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A vast number of studies addressed the environmental degradation and economic development but not
ﬁnancial development. Moreover, as argued by Stern [2004. The rise and fall of the environmental
Kuznets curve. World Development 32, 1419–1439] they present important econometric weaknesses.
Using standard reduced-form modeling approach and controlling for country-speciﬁc unobserved
heterogeneity, we investigate the linkage between not only economic development and environmental
quality but also the ﬁnancial development. Panel data over period 1992–2004 is used. We ﬁnd that both
economic and ﬁnancial development are determinants of the environmental quality in BRIC economies.
We show that higher degree of economic and ﬁnancial development decreases the environmental
degradation. Our analysis suggests that ﬁnancial liberalization and openness are essential factors for the
CO2 reduction. The adoption of policies directed to ﬁnancial openness and liberalization to attract
higher levels of R&D-related foreign direct investment might reduce the environmental degradation in
countries under consideration. In addition, the robustness check trough the inclusion of US and Japan
does not alter our main ﬁndings.
& 2008 Elsevier Ltd. All rights reserved.
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1. Introduction
Key policy objective of international efforts to mitigate the
adverse effects of global climate change is the reduction of global
CO2 emissions. The success of these efforts depends to a large
degree on the commitment of the major CO2 production nations in
meeting global emissions targets. In 1990, the major producers of
energy-related1 CO2 emissions were US 23.00%, Japan 5.72% the
OECD group 24.00%, China 11.00%, India 3.00%, Brazil 0.94% and
Russian Federation 3.80%. By 2007, US and Japanese emissions
came down to 22.00% and 5.00% respectively, while it increased
for BRIC economies, China 16.00%, India 5.00%, Brazil 1.15% and
Russia 6.00% (World Bank, 2007). However, during the last years
these economies have experienced profound structural changes
that continue to inﬂuence the evolution of regional CO2 output,
with potentially adverse consequences for global mitigation
strategies. While there is evidence of declining energy consumption accompanying the development process, for many of these
countries it remains unclear what path economic output will
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follow or whether it is likely to translate into rising CO2 emissions
over the longer term.
In addition, during the last decade the environmental Kuznets
curve (EKC) hypothesis has gained increasing popularity in
academic and policy circles. Taking the EKC at face value is quite
attractive because of its long-run implications that economic
growth is good for the environment. Policy makers everywhere
are watching with much interest the pros and cons of the EKC
hypothesis since the debate have considerable importance for
national and international policies. The crucial policy question for
them as Barbier (1997) argue is ‘‘whether economic growth
should continue to be the main priority, with protection of the
environment a secondary consideration to be addressed mainly in
the future, or whether explicit policies to control environmental
degradation at the local, national and global level are urgently
required today’’.
World Bank has long maintained that economic growth is good
for both people and the environment. This type of ‘‘win-win’’
situation is based on the view that an immediate beneﬁt of
economic growth is a rise in per capita income, which can
contribute to alleviate poverty and to clean up the environment.
Others such as Beckerman (1992) advocated without reservation
economic growth as the most effective solution for curing
environmental ills.
On contrary Georgescu-Roegen (1971) and Daly (1977) argue
that more economic growth entails more production and
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consumption activities to satisfy human wants, thus causing more
waste, more pollution and more pressure on environmental
resources. Rothman (1998) asserted that consumption is the
principal driving force behind environmental impact and that
there is much to be learned by taking a consumption- rather than
production-based approach, as earlier studies have predominantly
done. Because it is trade that allows for a divergence of production
and consumption patterns within a region this leads to a
discussion of how to consider the role of trade in the context
of the EKC hypothesis. The author then proposes possibilities
