + +K Agriland Wealth Subsoil Wealth Forest Wealth_ _ _ 3N

Wecompute the real value of each of the above types of capital at constant shadowprices at 2004-05 level.
We observe that the share ofmanufactured capital has increased overtime at the expense of natural capital, the
share of which decreased from close to 50% in 1975 to only 11.31% in 2013 (figureA1 in appendix). The change
in comprehensivewealth referred to as comprehensive investment is given as:

( ) ( )= =Comprehensive Investment CI W t 4

Next, we estimate the comprehensive investment per capita (CI pc), and its components, viz., produced
capital investment per capita ( K pcM ), human capital investment per capita ( K pcH ), and natural capital
investment per capita ( K pcN ).

It is important to note here that natural forest cover and its associated native biodiversity differs frompat-
chy plantations in terms of ecological significance, and the two cannot be treated as same. The Forest Survey of
India (FSI)defines forest cover as ‘all landsmore than one hectare in area, with a tree canopy density ofmore
than 10%, irrespective of ownership and legal status’ in its reports 1987–2013. The FSI data on forest cover
includes plantation expansion,monocultures, and small patchy reforestation, - which obscures the informa-
tion on native forest (Puyravaud et al 2010), and the decline in dense forest cover is overshadowed by the
increasing plantation area (Lele 2025).

To track native forest cover, we rely on the recent remote sensing native forest cover data published in
(Reddy et al 2016), which defined forest cover as ‘land spanningmore than 1 ha, dominatedwith native tree
species, having aminimum stand height of 5mwith an overstorey canopy cover greater than 10%’ (pp 96). This
data captures natural forests in the countrymore accurately, but is available only for select time points until
2013 (specifically for six years, namely 1930, 1975, 1985, 1995, 2005 and 2013). This remote sensing data
exclude cultivated andmanaged systems like plantations, unlike the annual FSI data that do not distinguish
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them fromnative forests.More importantly, the FSI data is not comparable overtime due to revisions in the
definition of forest cover.Our choice of the period of analysis here is based on data availability of native forest
cover for India. Given this data limitation, we interpolated the data for the intervening years to obtain the time
series for 1972–2013.5 This is one of the limitations of our study, however since data on native forest cover is not
available, we had a constrained choice tomake, and this seemed to be the best fit. Additionally, we checked for
statistical consistency of our interpolated forest cover series (as explained in footnote 5).

A complete description of variables alongwith data sources is summarized in table 1, and the descriptive
statistics given in table 2. All the variables appear to be clustered around themean except for FDIwhich shows
more variability.While produced capital investment per capita, human capital investment per capita are found
to exhibit an increasing trend, natural capital investment is seen to decline. Alternatively, natural capital disin-
vestment is seen to increase overtime. The aggregate of the three, comprehensive investment per capita is also
found to be increasing overtime. Among the control variable, FDI inflows, ‘industry share inGDP’ and ‘share
of alternative energy in total energy use’, all display an increasing trend.

3.3.Unit root tests
Wecheck for stationarity of variables, and conduct the standard unit roots tests for application of ARDL. The
variables are found to satisfy the stationarity criterion for application of ARDL, and exhibit a combination of
I(0) and I(1), with the lag length for variables based on theAkaike InformationCriteria, as given summarized in
table 3.

4. Results and discussion

The results of our ARDLmodel estimations are presented in tables 4 and 5, which depict ourARDLoutputs in
themodelwithout structural breaks andwith structural breaks respectively. This facilitates easy comparison.
Beginningwith the standard indicator of economicwell-being, namelyGDPper capita (R1, table 4), we find a
N-shaped EKC,which indicates that after a downturn in emissionswith higher per capita income, there has
been a rebound in emissions. Figure A2 illustrates that after amild de-linking of emissions from economic
growth (first turning point at aroundGDPpc= 22), a stronger re-linking of carbon emission is observed at the

Table 1.Data description and sources.

Variable Description Data source

CO2 CO2Emissions WorldDevelopment Indicators (WDI)Database.

