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Abstract Since the economy is embedded on environment, and since the envi-

ronment is an important factor of economic growth, the problem of pollutions and

resources exhaustion is receiving increasing attention of economists. The question at

stake is whether economic growth can be compatible with environmental quality.

Testing the possibility of a sustainable economic growth, for an EU27 case study,

this paper brings analytical value to this discussion. Considering a double function

of natural capital, that is a provider of materials and an absorber of emissions, this

paper relates air pollutant emissions and material input data to GDP in order to test

the de-pollution and the dematerialization hypothesis. Based on technological

progress and income elasticity of environmental quality demand, they depict a

positive correlation between income growth and environmental quality. In order to

test these hypotheses a quadratic and a cubic version of the Environmental Kuznets

curve, that is the theoretical bases for de-pollution and de-materialization hypoth-

esis, have been performed. The EU27 data about pollutant emissions, material

consumption and GDP has been provided by EUROSTAT. Results show that, for

EU27, economic growth increased the carbon dioxide emissions and the domestic

material consumption.

Keywords Sustainable economic growth � Environmental Kuznets curve �
Dematerialization � De-pollution � EU27

Introduction

Since the end of World War II, the environmental effects of economy have been

receiving increasing attention of economists. The worldwide deterioration of
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environmental quality and the ecological requirement of economies became

important sustainability issue, involving the political agenda, governments and

international institutions. Since economy is embedded on environment (intended as

physical and biological systems) pollution and resource use became a variable for

micro and macro economics (Daly 1977) and increasing attention has been devoted

to the linkage of environment with economic growth.

Neoclassical growth theory has tried to address this problem (Solow 1974a, b;

Aghion and Howitt 1998a, b) and a sizeable literature1 on that subject, both

theoretical as well as empirical, has grown in last decades. The question at stake is

whether economic growth is ultimately compatible with environmental quality.

One view, based on biophysical approach, is that economic growth will

necessarily require more energy and materials leading to ever greater levels of

environmental degradation. An alternative view, base on eco-efficiency, suggests

that economic growth may improve environmental quality through technological

change, economies of scale in pollution abatement and increasing demand for

environmental quality (Beckerman 1992).

In the early 1970s, the Limits to Growth elaborated by the Club of Rome

(Meadows et al. 1972) were forwarded about the concern for availability of natural

resource of the Earth. They advanced the possibility that pollution and scarcity

would inhibit economic growth. Moreover, for some social and physical scientists

such as Georgescu-Roegen (1971, 1977), growing economic activity requires larger

inputs of energy and material, and generates larger quantities of waste. The

biophysical limits of environment would then prevent economic growth. Accumu-

lation of waste, concentration of pollutants and increased extraction of natural

resource, should overwhelm the carrying capacity of the biosphere and result in the

degradation of the environmental quality and human wellbeing (Daly 1977).

In the same years, Malenbaum (1978) published a work about ‘‘dematerializa-

tion’’ which conflicts with Meadow’s predictions. It showed that the ratio of

consumption of some metals to income was declining in developed economies. In

the theory of ‘‘dematerialization’’ the material input of economies is reduced by

economic growth, thanks to innovation, investment and technical progress (Factor

10 Club 1995; EUROSTAT 2001).

Moreover, on the beginning on 1990s an inverted-U curve (the Environmental

Kuznets curve) was found for pollutant and GDP (Panayotou 1993). Environmental

pressures increase fastens than income at early stages of development and slow

down relative to economic growth at higher income levels. The Environmental

Kuznets curve induced several authors to hypothesize a ‘‘de-pollution’’ theory for

developed counties.

It is in this ‘‘optimistic’’ contest that the ‘‘Sustainable Development’’ paradigm

was born. Elaborated in 1987 by the World Commission on Environment and

Development it states that ‘‘sustainable development is development that meets the

needs of the present without compromising the ability of future generations to meets

1 See, for example, Agras and Chapman (1999), Cole et al. (1997), Dinda (2004, 2005), Grossman and

Krueger (1995), Munasinghe (1999), Pasche (2002), Rothman (1998), Selden and Song (1994), Shafik

(1994), Suri and Chapman (1998), World Bank (1992).
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their own needs’’ (WCED 1987: 43). The Sustainable Development paradigm, based

on ‘‘dematerialization’’ and ‘‘de-pollution’’, considers economic growth and

technological progress as the best way to improve environmental quality. That is

because, innovations, investments and technical progress will ‘‘de-link’’ economy

from its biophysical constraint, making growth environmental friendly (Canas et al.