for more appropriate measures of environmental impacts and
considers the results using one such measure. Kolstad and
Krautkraemer (1993) point out the fact that there is a dynamic
link between the environment, resource use and economic
activity. They argue that while resource use (especially energy
sources) yield immediate economic beneﬁts, its negative impact
on the environment may be observed in the long run.
Consequently, economic growth in excess of the carrying
capacity of the environment is counterproductive and detrimental
in the long run to human welfare. Not surprisingly, they have
advocated that excessive growth should be dismissed in favour or
a zero-growth or steady-state economy to prevent future
ecological disaster. While the majority of the studies are focused
on economic development and environmental degradation, we
consider the ﬁnancial development as another possible determinant of the environmental performance.
Nevertheless, why consider ﬁnancial development when
discussing the relationship between economic growth and
environment? The most prominent reason is that ﬁnancial
liberalization and development may attract FDI and higher
degrees of R&D investments which in turn can speed up economic
growth (Frankel and Romer, 1999), and hence affects the dynamic
of the environmental performance. The second reason is that
ﬁnancial development provides developing countries with the
motive and opportunity to use new technology, help them with
clean and environment-friendly production, and consequently
improve global environment at large and enhance regional
development sustainability (Birdsall and Wheeler, 1993; Frankel
and Rose, 2002). The third reason, contrary to the second one, is
that though ﬁnancial development may enhance economic
growth, it may result in more industrial pollution and environmental degradation (Jensen, 1996; World Bank, 2000).2 Moreover,
Stern (2004) presents a critical history of the EKC. According to
him the arguments of EKC do not stand ﬁrm on strong
econometric footing. He pointed out that the major weaknesses
associated with the econometric estimations namely, heteroskedasticity, omitted variables bias and critical issues relating to cointegration analysis.
Given these reasons and concerns in the literature, our
research tries to fulﬁll the econometric weakness raised by Stern
(2004) while extends the discussion about the importance of
ﬁnancial development in environmental degradation. We limit
our focus to BRIC countries, controlling for robustness of results
including USA and Japan, as the debate on the pace and level of
economic and ﬁnancial development is mostly pertinent in the
context of developing economies. Yet, Goldman Sachs (2003)
argues that BRIC economies could become a much larger force in
the world economy than G6 in less than 40 years. By 2025 they
could account for over half the size of the G6. We use CO2
emissions as the environmental pollution measure for several
reasons. CO2 emissions, once thought to be a harmless by-product
2
Moreover, since environmental control increases manufacturing cost,
pollutant industries and enterprises may be transferred to underdeveloped areas
where environmental standards are relatively low, and turn these areas into
‘‘pollution havens’’.
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of combustion, are now believed to be the primary greenhouse gas
responsible for the problem of global warming (IPCC, 2007).
Regulating and monitoring anthropogenic emissions of CO2 from
various economic activities has become a central issue in the
ongoing negotiation for an international treaty on global warming
(Cline, 1992; Revkin, 2000). Moreover, the scope of its spatial
impact makes CO2 pollution more suitable for country-level
aggregate study. Also, we believe that our regression model
includes a much larger set of relevant explanatory variables for
cross-country CO2 variation than most other existing studies in
the EKC literature. Additionally, the policy recommendations
highlighted in this paper are based on the fact that ﬁrms in
developing countries do not have incentives to invest in pollutioncontrol mechanism because of the weak institutional structure.
Therefore, higher economic and ﬁnancial reforms in future are
necessary to strengthen institutional structure which can provide
adequate incentives for controlling pollution.
The rest of the paper is organized as follows. Section 2
discusses the importance of economic and ﬁnancial development
for environmental quality. Section 3 presents the empirical design
and results. Section 4 concludes.