GDPpc GrossDomestic Product Per Capita at FactorCost

(1972 to 2013) in thousand rupees

GDP at FactorCost at 2004-05 prices is obtained from

National Accounts Statistics, CSO,MOSPI

CI pc Comprehensive Investment PerCapita (1972 to 2013)
in thousand rupees

ComprehensiveWealth is obtained by adding Physical

CapitalWealth,HumanCapitalWealth andNatural

CapitalWealth, at 2004-05 prices.Comprehensive

Investment is the change inComprehensiveWealth.

K pcM ProducedCapital Investment Per Capita (component of

CI), or Change in ProducedCapital Per Capita (1972
to 2013) in thousand rupees

Authors’ estimates at 2004-05 shadowprices.

K pcH HumanCapital Investment Per Capita (component of

CI), or Change inHumanCapital Per Capita (1972 to
2013) in thousand rupees

Authors’ estimates at 2004-05 shadowprices.

K pcN Natural Capital Investment PerCapita (component of

CI), or Change inNatural Capital PerCapita (1972 to
2013) in thousand rupees

Authors’ estimates at 2004-05 shadowprices.

FDI ForeignDirect Investment (net inflows) as share of
GDP (%)

WDIDatabase.

industry_share Share of industry (including construction), value added
inGDP (%)

WDIDatabase.

alternative_energy Share of alternative and nuclear energy (including
hydropower, nuclear, geothermal, solar power, etc)
in total energy use (%)

WDIDatabase.

5
To verify the accuracy of interpolated data, we usedWDI forest cover data (available from1990) as the benchmark since it is a complete

series unlike Forest Survey of India data that is available biennially.Weused Z-test on difference between the two series and found that it
satisfies the ‘less than 2 standard deviation’ rule.Hence, our interpolated forest cover data is ‘statistically consistent’ with the forest cover
data obtained fromWDI.
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second turning point at aroundGDPpc= 40). The cointegrating relationship is confirmed by the Bounds test
F-statistic and long-run convergence between the variables is confirmed by the Error CorrectionTerm.Our
finding is similar to (Murthy andGambhir 2018) and (Pal andMitra 2017)who reportedN-shaped EKC for
India; and (Neve andHamaide 2017) for low-income and high-income countries (but notmiddle-income
countries).

Using our sustainable development indicator of comprehensive investment per capita (R2, table 4), we
again observe aN-shaped EKC. Both the turning points arewell within the study periodwith first turning point
at aroundCI pc= 7 and second turning point at aroundCIpc= 10). The composition effect, captured by the
share of industry in total output, has had a significant adverse impact increasing carbon emission. Figure A3
illustrates that the falling part of EKC is barely conspicuous due to the absence of a clear downturn, and the
Indian economy is now situated on the rising part of the curve.One reason for steep climbupturn in the curve
could be the rapid deterioration of natural capital. Our finding is similar to (Neve andHamaide 2017), who also
observed anN-shaped EKCusing genuine savings per capita.

Distinguishing between the three components of comprehensive investment, we observe aN-shaped EKC
only for produced capital investment (R3, table 4), and no relationship of emissionswith human and natural
capital investment (R4-R5, table 4). For produced capital accumulation, a steep rebound in emissions after the
inflection point (figureA4), elucidates that it has come at the cost of environmental degradation. The first
turning point around =K pcM 4 is hardly conspicuouswhile the second turning point at around

=K pcM 10 shows a steep delinking. TheN-curve is this case is rather shallow.Our focus is primarily on the
delinking-relinking aspect of emissions-income relationships, rather than on the exact points at which such
delinking-relinking is happeningwhich are referred to as the turning points. EKC studies have reported various
‘turning points’. Hence, theremay be a range of turning points for a range of EKC curves which incorporate
various control variables and structural breaks. That a relinking of emissionswith growth is happening is some-
thing commonly reported bymost studies in the literature. From a policy perspective, a range of turning points
fromvarious EKC studies should be considered. (Neve andHamaide 2017) had also reported anN-shaped EKC
with themanufactured capital component of genuine savings or comprehensive investment.

Table 2.Descriptive statistics.