2003). In recent years, a lot of studies estimated the EKC for a variety of pollutants

(Cole 2003; Coperland and Taylor 2004; Dasgupta et al. 2002) and other provided a

quantification of the material input of an economy (Fisher-Kowalski and Amann

2001; Cleveland and Ruth 1999). However, since the natural capital is an absorber

and a provider of goods and services, both functions should be simultaneously taken

into account.

Considering a EU27 case study and using CO2 emissions data from 1996 to

2008, NOx data from 1996 to 2009 and Domestic Material Consumption statistics

from 2000 to 2007, this paper bridge the gap between the double function of

natural capital. Exploring the hypothesis of sustainable growth it attempts to

bring analytical value to the discussion of ‘‘de-pollution’’ and ‘‘dematerializa-

tion’’. To do so, this analysis is based on the Environmental Kuznets curve

hypothesis that is the theoretical bases for ‘‘de-pollution’’ and ‘‘dematerializa-

tion’’ hypothesis. In particular, quadratic and cubic relationships between carbon

dioxide emissions, nitrogenous emissions, domestic material consumption and

GDP are explored.

The Environmental Kuznets Curve: Previous Literature

The Environmental Kuznets Curve is a hypothetical relationship between various

indicators of environmental degradation and income per capita (Stern 2004). It

depicts a changing relationship between economic growth and environmental stress;

i.e. ‘‘a certain inevitability of environmental degradation along a country’s

development path at an earlier stage of development, and a significant improvement

at a later stage, both as a result of economic growth’’ (Panayotou 1993: p. 3). As

reported in Fig. 1, in a pre-industrial economy, both the quality and the intensity of

environmental degradation are limited to the impacts of subsistence economic

activity on the resource base and to limited quantities of biodegradable wastes. As

industrialization takes off, resource depletion and waste generation accelerate. On

the contrary, in a post-industrial economy, environmental degradation slows down.

Structural change towards information-based industries and services, more efficient

technologies and increased demand for environmental quality result in a decline of

environmental degradation (Panayotou 1993). In particular, linking pollution and

economic growth, it assumes that all countries follow a development trajectory that

growths through different stages over time. Environmental pressure increases faster

than income at early stages of development and slows down relative to GDP growth

at higher income level. An increasing wealth allows countries to invest more on

environmental protection. According to the World Bank (1992) arguments, the

environmental pollution reduction is a ‘‘superior good’’ because it will occur

automatically as poor countries became richer.
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This inverted-U-relationship derives its name from the work of Kuznets (1955)

who postulated a similar relationship between income inequality and economic

development. In the early 1990s a set of empirical studies extended this relationship

to environment (Grossman and Krueger 1991; Shafik and Bandyopadhyay 1992;

Panayotou 1993).

Grossman and Krueger’s (1991) in an NBER working paper analyzed the

environmental impacts of North American Free Trade Agreement (NAFTA) and

pointed out an inverted-U relationship between pollutants (SOx and smoke) and

income per capita. For the World Bank’s 1992 World Development Report, Shafik

and Badyopadhayay (1992) estimated EKCs for 10 different indicators for

environmental degradation (i.e. municipal waste, lack of clean water and sanitation,

deforestation, sulphur oxides and carbon emissions). They argued that ‘‘The view

that greater economic activity inevitably hurts the environment is based on static

assumptions about technology, tastes and environmental investments’’ (IBRD 1992,

p. 38). Panayotou (1993), in a Development Discussion Paper as part of a study for

the International Labor Office, found that deforestation also conforms to the EKC

hypothesis.