2. The role of economic and ﬁnancial development for
environmental performance
The main issue of particular interest of this paper is the impact
of economic and ﬁnancial development on the pollution performance relationship. The relationship between the economic
development and CO2 emissions, the most important greenhouse
gas implicated in global warming, is widely studied in the
literature. As argued by Meadows et al. (1992), far from being a
threat to the environment in the long term, economic growth
appears to be necessary to maintain or improve the environmental quality.
At the same time, there is a growing concern about the adverse
environmental impacts of economic growth (Grove, 1992). This
concern has led to a rich stream of research on the notion of
environmentally sustainable economic development that explores
the tradeoff between economic growth and environmental quality
(Anderson, 1992). The dominant view is that the conventional
tradeoff between economic growth and environmental quality is
not inevitable. In fact, it is possible to mitigate greatly or to even
reverse tradeoff through appropriate policy interventions (Antle
and Heidebrink, 1995; Grossman and Krueger, 1995; Selden and
Song, 1994; Shaﬁk, 1994). This issue is particularly signiﬁcant for
developing countries who, under pressure to achieve accelerated
economic growth face the danger of adopting economic policies
that run contrary to the objective of their long-term environmental sustainability (Serageldin and Steer, 1994).
The empirical ﬁndings for the net impacts of economic
development upon environmental quality seem to depend upon
characteristics of different pollutants (Shaﬁk and Bandyopadhyay,
1992; Hettige et al., 1992; Birdsall and Wheeler, 1993; Diwan and
Shaﬁk, 1992). For example, some air pollutants such as suspended
particulate matter, sulfur dioxides, carbon monoxide and oxides of
nitrogen, which have relatively signiﬁcant health and environmental degradation effects, appear in an inverted U-shaped
relationship with economic development. Selden and Song
(1994) have looked at various air pollutants like SO2, NOx and
CO and ﬁnd similar results related to EKC. However, the inﬂection
points were substantially different across studies. In this framework, Holtz-Eakin and Selden (1995) have found that CO2
emissions did not show the same EKC pattern. Instead,
Shaﬁk and Bandyopadhyay (1992) show that the CO2 emissions
have been found to increase monotonically with per capita GDP.
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While in this article we strictly explore the existence of EKC, it is
worth noting, however, that Goldemberg (1998) argues that
environmentally disastrous events may be prevented by leapfrogging the steps followed in the past by industrialized countries
incorporating modern and efﬁcient technologies early in the
development process.3 Yet, the main ﬁnding of Panayotou (1997)
is that the quality of policies and institutions in a country can
signiﬁcantly reduce environmental degradation at low-income
levels and speed up improvements at higher-income levels.
Policies such as more secure property rights under a rule of law
and better enforcement of contracts and effective environmental
regulations can help ﬂatten the EKC and reduce the environmental
cost of higher economic growth.
Financial development may play a deterministic role in the
environmental performance. Greater ﬁnancial sector development
can facilitate more ﬁnancing at lower costs, including for
investment in environmental projects. The ability to raise such
ﬁnancing may be especially important for governments—at the
local, state and national levels, since much of environmental
protection will be a public sector activity. It, however, also applied
to the investment of private ﬁrms in required environmentprotecting activities. Furthermore, it has been found that better
governed ﬁrms are more willing to consider environmental
considerations. As such, through improved governance, ﬁnancial
sector development can spur greater environmental performance
(Claessens and Feijen, 2007). The development of the trading in
global pollution rights, for example, has in part been facilitated by
greater ﬁnancial sector development. For instance, Kumbaroglu
et al. (2008) argue that emission reductions signiﬁcantly affect
economic and ﬁnancial systems while induce to technological
changes in the energy supply mix. The authors ﬁnd that economic
costs are due to major changes in the technological structure of
the energy system. They highlight that the results indicate new
technological investments, ﬁnancial assistance and targeted
policies are inevitable for a sustainable evolution of the energy
sector. Also, as it was pointed out by Tadesse (2005) ﬁnancial
development induces technological innovations—a major stimulus of productivity—through facilitating capital mobilization and
risk sharing. Dasgupta et al. (2001) argues that the environmental
regulators in developing countries may explicitly harness ﬁnancial
market forces by introducing structured programs of information
release on ﬁrms’ environmental performance. This indicates that
well-developed ﬁnancial system may provide enough incentive
for ﬁrms to lower their CO2 emission.
In this framework, a vast number of studies evidence that
capital markets rewards ﬁrm with superior environmental
performance trough a higher valuation of ﬁrms’ share. As it is
pointed out in Lanoie et al. (1998) the regulators have recently
embarked on a deliberate strategy to release information to
markets and communities regarding ﬁrms’ environmental performance in order to enhance incentives for pollution control.
Moreover, they ﬁnd that capital markets react to the release of
information, and that large polluters are affected more signiﬁcantly from such release than smaller polluters. The same results
have been found in Dasgupta et al. (2001), who have shown that
capital markets in Argentina, Chile, Mexico and the Philippines do
react negatively by decreasing the ﬁrms’ capitalization to citizens’
complaints targeted at speciﬁc ﬁrms, and positively to the
announcement of rewards and recognition of superior environmental performance. Recently, Dasgupta et al. (2004) examine the
reaction of investors to the publication of the lists of companies
that fail to comply with national environmental laws and
regulations in Republic of Korea. They ﬁnd that enterprises