Variable Observations Mean Std. dev. Min Max

ln CO2 42 13.404 0.684 12.292 14.526

GDPpc 42 21.092 10.475 10.597 45.898

CI pc 42 6.057 3.225 2.983 13.539

K pcM 42 3.731 2.983 1.236 10.979

K pcH 42 2.527 0.431 1.805 3.319

K pcN 42 −0.201 0.078 −0.285 0.0023

FDI 42 0.629 0.852 −0.029 3.620

industry_share 42 27.094 2.311 21.411 31.136

alternative_energy 42 2.139 0.256 1.696 2.721

Table 3.Unit root tests.

ADF t-statistic PPZ(t)

Variables Level 1stDiff. Level 1st Diff. Decision

ln CO2 −1.803 (1) −5.669 (0)*** −1.850 (1) −5.669 (0)*** I(1)
GDPpc 0.246 (2) −2.988 (1) 1.194 (2) −4.463 (1)*** I(1)
CI pc −1.514 (2) −3.488 (1)* −1.450 (2) −4.152 (1)** I(1)

K pcM −1.429 (1) −4.410 (0)*** −1.213 (1) −4.410 (0)*** I(1)
K pcH −1.565 (1) −6.363 (0)*** −1.648 (1) −6.363 (0)*** I(1)
K pcN −2.806 (3) −5.856 (2)*** −5.356 (3)*** −19.415 (2)*** I(0)

FDI −2.545(1) −7.310 (0)*** −2.823 (1) −7.310 (0)*** I(1)
industry_share −3.193 (3) −7.231(0)*** −2.101 (3) −7.231(0)*** I(1)
alternative_energy −1.460 (1) −7.840 (0)*** −2.167 (1) −7.840 (0)*** I(1)

***, ** and * are statistically significant at 1, 5 and 10%, respectively. The optimal lag length is based onAkaike

InformationCriterion (AIC), Schwarz’s Bayesian InformationCriterion (SBIC) andHannan-Quinn Informa-

tionCriterion (HQIC). For all series, trend regression is used. Figures in parentheses ( ) at Level and 1st Diff. are

the optimal lags.
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Table 4.EstimatedARDLmodel for GDPper capita, comprehensive investment per capita and components.

X=GDPpcARDL(1, 2, 3, 3, 0, 1, 3) X=CI pcARDL(2, 0, 0, 3, 0, 0, 2) =X K pcM ARDL (1,0,0,1,0,1,0) =X K pcH ARDL (2,2,2,1,2,0,0) =X K pcN ARDL(1, 4, 4, 3, 4, 4, 4)
Dependent variable: COln 2 R1 R2 R3 R4 R5

X 0.682*** (0.065) 1.105*** (0.387) 0.709*** (0.255) −241.632 (461.695) −4.179 (14.139)
X 2 −0.0238*** (.0028) −0.134** (0.049) −0.117** (0.043) 94.263 (176.77) 12.427 (112.0407)
X3 0.0003*** (0.000) 0.0052** (0.0019) 0.0063** (0.002) −11.872 (21.932) −18.011 (270.029)
FDI 0.047** (0.022) −0.107 (0.111) −0.038 (0.099) −1.083 (2.639) 0.728** (0.231
industry_share −0.014 (0.0178) 0.141** (0.063) 0.179*** (0.047) 0.036 (0.302) −0.138 (0.139)
alternative_energy 0.065 (0.061) −0.465 (0.286) −0.454** (0.201) 0.047 (1.215) −0.465* (0.235)
Intercept 4.653** (1.378) 0.825** (0.396) 1.039** (0.405) −4.331* (1.608) 2.798** (1.126)

Shape of EKC N-shaped N-shaped N-shaped — —

Turning Points Range Within ‘study period’ Within ‘study period’ Within ‘study period’

Bounds Test F-Statistic 5.272** 4.357* 3.345 3.424 2.37

Speed ofAdjustment (ECMt 1) −0.601*** (0.173) −0.098*** (0.046) −0.118*** (0.041) 0.021 (0.043) −0.171**(−0.067)
Result of Bounds Test and ECMt 1 Cointegration Cointegration Cointegration NoCointegration Cointegration