In recent years, many studies have tested the inverted-U hypothesis for a plurality

of variables. Air pollution, clean water, municipal waste, carbon emission and

sanitation are some examples. In some case, additional explanatory variable have

been considered in order to provide a more rigorous empirical test. Torras and

Boyce (1998), for example, introduced measures of power (in)equity, social factors

and democracy, Suri and Chapman (1998) considered international trade, global-

ization and environmental load displacement. Kaufmann et al. (1998) investigate the

spatial intensity of economic activity and Agras and Chapman (1999) emphasize the

role of energy process.

To sum up, a joint view of the literature shows a strong variability of results. The

overall conclusion of these studies on the EKC hypothesis is that environmental

problems that improve with economic growth are those that have local impacts

(urban sanitation, urban air quality, access to clean water) and abatement costs that

are not expensive in terms of money and changes in lifestyle (urban sanitation,

urban air quality, SOx, NOx). In this case the inverted U-shaped relationship

Fig. 1 The Environmental Kuznets curve
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between income per capita and pollution suggests that economic growth can

improve environmental quality (Beckerman 1992). On the contrary, some indicators

show worsening as income rise (carbon dioxide emissions). Moreover, in some

cases, the environmental stress begins to worsen at higher income, showing a

N-shaped relationship (Grossman and Krueger 1991, 1995; Shafik and Bandyo-

padhyay 1992; Grossman and Krueger 1995). In this case the negative relationship

of the curve is a transitory phenomenon, because the inverted-U part is followed by

a phase where environmental degradation increases once again. Within this context

of debate, this paper tests the inverted-U and N-shaped hypothesis for the EU27.

Data

In order to consider the double function of natural capital, that is a provider of

materials and an absorber of emissions, this paper analyses the dematerialization

and the de-pollution hypothesis for EU27.

To test the dematerialization hypothesis a ‘‘material EKC’’ is performed by using

Material Flows Accounting (MFA) data from 2000 to 2007. The MFA is an official statistic

of Europe that allows for the physical quantification of the relations between the economy

and the natural environment. It considers economy as a subsystem inserted in the

environment depending on continuous throughput of material and energy (EUROSTAT

2001). Based on mass balance principle and thermodynamic laws it is centred on the notion

of entropy and offers a unifying conceptual framework to integrate a description of the

human economy and its biophysical surrounding (Martinez-Alier 2004).

To analyse the biophysical dimension of EU27, this paper considers one of the

most important MFA indicators: the Domestic Material Consumption (DMC). DMC

is an input indicator, which takes into account the total amount of materials directly

used by an economy. It is calculated as the quantity of materials extracted from the

national territory plus the physical imports minus the physical exports (EUROSTAT

2001). Quantifying the physical dimension of economy it provides important

information about dematerialization and sustainability.

To test de-pollution, carbon dioxide (CO2) emissions data from 1996 to 2008 and

nitrogen (NOx) emissions data from 1996 to 2009 have been considered. Generated

during the combustion of fossil fuels they are some of the most important pollutants

emitted in production and consumption activities. Nitrogen emission is a local

pollutant that contribute to local air pollution and smog, acid rain, dry deposition

and global climate change (Stern 2004). Carbon Dioxide is one of the most

important pollutants on global scale. It contributes to global warming with

potentially irreversible negative impacts on economy, society and environment

(IPCC 2001). All the data used in this paper has been provided by EUROSTAT.

Statistical Model

The standard statistical model used to test the relationships between pollution and

income is (Dinda 2004):
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yit ¼ b0 þ b1xi;t þ b2x2
i;t þ b3x3

i;t þ ei;t ð1Þ

where y is environmental degradation, x is the GDP, e is the error term and b1, b2, b3

are parameters to be estimated for the country i at year t. They express the elasticity

of environmental degradation with respect to gross domestic product. In this paper,

i refers to EU27 and t vary from 1996 to 2008 for CO2 emissions, from 1996 to 2009

for NOx missions and from 2000 to 2007 for DMC.

The possible relationships provided by the statistical model (1) are reported as

follows.

1. b1 = b2 = b3 = 0; No relationship between income and environmental

indicators.

2. b1 [ 0 and b2 = b3 = 0; Linear relationship, upward sloping. Increasing level

of income generate increasing environmental degradation.