3

An interesting reading for Brazilian case is Machado and Schaeffer (2006).

appearing on these lists have experienced a signiﬁcant decline
in their market valuation.
Given all these evidences, therefore, ﬁnancial sector development is likely matter for environmental performance. However,
there is still limited empirical evidence on the channels of
ﬁnancial development and environmental performance.

3. Empirical study
The main objective of this paper is to examine whether the
economic and ﬁnancial development along with energy consumption tend to increase the environmental damage or not. To
test if the degree of economic and ﬁnancial development has a
systematic relationship with the level of CO2 emissions in a
country, we use panel data and adopt the standard approach used
in the existing EKC literature. As argued in Persson et al. (2006),
the economic cost of stabilizing the atmospheric concentration of
CO2 will be lower if developing countries adopt policy measures in
the ﬁrst stage of development. Taking their argument, we focused
on BRIC countries since they are in their ﬁrst stage of economic
and ﬁnancial development. The paper covers the period from 1992
to 2004. To our knowledge, the current analysis is the ﬁrst of this
nature performed within BRIC countries.
Similarly to Talukdar and Meisner (2001), we adopted the
standard reduced-form modeling approach form. Yet, according to
Hsiao (1986) and in order to address with possible countryspeciﬁc unobserved heterogeneity we use random-effect speciﬁcation for our empirical model as follows:
CO2it ¼ a þ b1 ðGDPit Þ þ b2 ðISit Þ þ b3 ðR&Dit Þ þ b4 ðSMVAit Þ
þ b7 logðFDIit Þ þ b8 ðDBAit Þ þ b9 ðCAC it Þ þ b10 ðFLit Þ
þ b11 ðFOit Þ þ b12 ðEIit Þ þ b13 ðOC it Þ þ b14 ðEC it Þ þ ni þ it

(1)

where CO2 indicates CO2 emission per capita in country i at time t;
DGDPit the GDP per capita growth rate in country i at time t; ISit
the industry share as percentage of GDP in country i at time t;
R&Dit the gross domestic expenditure in research and development as percentage of GDP in country i at time t. Theses set of
variables are conforming the economic development. Moreover,
SMVAit indicates stock market value added computed as total
shares traded on the stock market exchange to GDP in country i at
time t; FDIit the degree of foreign direct investment in country i at
time t; DBAit the ratio of deposit money bank assets to GDP in
country i at time t; CACit the capital account convertibility
in country i at time t; FLit the ﬁnancial liberalization dummy in
country i at time t; Foit the ﬁnancial openness in country i at time
t. This subset of variables deﬁnes ﬁnancial development, while EIit
deﬁnes the energy imports in country i at time t; OCit the oil
consumption in country i at time t; ECit the energy consumption in
country at time t are the control variables. ni and eit indicate the
country-speciﬁc random effect and random error term, respectively. The detailed explanation and sources of the variables is in
Annex 1.
Analogically, we test whether U-shaped effect may be
conﬁrmed for BRIC economies or not. The speciﬁcation for the
latter purpose is as follows:
CO2it ¼ a þ b1 ðGDPit Þ þ b2 ðGDP it Þ2 þ b3 ðISit Þ
þ b4 ðR&Dit Þ þ b5 ðSMVAit Þ þ b6 logðFDIit Þ
þ b7 ðDBAit Þ þ b8 ðCAC it Þ þ b9 ðFLit Þ þ b10 ðFOit Þ
þ b11 ðEIit Þ þ b12 ðOC it Þ þ b13 ðEC it Þ þ ni þ it

(2)

where the deﬁnitions of the variables are the same as that for the
ﬁrst equation. We added GDP per capita growth rate squared
values in country i at time t, (GDPit)2, to conﬁrm whether the
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U-shaped relationship between CO2 and economic growth exists
or not.
Also, one of the referees suggested that the control variables,
i.e., energy and oil consumption used in our study may explain
most of the CO2 emissions, and the other variables could be threat
as a noise. To address this issue and similarly to the Eqs. (1) and
(2), we performed regressions excluding the control variables.
Then, our speciﬁcation is as follows:
CO2it ¼ a þ b1 ðGDP it Þ þ b2 ðISit Þ þ b3 ðR&Dit Þ
þ b4 ðSMVAit Þ þ b5 logðFDIit Þ þ b6 ðDBAit Þ
þ b7 ðCAC it Þ þ b8 ðFLit Þ þ b9 ðFOit Þ þ ni þ it