JBNormality test Statistic 2.095*** [0.351] 4.929** [0.085] 2.628*** [0.268] 0.276*** [0.871] 1.465*** [0.480]
RamseyRESET test F-Statistic 0.400*** [0.758] 0.480*** [0.699] 0.240*** [0.867] 0.760*** [0.527] 2.40*** [0.208]

Standard Errors are in parentheses ( ).Model Selection is based on theAkaike InformationCriterion. ***, ** and * are statistically significant at 1, 5 and 10%, respectively. p values of diagnostic tests are in brackets [ ].
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The lack of any significant relationship of carbon emissionswith human capital investment per capita,
however contrasts with the results of (Neve andHamaide 2017), as they observed an inverted-UEKC for com-
prehensive human capital investment in the cross-country analysis (covering low-income,middle-income and
high-income countries). Since investment in human capital leads to productivity improvement and technolo-
gical gains, it reduced carbon emissions at higher levels of human capital investment per capita. Our result,
however, suggests that India is yet to reach the level of human capital investment sufficient to reduce carbon
emissions. Although India has immense human capital potential based ondemographics, its investment has
fallen short of the levels required to yield benefits observed in the richer countries of the (Neve and
Hamaide 2017) sample.

Similarly, there is no EKCwith natural capital investment per capita (R5, table 4).We note that natural
capital investment per capita in India has been largely negative (average value negative as seen in the descriptive
statistics), while carbon emissions have been increasing. The continued disinvestment in natural capital
through the years, translates to amonotonically decreasing relationship between carbon dioxide andnatural
capital stock over the years. Again, our finding does notmatch the cross-sectional results obtained by (Neve and
Hamaide 2017), who found aN-shaped EKCbetween carbon emissions andnatural capital investment. Inter-
estingly, however, the authors had observed that onewould have expected ‘amonotonic increasing relation
between natural resource depletion instead of aN-shaped curve’, as we find in our study.

Among the control variables, FDI inflowhas had a significant impact in increasing carbon emissions in the
specificationwithGDPper capita (R1, table 4) and natural capital investment (R5, table 4), suggesting that
foreign investment rather than aiding carbonmitigation in India, has increased emissions. The composition of
aggregate output (asmeasured by the share of industry inGDP) has also significantly increased carbon

Table 5.Re-estimatedARDLmodel incorporating structural break-dates.

X=GDPpc

ARDL(1, 2, 3, 3, 0,
1, 3, 0)

X=CI pcARDL

(2, 0, 0, 3, 0, 0,
2, 0)

=X K pcM

ARDL

(1,0,0,1,0,1,0,0)
=X K pcH ARDL

((2,2,2,1,2,0,0,0) )

=X K pcN

ARDL

(1,4,4,3,4,4,3,2)
DependentVariable:

ln CO2 R1 R2 R3 R4 R5

X 0.685*** (0.068) 1.127** (0.413) 0.721** (0.337) −198.741 (248.383) 6.072 (13.105)
X 2 −0.0238***

(0.0028)
−0.133** (0.052) −0.118** (0.051) 78.010 (95.329) 105.402 (107.019)

X3 0.00025***

(0.00003)
0.0051** (0.002) 0.0064** (0.002) −9.859 (11.837) 198.929 (218.786)

FDI 0.047* (0.022) −0.100 (0.118) 0.0404 (0.106) −0.621 (1.179) 0.646*** (0.135)
industry_share −0.017 (0.0262) 0.131* (0.0732) 0.178*** (0.054) 0.041 (0.202) −0.098 (0.088)
alternative_energy 0.078 (0.094) −0.432 (0.320) −0.449** (0.225) 0.238 (0.701) −0.540** (0.207)
DY −0.012 (0.057) −0.068 (0.263) −0.011 (0.214) −0.743 (1.152) −0.105 (0.295)
Intercept 4.697*** (1.432) 0.809* (0.408) 1.038** (0.413) −5.474** (2.081) 3.551** (1.233)