3. b1 \ 0 and b2 = b3 = 0; Linear relationship, downward sloping. In this case,

increasing levels of income improve environmental quality.

4. b1 [ 0, b2 \ 0, b3 = 0; Quadratic relationship, inverted U-shape curve (EKC).

It expresses an inverse relationship between income and environmental

degradation when a certain level of development has been reached.

5. b1 \ 0, b2 [ 0, b3 = 0; Quadratic relationship, U-shaped curve. It expresses a

positive correlation between income and environmental degradation when a

certain level of development has been reach.

6. b1 [ 0, b2 \ 0, b3 [ 0; Cubic relationship, N-shaped curve. Environment

pollution increases as a country develops and decreases once the threshold GDP

is reached, and then begins increasing as national income continues to increase.

7. b1 \ 0, b2 [ 0, b3 \ 0; Cubic relationship, inverted N-shaped curve. A

negative relationship between income and environmental degradation is only a

transitory phenomenon because the U phase of the curve is followed by a phase

where environmental degradation decrease.

In order to test the dematerialization and the de-pollution hypothesis for the

EU27, in this paper the EKC hypothesis in the inverted-U (quadratic: b1 [ 0,

b2 \ 0, b3 = 0) and the N-shaped (cubic polynomial: b1 [ 0, b2 \ 0, b3 [ 0)

curves is tested.

Results of the Statistical Model

Table 1 reports the results of the cubic and quadratic correlations estimated for the

EU27 data. As shows in Table 1, the R-squared values for the second and the third

order polynomial functions suggest that correlations have reasonably good

explanation power.

The quadratic relationships between income and environmental degradation,

expressed in terms of material consumption and pollutant emissions, shows that the

Domestic Material Consumption (DMC) and the NOx emissions performed an

inverted U-shaped relationship (b1 [ 0, b2 \ 0). According to data reported in

Figs. 2 and 3, DMC and NOx emissions are increasing in GDP. However, according
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to the Environmental Kuznets Curve hypothesis, for the higher GDP levels the

quantity of domestic material consumption and the quantity of nitrogen emissions

start to decrease.

On the contrary, according to data reported in Table 1 and in Fig. 4, the positive

value that b1 and b2 (b1 [ 0, b2 [ 0) performed in the quadratic relationship

between carbon dioxide emissions and GDP summarize an increasing trend CO2 in

the GDP increases. This means that increasing GDP levels not generate a carbon

dioxide reduction but, on the contrary, a carbon dioxide emissions increase.

The cubic relationships reported in Table 1, highlight that an N-shaped curve has

been performed by domestic material consumption and carbon dioxide emissions.

The positive values reported by b1 and b3 (b1 [ 0, b3 [ 0) and the negative value

reported by b2 (b2 \ 0) summarize that DMC and CO2 emissions increases for

increasing levels of GDP, decreases once the threshold GDP is reached and then

increase again for higher GDP levels. Figures 5 and 6 report the cubic relationships

between domestic material consumption, carbon dioxide emissions and gross

domestic product.

Contrary to DMC and CO2 emissions, the NOx emissions continue to perform a

decreasing trend also for the higher levels of GDP (b1 [ 0, b2 \ 0, b3 \ 0).

Table 1 Quadratic and cubic correlations

Quadratic correlation Cubic correlation

DMC y = -7 9 10-8x2 ? 0.6446x

? 75,513

R2 = 0.8555

y = 2 9 10-13x3 - 6*10-7x2 ? 1.005x ? 46,069

R2 = 0.8652

NOx y = -4 9 10-7x2 ? 1.6352x

? 49,604

R2 = 0.831

y = -7 9 10-14x3 - 2*10-7x2 ? 1.4808x

? 61,992

R2 = 0.8317

CO2 y = 5 9 10-9x2 ? 0.2533x ? 34,932

R2 = 0.8436

y = 8 9 10-14x3 - 3*10-7x2 ? 0.4489x ? 19,540

R2 = 0.8553
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Fig. 2 DMC—quadratic relationship
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According to data reported in Table 1 and in Fig. 7, the inverted U-shape

relationship between NOx and GDP become even more marked for increasing GDP

values.