(3)

and
CO2it ¼ a þ b1 ðGDP it Þ þ b2 ðGDPit Þ2 þ b3 ðISit Þ
þ b4 ðR&Dit Þ þ b5 ðSMVAit Þ þ b6 logðFDIit Þ
þ b7 ðDBAit Þ þ b8 ðCAC it Þ þ b9 ðFLit Þ þ b10 ðFOit Þ
þ ni þ it

(4)

where the deﬁnitions of the variables remain the same.
Hence, the rationale of our selected variables is discussed
below.
(a) Economic development: In the framework of economic
development, Azomahou et al. (2006) ﬁnd evidence that supports
a stable relationship between CO2 emissions per capita and GDP
per capita over time. Sun (2006) argues that GDP rates must be
used in CO2 emission forecasting. However, not only GDP rate
deﬁnes the economic development. The industry share is also a
key source of production and industrial activities. Rapid industrialization, transportation networks and other infrastructure
requirements needs sustained energy sources. The importance of
change in economic structure and, therefore, the industry
importance as determinant of environmental degradation is well
documented in Grossman and Krueger (1995), Westbrook (1995),
Suri and Chapman (1998), Panayotou 1998 and Talukdar and
Meisner (2001). In addition, Grossman and Krueger (1995), Selden
and Song (1994), Holtz-Eakin and Sleden (1995) and Panayotou
(1998) argue that the population growth rate is a key indicator in
determining environmental degradation. The size of population
coupled with rise in GDP growth and higher per capita income
leads to an increase in demand and, therefore, in an increase in
energy consumption. Hamilton and Turton (2002) argue that per
capita income and population growth are the main two factors
increasing carbon emissions in OECD countries.
(b) Financial development: Several studies highlighted the
importance of capital markets as a main pillar of ﬁnancial
development. Hamilton (1995), Klassen and McLaughlin (1996)
and Lanoie et al. (1998) found evidence that capital markets
reward ﬁrms with higher environmental performance through a
higher valuation of ﬁrms’ equities. This argument suggests that
the more-developed ﬁnancial capital markets are likely to enjoy a
better environmental quality than that of a country with lessdeveloped capital markets (Dasgupta et al., 2001). Consequently,
we used stock market value added as an indicator of capital
markets across countries under consideration. At the same time,
the literature has recognized the importance of FDI impact in the
environmental performance (Rock, 1996; Chua, 1999). However,
the impact of FDI on environmental degradation is controversial.
Eskeland and Harrison (2003) use a panel data set on US
outbound direct investment to four countries and ﬁnd little
support for the pollution haven hypothesis. Also, they ﬁnd foreign
plants are signiﬁcantly more energy efﬁcient and use cleaner
types of energy than the domestic-owned plants. Wang and
Yanhong (2007) ﬁnd similar results in a study examining ﬁrm
level pollution discharge in more than 1000 ﬁrms in China. Liang
(2006) found a negative correlation between FDI and air pollution,
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suggesting that the overall effect of FDI may be beneﬁcial to the
environment. This ﬁnding supports the argument that FDI in
developing countries are more likely to act as conditional factor
for advanced, and cleaner, environmental technologies. On
contrary, Xing and Kolstad (2002) report a positive association
between the amount of sulfur emissions in a host country and
inﬂows of US FDI in heavily polluting industries.
Similarly to Creane et al. (2007), we used deposit money bank
assets to GDP as determinant of ﬁnancial development. Yet, one of
the banking system development indicators is the capital account
liberalization process which usually increases the efﬁciency level
of the ﬁnancial system by weeding out inefﬁcient ﬁnancial
institutions and creating greater pressure for a reform of the
ﬁnancial infrastructure (Stiglitz, 2000; Claessens et al., 2001).
Klein and Olivei (2001) ﬁnd that capital account liberalization is
statistically signiﬁcant for ﬁnancial development and economic
growth in a cross-section study over 1986–1995. They argue that
the countries with open capital accounts had signiﬁcantly a
greater increase in ﬁnancial development in contrast with
countries presenting account restrictions. Moreover, Frankel and
Rose (2005) ﬁnd that openness is at least as likely to help the
environment, for a given level of income, as to hurt it. Therefore,
such an improvement in ﬁnancial infrastructure, based on the
openness of capital account, may contribute to the efﬁcient
technological use and, therefore affect not only the ﬁnancial
development itself but the environmental degradation as well.
(c) Energy control variables: Finally, we decompose net energy
imports variable to assess the individual effects of energy imports
and exports on energy consumption. This is because the role of
energy imports has a double edge impact on energy consumption
(Shaﬁk and Bandyopadhyay, 1992; Suri and Chapman, 1998).
Increase in energy imports lead to decline in energy consumption
if those goods are used to replace the manufactured goods which
are produced domestically which consume high energy levels.
Thus, imported manufacturing goods replacing domestic production would reduce the energy consumption. On contrary if the
energy imports are utilized in capital intensive goods production
it leads to increase in energy consumption adding to the existing
production levels. Therefore, the net effect of increase in energy
imports can be either positive or negative. We also include total
energy exports as developing countries are largely engaged in
energy production and are used for the purpose of exports
resulting in increase in energy consumption.