Shape of EKC N-shaped N-shaped N-shaped — —

BoundsTest

F-Statistic

4.835*** 3.681 2.833 3.061 —

Speed ofAdjust-

ment (ECMt 1)
−0.604*** (0.178) −0.094* (0.048) −0.118*** (0.042) 0.032 (0.045) −0.227** (0.070)

Result of Bounds Test

and ECMt 1

Cointegration Cointegration Cointegration No cointegration Cointegration

JBNormality test

Statistic

2.123*** [0.346] 4.537*** [0.103] 1.240*** [0.538] 0.317*** [0.853] 1.150*** [0.563]

RamseyRESET test

F-Statistic

0.410*** [0.750] 0.870*** [0.474] 0.230*** [0.872] 0.540*** [0.658] 0.480*** [0.731]

Note: Break years are 1999, 1998, 1998, 1995, 1986 inR1, R2, R3, R4, andR5 respectively.

Dy represents the time dummy that takes the value 0 prior to the break year and 1 from the break year onwards.

Standard errors in parentheses ( ) are heteroskedasticity and autocorrelation consistent.Model Selection is based on theAkaike

InformationCriterion. ***, ** and * are statistically significant at 1, 5 and 10%, respectively.

p values of diagnostic tests are in [ ] brackets. Critical Values of Bounds test F-Statistic: at 10 per cent, I(0) = 2.03, I(1) = 3.13; at 5 per cent,

I(0) = 2.32, I(1) = 3.50; at 1 per cent, I(0) = 2.96, I(1) = 4.2
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emissions as evident in two specifications - with comprehensive investment and produced capital investment
(R2 andR3, table 4). This reflects that the economic structural change in India has had an adverse environ-
mental impact. As expected, the use of alternative non-fossil fuel-based energy consumption significantly
reduced emissions (R3andR5, table 4).6

Ourfindingswith respect to control variables are consistentwith the results of existing studies in the literature.
While import of energy-efficient technologies decreases emissions, in case of thedeveloping economies, FDI inflows
couldhave apositive impact on emissions if such economies act as ‘pollutionhavens’ attractingmorepolluting
industries due to lax environmental regulations (Panayotou2003,Cole 2004). Indeed, (Xiaoping andXin2017)
found significant impact of FDIonEKCrelationships, validating thePollutionHavenhypothesis. (Murthy and
Gambhir 2018) also found that FDIhas a positive impact on emissions. Similarly, the increasing share ofmanu-
facturing inGDPwas seen to contribute to a rise in carbon emissions in (Neve andHamaide2017) and (Sikder et al
2022). Finally, carbon emission reductiondue to renewable energywas observed in studies such as (Rahman et al
2022).Ourmeasureof alternative energyuse includes both renewable andnuclear energy.While thepositive impact
of renewable energyon emissions reduction is largelyundeniable, nuclear energyusage is subject toother environ-
mental concerns especially in the safe handling andmanagement of nuclearwaste.

Summing up, our analysis highlights that the structural change of the Indian economy led to an adverse
environmental impactwith industrial growth, but the use of renewable energy forms played a significant role in
abating carbon emissions. Contrary to several EKC studies done for India on carbon pollutionwhich found an
invertedU-shaped EKC (Kanjilal andGhosh 2013, Ahmad et al 2016, Sinha and Shahbaz 2018,Özgür et al
2022), we find aN-shaped EKCusing the sustainable development indicator of comprehensivewealth invest-
ment and its produced capital component. Our findings resonatewith (Pal andMitra 2017) andmore sowith
the cross-country study of (Neve andHamaide 2017), which found aN-shaped EKCusing comprehensive
investment per capita as themeasure of well-being.Our findings provide important insight in the dynamics of
India’s development over the last four decades, that while development has been ‘weakly sustainable’ (Agarwal
and Sawhney 2021), the trajectory of environmental degradation is a cause for concern as the country continues
to be on rebound of increasing pollution.