The main findings of this paper results to be consistent with data previously

reported in other studies (Arrow et al. 1995; Cole et al. 1997): the EKC is generally

performed only for local pollutants (such as NOx) that can be reduced by using short

term politics, but not for material consumption or for pollutants involving high

reduction costs and long-term politics (such as CO2). Based on this evidence, the

dematerialization and the de-pollution hypothesis don’t seem then to be respected

for EU27. On the contrary, the increasing GDP levels generated both an increasing

level of carbon dioxide emissions and an increasing level of domestic material

consumption that performed a decreasing trend just for the medium income level.

For the EU27 a sustainable growth path, defined in terms of dematerialization and

de-pollution hypothesis, wasn’t then been performed.
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Fig. 3 NOx emissions—quadratic relationship
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Fig. 4 CO2 emissions—quadratic relationship
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Fig. 5 DMC—cubic relationship
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Fig. 6 CO2 emissions—cubic relationship
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Fig. 7 NOx emissions—cubic relationship
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Conclusion

This paper investigated the possibility of a sustainable economic growth for a EU27.

Air pollutant emissions and material input data has been related to GDP in order to

bring analytical value to the discussion on de-pollution and dematerialization.

Contrary to EKC hypothesis, the results obtained show that economic growth

increased the carbon dioxide emissions and generated an increasing domestic

material consumption. Only local pollutant emissions (NOx) have been reduced.

The increasing trend performed by material consumption and long term emissions in

the GDP increases is generally known as the ‘‘rebound effect’’ or ‘‘Jevons paradox’’

and refers to increases in emissions and material demand that are caused by

technological progress and economic growth. If income increases and technological

efficiency improves, material requirement would raise as well. That is because

increasing levels of income and increasing technological efficiency lower the

relative cost of consumption, generating both a raise in material demand and a raise

in emissions. Within this context, technological progress can then improve

sustainability only when associated to reductions in the aggregate consumptions.

For this reason, an increasing number of policies are even more oriented to promote

a sustainable economic growth path both in term of sustainable production and in

terms of sustainable consumption, basically defined as a quantitative reduction of

the overall consumption.

References

Aghion P, Howitt P (1998a) Market structure and the growth process. Rev Econ Dyn 1(1):276–305

Aghion P, Howitt P (1998b) Endogenous growth theory. The MIT Press, Cambridge

Agras J, Chapman D (1999) A dynamic approach to the Environmental Kuznets curve hypothesis. Ecol

Econ 28(2):267–277

Arrow K, Bolin B, Costanza R, Dasgupta P, Folke C, Holling CS, Jansson BO, Levin S, Maler KG,

Perrings C, Pimentel D (1995) Economic growth, carrying capacity and the environment. Science

268:520–521. Reprinted in Ecol Econ 15:91–95

Beckerman W (1992) Economic growth and the environment: whose growth? Whose environment?

World Dev 20:481–496

Canas A, Ferrao P, Conceicao P (2003) A new Environmental Kuznets curve? Relationship between

direct material input and income per capita: evidence from industrialised countries. Ecol Econ

46:217–229

Cleveland CJ, Ruth M (1999) Indicators of dematerialization and the materials intensity of use. J Ind Ecol

2(3):15–50

Factor 10 Club (1995) Carnourles declaration. Wuppertal Institute, Wuppertal, Cited in Reijnders (1998)

Cole MA (2003) Development, trade and the environment: how robust is the Environmental Kuznets

curve? Environ Dev Econ 8:557–580

Cole MA, Rayner AJ, Bates JM (1997) The Environmental Kuznets curve: an empirical analysis. Environ

Dev Econ 2:401–416

Coperland BR, Taylor MS (2004) Trade, growth and the environment. J Econ Lit 42:7–71

Daly HE (1977) Steady-state economics. W.H. Freeman and Co, San Francisco

Dasgupta S, Laplante B, Wang H, Wheeler D (2002) Confronting the Environmental Kuznets curve.