3.1. Empirical results
The empirical results and estimates for equation on per capita
CO2 emission for BRIC countries are presented in this subsection.
First, we discuss the results for per capita CO2 emission vs.
economic and ﬁnancial development along with energy consumption control variables in the model 1 (see Table 1). Then we
discuss the EKC or curvilinear relationship between economic
growth and CO2 emission in BRIC countries (see Table 1; model 2).
The results in the Table 1 (see model 3) deals with economic and
ﬁnancial development and energy control variables and per capita
CO2 emissions for the panel of US, Japan and BRIC countries are
presented. Moreover, the results for curvilinear effect of economic
growth and CO2 per capita emission for USA, Japan and BRIC
countries is attached in Table 1 (see model 4).
The results for BRIC panel show that the economic development addressed by GDP growth rate, industry share and R&D
expenditure has signiﬁcant impact on per capita CO2 emissions.
The GDP growth rate has 1% signiﬁcant and positive effect on per
capita CO2 emissions. For every 1% increase in GDP growth rate
the per capita CO2 emissions are increasing by 0.01%. Similarly, we
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Table 1
Results of CO2 equation function
Variables

BRIC panel

US, Japan and BRIC panel

Model–1

Model–2

Model–3

Model–4

Constant

1.106 (1.42)

0.343 (1.05)

7.789 (0.34)

7.941 (0.33)

Economic development variables
Economic growth rate
Economic growth rate squared
Industry share in GDP
R&D expenditure

0.010 (0.00)
–
0.007 (0.00)
0.037 (0.08)

0.009 (0.00)
0.001 (0.00)
0.008 (0.00)
0.009 (0.04)

0.020 (0.00)
–
0.008 (0.00)
0.064 (0.03)

0.021 (0.00)
0.001 (0.00)
0.010 (0.00)
0.051 (0.02)

Financial development variables
Stock market value added
Log (FDI Stock)
Deposit money bank assets/GDP
Capital account convertibility
Financial liberalization
Financial openness

0.001 (0.06)
0.045 (0.01)
0.002 (0.00)
0.030 (0.01)
0.025 (0.06)
0.001 (0.00)

0.053 (0.02)
0.003 (0.00)
0.030 (0.07)
0.031 (0.01)
0.025 (0.03)
0.001 (0.00)

0.034 (0.02)
0.095 (0.01)
0.001 (0.00)
0.034 (0.01)
0.456 (0.10)
0.001 (0.00)

0.111 (0.01)
0.002 (0.00)
0.045 (0.03)
0.038 (0.011)
0.436 (0.09)
0.001 (0.00)

Control variables
Net energy imports
Log (Oil consumption)
Log (Energy consumption)

6.21E-07 (1.55E07)
0.216 (0.07)
0.180 (0.10)

5.50E-07 (1.10E07)
0.256 (0.08)
0.148 (0.07)

6.64E-07 (1.01E07)
0.703 (0.05)
0.281 (0.05)

6.49E-07 (9.35E08)
0.772 (0.05)
0.261 (0.05)

Adjust. R2
F-statistic
Prob (F-statistic)
Total no. observations

0.9786
2755.54
0.0000
52

0.9780
2516.03
0.0000
52

0.9820
11035.54
0.0000
78

0.9817
13765.14
0.0000
78

Dependent variable: log (per capita CO2 emissions).
White heteroskedasticity-consistent standard errors are reported in parenthesis.
 Signiﬁcant at 1% conﬁdence level.
 Signiﬁcant at 5% conﬁdence level.
 Signiﬁcant at 10% conﬁdence level.