Using comprehensive investment to gaugewell-being, insteadof the conventional yardstickofGDP, allowedus
to account forunderlyingdepletion anddegradationof the environmental resources.We found that theEKC
hypothesis onde-linkingof growth andpollutionbeyonda threshold level ofwell-beingdoesnot hold for India, or
perhaps the countryhasnot yet reached the threshold level ofwell-being for that turnaround tooccur.The steady
decline innatural capital stockdoesnot augurwell for thedevelopmentpath ahead, as thenatural capacity to seques-
ter carbon continues todeclineover time.Thedepreciation innatural capital in our analysis subsumes thedecline in
subsoilwealth, native forestwealth andagricultural landwealth.Declining subsoilmineralwealth and increasing
carbonemissions are directly related to eachother, reflecting the relianceon fossil fuel-based energy.Besides burn-
ingof fossil fuels, landuse changes are also responsible for carbonemissions.Deforestation, soil degradation and
other landuse changesdeterminewhether landacts as anet carbon sourceor sink.With thedeclineof suchnatural
capital, both the resource and sink functionofnature are adversely affected sincewithinnatural capital, all three
types, viz., subsoilwealth, forestwealth and landwealth are declining.Ononehand, carbonemissions are increasing
due to extractionof subsoil resources for energy, on theotherhand, carbon-sequestering forests arewipedout.This
has acted like a double-edged sword in increasing greenhousepollution.

4.1. Long-run cointegration and robustness check
In ourARDLmodel estimations, we confirmed the cointegrating relationshipwith the Bounds test as reported
in the table 4.While the F-statistic of the Bounds test is significant in the specificationswithGDPper capita, and
comprehensive investment per capita (R1-R2, table 4), it is found to lie in the inconclusive region in the other
specifications. Several studies have noted that when the calculated F-statistic is found to be inconclusive (falling
between the lower and upper bounds), the alternative efficient way of establishing cointegration is to test for the
significance of the negative lagged error-correction term (Kremers et al 1992, Bahmani-Oskooee 2001, Iwata
et al 2012, Shahbaz et al 2012, Kyophilavong et al 2013).We find that the error correction term (ECMt-1) is
significant and lies between 0 and−1, in all our specifications except that of human capital (R4, table 4). The
negative lagged error correction term indicates the speed at which (short-run) disturbances from long-run
equilibrium level of carbon emissions are corrected by the following year, signifying stable long-run
relationship between the variables and carbon emissions.

This establishes co-integration inourARDLmodelswithGDPper capita, comprehensive investmentper capita,
produced capital investmentper capita (R1-R3 in table 4), andnatural capital investment per capita (R5, table 4).We

6
According toWDI database the definition for of alternative and nuclear energy is defined as follows: ‘Clean energy is noncarbohydrate

energy that does not produce carbon dioxidewhen generated. It includes hydropower and nuclear, geothermal, and solar power, among
others’.
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also conducteddiagnostic tests such as the Jarque-BeraNormality test and theRamseyReset test. Thenormality
assumption ismet in all themodels andmodels are correctly specified asper the results of these diagnostic tests.

5. Impact of structural breaks

In an analysis tracking the dynamics of an economy, identifying, and controlling for structural breaks in the
time-series variables is important. However, among the various dynamic EKC studies on India covering the
period from1970s to 2000 and beyond, few have identified the presence of endogenous structural breaks in the
data. For example, the study by (Pal andMitra 2017) for the period 1971–2012 used theARDL approach for
examining the EKC in India but did not control for structural breaks in the data. On the other hand, Sinha and
Shahbaz (2018) checked for the stationarity of variables for the period 1971–2015, using the unit-root test with
multiple structural breaks, before applying theARDLmodel. Although they identifiedmultiple break points in
various series such as renewable energy generation per capita, income per capita, electric power consumption
per capita, etc, these break-points were not incorporated in themain regression framework.However,
(Jayanthakumaran et al 2012) and (Kanjilal andGhosh 2013)while testing the EKChypothesis for India for
1971–2007 and 1971–2008 respectively, incorporated the endogenously determined structural breaks in the
cointegration framework. As noted by the authors, structural breaks should be incorporated in the
cointegration analysis, otherwise the results could bemisleading.