J Econ Perspect 16(1):147–168

Dinda S (2004) Environmental Kuznets curve hypothesis: a survey. Ecol Econ 49(4):431–455

Dinda S (2005) A theoretical basis for the Environmental Kuznets curve. Ecol Econ 53:403–413

194 V. Andreoni

123



EUROSTAT (2001) Economy-wide material flow accounts and derived indicators. A methodological

guide. Office for official publications of the European Communities, Luxembourg

Fisher-Kowalski M, Amann C (2001) Beyond IPAT and Kuznets curve: globalization as a vital factor in

analysing the environmental impact of socio-economic metabolism. Popul Environ 23(1):7–47

Georgescu-Roegen N (ed) (1971) The entropy law and the economic process. Harvard University Press,

Cambridge

Georgescu-Roegen N (1977) Matter matters to. In: Wilson KD (ed) Prospects for growth: changing

expectations for the future. Praeger, New York, pp 293–313

Grossman GM, Krueger AB (1991) Environmental impacts of a North American free trade agreement.

NBER Working Papers 3914, National Bureau of Economic Research, Inc.

Grossman GM, Krueger AB (1995) Economic growth and the environment. Quart J Econ 110:353–377

IBRD (1992) World Development Report 1992. Development and the environment. Oxford University

Press, New York

IPCC (2001) Intergovernmental panel on climate change working group III: Mitigation, section 9.4.2.1

Kaufmann RK, Davidsdottir B, Garnham S, Pauly P (1998) The determinants of atmospheric SO2

concentrations: reconsidering the Environmental Kuznets curve. Ecol Econ 25:209–220

Kuznets S (1955) Economic growth and income inequality. Am Econ Rev 45:1–28

Malenbaum W (ed) (1978) World demand for raw materials in 1985 and 2000. MacGraw-Hill, New York

Martinez-Alier J (2004) Metabolic profiles of countries and ecological distribution conflicts. United

Nations University, Tokyo, 25 Nov, and IEG, University of Delhi

Meadows DH, Meadows DL, Randers J, Behrens W (1972) The limits to growth. Universe Books, New

York

Munasinghe M (1999) Is environmental degradation an inevitable consequence of economic growth:

tunnelling through the Environmental Kuznets curve. Ecol Econ 29(1):89–109

Panayotou T (1993) Empirical tests and policy analysis of environmental degradation at different stages

of economic development. Working Paper WP238, Technology and Employment Programme,

International Labour Office, Geneva

Pasche M (2002) Technical progress, structural change, and the Environmental Kuznets curve. Ecol Econ

42(3):381–389

Rothman KS (1998) Environmental Kuznets curve—real progress or passing the buck? A case for

consumption-based approaches. Ecol Econ 25(2):177–194 (Special issue)

Selden TM, Song D (1994) Environmental quality and development: is there a Kuznets curve for air

pollution emissions? J Environ Econ Manage 29(2):162–168

Shafik N (1994) Economic development and environmental quality: an econometric analysis. Oxf Econ

Pap 46:757–773

Shafik N, Bandyopadhyay S (1992) Economic growth and environmental quality: time series and

crosscountry evidence, background paper for the World Development Report, 1992. The World

Bank, Washington, DC

Solow RM (1974a) The economics of resources or the resources of economics. Am Econ Rev 64:1–14

Solow RM (1974b) Intergenerational equity and exhaustible resources. Rev Econ Stud 67:29–45

Stern ID (2004) The rise and fall of the Environmental Kuznets curve. World Dev 32(8):1419–1439

Suri V, Chapman D (1998) Economic growth, trade and energy: implication for the Environmental

Kuznets curve. Ecol Econ 25:195–208

Torras M, Boyce JK (1998) Income, inequality and pollution: a reassessment of the environmental

Kuznets curve. Ecol Econ 25:147–160

World Bank (1992) World development report. Oxford University Press, New York

World Commission on Environment and Development (1987) Our common future. Oxford University

Press, New York

Can Economic Growth be Sustainable? 195

123


	Can Economic Growth be Sustainable? The Case of EU27
	Abstract
	Introduction
	The Environmental Kuznets Curve: Previous Literature
	Data
	Statistical Model
	Results of the Statistical Model
	Conclusion
	References