ﬁnd that if the share of industry in GDP increased by 1% it leads to
0.70% increase in per capita CO2 emissions. We also ﬁnd that R&D
expenditure is associated with low per capita CO2 emissions,
suggesting that higher rates of R&D expenditure decrease the CO2
emissions. The interpretation and statistical signiﬁcance of these
results remains inalterable across both panels (see models 1 and
3, Table 1).
The relationship between ﬁnancial development and environmental quality is controversial. There are studies that show FDI
inﬂows lead to increase in environmental degradation (Cole and
Elliot, 2005; Feridun, 2006). Our results show that increase in FDI
inﬂows are associated with lower levels of per capita CO2
emissions. These ﬁndings are in line with List and Co (2000), He
(2002), Soysa and Neumayer (2004) and Liang and Guoyong
(2006), who show that increase in FDI leads to decline in CO2
emissions. Same is the case with ﬁnancial liberalization and
capital account convertibility. For every 1% increase in ﬁnancial
liberalization leads to 0.025% decline in per capita CO2 emissions.
Similarly, a 1% increase in capital account convertibility there is a
0.03% decline in per capita CO2 emissions. On the other hand, we
ﬁnd that ﬁnancial openness in BRIC economies may increase per
capita CO2 emissions. However, when we include US and Japan in
the regression, the effect of ﬁnancial openness becomes positive.
This ﬁnding is very important, because higher levels of ﬁnancial
liberalization in BRIC countries may attract FDI inﬂows which in
turn encourage R&D investments possibly leading to higher
technological energy-related efﬁciencies, and therefore lower
emissions. For instance, Machado and Schaeffer (2006) suggests
that to achieve a sustainable development one of the key factors
for Brazil is to compete successfully by being an attractive place
for investment while promote technological innovation and more
dynamic markets, to dematerialize its economy and to upgrade
exports. In this sense, Goldemberg (1998) argues that most

technological research and development occurs within the OECD
countries. The author sustain that the transfer of technology from
industrialized countries to developing countries is, therefore,
likely to be a necessary condition for mitigating climate change
and improve other environmental conditions. Yet, Blanford (2008)
shows that R&D expenditure increases the probability of technological advance. Given all of this, our results advocate that the
degree of ﬁnancial development is a key factor in decreasing
environmental degradation (see model 1 and 3, Table 1).
Regarding the energy consumption control variables, we ﬁnd
that higher levels in energy consumption increase per capita CO2
emissions. The net energy imports exert positive impact on per
capita CO2 emissions. This is due to higher energy-intensive
imports of Brazil, China and India. The energy imports of Brazil,
China and India surged during post 1990s. Though it is statistically
signiﬁcant at 1% conﬁdence level, the coefﬁcient value remains
very low. Similarly, we see that when oil consumption is increased
by 1%, it is leading to 0.21% increase in per capita CO2 emissions.
China and India drives more than 35% of oil consumption in the
world. In comparison to 1% growth rate in oil consumption of
industrialized countries, the growth rate of oil use in China
and India is around 7.5% and 5.5% per annum respectively4
(see model 1 and 3, Table 1).
The results for curvilinear effect between GDP growth rate and
per capita CO2 emissions show that after controlling for other
factors, the results conﬁrm the existence of curvilinear relationship. The curvilinear results show that as economic growth rate is
accelerated its negative impact on per capita CO2 emissions
decreases (see model 2 and 4, Table 1). These results support EKC
theory that pollution levels increase as the countries develop, but

4

For more information see: http://www.iags.org/futureofoil.html.
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Table 2
Environmental degradation equation function
Variables

BRIC panel

US, Japan and BRIC panel

Model–5

Model–6

Model–7

Model–8

Constant

0.876 (0.12)

0.854 (0.13)

1.110 (0.11)

1.085 (0.11)

Economic development variables
Economic growth rate
Economic growth rate squared
Industry share in GDP
R&D expenditure

0.001 (0.002)
–
0.005 (0.001)
0.11 (0.06)

0.002 (0.001)
0.001 (0.002)
0.005 (0.001)
0.10 (0.05)

0.030 (0.001)
–
0.004 (0.001)
0.068 (0.04)

0.003 (0.002)
0.0004 (0.001)
0.006 (0.001)
0.302 (0.08)

Financial development variables
Stock market value added
Log (FDI Stock)
Deposit money bank assets/GDP
Capital account convertibility
Financial liberalization
Financial openness