Structural breaks account for important policy changes, regime shifts, economic crisis, etc (Jayanthaku-
maran et al 2012). In case of India, it is important to control for such breaks keeping inmind themajor policy
shift the countrywitnessed especially since 1991with liberalization reforms.Other policymeasures followed
through the post-liberalization period in the country, and their impact on the time-series need to be controlled
for. To this effect, we identify the endogenous structural breaks in the data using ‘breakpoint unit root test’ and
then incorporate these break dates in our ARDL regression analysis.We test each variable series for the presence
of endogenous structural breaks.We observemost of the series to be non-stationarywith structural breaks in
the post-liberalization years during 1995–2005, except for natural capital investment and alternative energy in
the later eighties (table A2 in appendix).We re-estimate ourmodels incorporating the identified break years.

Our re-estimatedmodel results are presented in table 5, and show that structural breaks had no significant
qualitative impacts on carbon emissions, and our results obtained on the EKChypothesis are robust to inclu-
sion of structural break years in themodel. Our results are consistent with findings in (Jayanthakumaran et al
2012), that structural breaks did not significantly impact carbon emissions in India. There is also no change in
the shapes of the curves aswe obtained earlier in the previous section.

6. Conclusion andpolicy implications

An important link between natural capital and emissions ismissed outwhen a conventional outputmeasure
likeGDP is taken as a yardstick of well-being in the growth-environment nexus of an economy. In the EKC
studies of India, the use ofGDPper capita as an indicator of development fails to represent thewell-being of the
economy, as itmisses out on the true productive capacity of the economy, and the sustainability of economic
development.Our study tries to fill this gap, being the first India-specific study linking EKChypothesis to
comprehensivewealth and examining the relationshipwith carbon emissions over the period 1972–2013.We
find anN-shaped EKCwith comprehensive investment per capita as well as themanufactured capital
component of comprehensive investment, with a pronounced rebound in carbon emissions.Moreover,
disinvestment in natural capital has steadily reduced the natural capital base and the capacity for carbon
sequestration.Wenote that an overwhelming focus on increasing produced capital wealth andGDP,
camouflaged the severe erosion in the natural capital wealth of the country, which plays a critical role in
providing environmental services and ensuring sustainability of economicwell-being.

As envisioned byHermanDaly, a steady-state economywould usematerials and energywithin the regen-
erative and assimilative limits of ecological sustainability. In such an economy,GDP-growth is in principle
possible if changes in technology and consumption patterns allowhigher incomeswithout any increases in the
use of energy andmaterials, - enabling the de-coupling of environment from economic growth. Thatwe are
unable to observe an inverted-U curve for carbon emissions also takes away the hope that development itself
will be able to take care of the environmental sustainability. Our analysis of the Indian growth experience
clearly demonstrates that it is important to shift the development policy focus of India onto the comprehensive
assetmix of produced, human and natural capital, with special emphasis on building human capital and preser-
ving critical natural capital. Only then can one expect the due emphasis on native forests protection for natural
carbon sequestration. Based on these findings, a comprehensive and robust policy framework is essential, one
which protects native forests from exploitation, incentivises renewable and clean energy, and builds the human
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capital base of the economy through investments in education and knowledge creation. TheGreen IndiaMis-
sion implemented in 2014, under theNational Action Plan for Climate Change 2008, has focussed on increasing
forest cover, but the value and protection of native forests have been ignored. India has accelerated harnessing
of renewable energy, especially solar, and recently adopted the ‘carbon credit trading scheme’ , in a significant
attempt at decarbonization in themanufacturing sector, however a concerted focus on carbon sequestration is
imperative.More research is needed in the area of genuinewealth for India and how carbon emissions erode the
qualitative natural capital base. Although studies have conducted ‘genuinewealth accounting’ exercises for all-
India, a disaggregated analysis is lacking and has the potential to provide interesting insights.
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Appendix

TheAppendix contains detailed estimationmethodswhichwere used for estimating each of the three types of
capital, viz., produced, human and natural capital (in table A1). Table A2 gives the BreakpointUnit Root tests
for the variables employed in the study. These tables are followed by select figures. Figure A1 shows the
percentage shares of different types of capital in comprehensivewealth. Figures A2, A3 andA4 plot various
shapes of EKCusing different indicators.

FigureA1.Percentage shares of different types of capital in comprehensivewealth.
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FigureA3.EKC for comprehensive investment per capita (in ThousandRupees at 2004-05 Prices).

FigureA4.EKC for produced capital investment per capita (in ThousandRupees at 2004-05 Prices).

FigureA2.EKC forGDPPerCapita (in ThousandRupees at 2004-05 Prices).
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Table A1.Methodology for estimating produced-, human-, and natural capital.

Capital Type Notes on EstimationMethod

Produced

Capital‘KM ’

Produced capital stock series (at 2004-05 prices) is estimated usingGross FixedCapital Formation (GFCF)data
for the period 1971 to 2013.GFCF data is obtained fromNational Accounts Statistics, CSO,MOSPI.We apply

the Perpetual InventoryMethod (PIM)which is awidely usedmethod. The aggregate capital stock value in

period ‘t’ is given by ‘KMt ’ as:

( ) ( )= + =K K I1 1M
t

M j
t j

Mt j
1

0
1

1t 0

Here, ‘ IM ’ is the value of investment at constant 2004–05 prices, ‘ ’ is the rate of depreciation equal to 5%. ‘KM0’

is the initial capital stockwhich is estimated as follows: =
+

KM
I

g
M

Y
0

0

Here, IM0 is investment for the year 1971-72. gY is the trend growth rate of investment.

Human Capital‘KH ’ We estimate human capital (at 2004-05 prices) for the period 1971 to 2013 as follows:

( )( )
( ( ) )=

=
* * *K e Pop t Compensation_Employees e dt.H t

EDU t
t

t
15 64 0

48

EDU is the average educational attainment obtained fromBarro-Lee Educational AttainmentDataset, Pop15 64

is the population in the age bracket 15-64. Rate of return to education is given by which is assumed to be

8.5%. ‘Compensation of Employees’ is obtained fromWDIdatabase.

Natural Capital‘KN ’ = + +K Agriland_Wealth Subsoil_Wealth Forest_WealthN

Agricultural landwealth at 2004-05 prices is estimated for the period 1971 to 2013 as:

( )= + *Agriland_Wealth RPA Agricultural_land1t t
1

2004 05

RPA is the average rental price per hectare and is the discount rate (5%). Agricultural land area is obtained

from LandUse Statistics,Ministry of Agriculture and FarmersWelfare.

Subsoil wealth of fuels (coal, oil, natural gas) andminerals (bauxite, iron-ore, copper, zinc, lead, rock phosphate,
gold, silver) at 2004-05 prices is estimated for the period 1971 to 2013. The reserves at any point in time is

multipliedwith a constant unit rental price to obtain its real value.

= *Subsoil_Wealth Reserves Implicit Unit Rental Pricet t

= +Reserves Reserves Productiont t t1

Forest wealth at 2004-05 prices is estimated for the period 1971 to 2013 as:

( )= +* *Forest Wealth Forest AreaPHB 0.1 1 1

PHB is the annual per hectare benefits frommoderately dense forests. is the discount rate (5%). Forest Area is

the data on native forest cover as obtained fromReddy et al (2016).

Table A2.Breakpoint unit root test.

Variables t-statistic BreakDate

ln CO2 −3.686 (0) 2000

GDPpc −3.155 (1) 1999

CI pc −3.406 (1) 1998

K pcM −3.406 (1) 1998

K pcH −5.629** (3) 1995

K pcN −7.896*** (1) 1986

FDI −5.629** (0) 2005

industry_share −3.891 (3) 1995

alternative_energy −4.103 (0) 1989

Note: The BreakpointUnit Root test is conducted using

EVIEWS12. It tests the null hypothesis that the series

has a unit root with break.We check for breaks in both

trend and intercept. Breakpoint selection is based on

Dickey-Fullermin-t. AIC (Akaike InformationCriter-

ion) is used for optimal lag length selection. Figures in

parentheses ( ) are the optimal lag lengths chosen by the

models. The t-statistic ismeant for checking stationarity

of the series. ***, ** and * are statistically significant at

1%, 5%and 10%, respectively.
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