0.102 (0.05)
0.033 (0.01)
0.001 (0.00)
0.014 (0.005)
0.062 (0.02)
0.001 (0.001)

0.010 (0.05)
0.031 (0.01)
0.001 (0.00)
0.014 (0.004)
0.054 (0.03)
0.001 (0.001)

0.071 (0.02)
0.034 (0.01)
0.001 (0.00)
0.012 (0.005)
0.066 (0.02)
0.001 (0.00)

0.066 (0.01)
0.023 (0.01)
0.001 (0.00)
0.015 (0.005)
0.049 (0.03)
0.001 (0.00)

Adjust. R2
F-statistic
Prob (F-statistic)
Total no. observations

0.7261
5.33
0.0001
52

0.6629
5.02
0.0001
52

0.6294
9.30
0.0000
78

0.6595
10.29
0.0000
78

Dependent variable: per capita CO2 emissions.
White heteroskedasticity-consistent standard errors are reported in parenthesis.
 Signiﬁcant at 1% conﬁdence level.
 Signiﬁcant at 5% conﬁdence level.
 Signiﬁcant at 10% conﬁdence level.

begin to decrease as rising incomes pass beyond a threshold.
Our results are similar to obtained in Kraft and Kraft (1978)
and Grossman and Krueger (1992), who show an inverted-U
curve relationship between pollution levels and income. Thus, as
economies develop along with ﬁnancial liberalization and development the energy-related efﬁciencies are improved, and this in
turn reduces energy consumption levels and hence lower CO2
emissions (see models 2 and 4, Table 1). This suggests that there is
a need to further increase the degree of ﬁnancial and economic
development in BRIC countries to achieve lower environmental
degradation in terms of CO2 emissions.
Following the suggestion of one of the referees, we analyze the
nexus between growth-ﬁnance and environmental degradation
excluding the control variables since they may be overall
determinants of the previous empirical evidence. The results
from Table 2 suggest that excluding energy-related variables do
not alter the results signiﬁcantly. We observe the curvilinear effect
while the indicators related to economic and ﬁnancial development are statistically signiﬁcant.
More concretely, the estimates of economic developmentrelated variables are statistically signiﬁcant and have expected
signs which are in accordance with the results obtained in Table 1.
Specially, the results from model 5 and 6 (see Table 2) show that
R&D expenditure is important in BRIC countries to reduce the
environmental degradation. Yet, higher industry share leads to
higher CO2 emissions. Regarding ﬁnancial system development,
we observe that all related variables (see Table 2) are statistically
signiﬁcant and lead to lower the environmental degradation. Only
ﬁnancial openness in models 5–7 shows statistical insigniﬁcance,
which conﬁrms the relative importance of the control variables,
though the signs in the models 7 and 8 remain as expected. This
ﬁnancial openness variable becomes signiﬁcant at 5% conﬁdence
level when we interact BRIC countries with Japan and USA
(see model 8, Table 2). The estimates are statistically consistent
and efﬁcient. The adjusted R2 suffered a reduction but its range
goes from 62.94% (model 5) to 72.61% (model 8) which conﬁrms
the goodness of ﬁt of the statistical models. Again, the overall

results are similar to those obtained in Table 1. Consequently,
our interpretation of the ﬁnancial and economic development
as determinants for environmental disclosure still applies even
excluding the control variables.

4. Summary and conclusion
While most empirical studies have focused on the effects of
economic growth on environmental performance, this paper also
addressed the impact of ﬁnancial development on environmental
degradation. We examine BRIC economies to show whether or not
higher degrees of economic and ﬁnancial development lead to
higher CO2 per capita emissions. As a measure of robustness, we
introduce and examine behavior of results considering USA and
Japan. Energy and oil consumption as well as energy imports are
used as control indicators. Our analysis attempts to fulﬁll the
econometric criticism of the EKC theory highlighted by Stern
(2004).
We show that the economic development decreases the
environmental degradation with higher levels of economic
growth. This ﬁnding conﬁrms empirically the EKC existence for
the countries under consideration.
In addition, while the majority of the existing research is
focused on consequences of economic growth on environmental
degradation, we show that ﬁnancial development might play
a determinant role for environmental disclosure in developing
economies. Our ﬁndings show that ﬁnancial development is
associated with decline in CO2 per capita emissions. Particularly,
we ﬁnd that capital market and banking sector development
along with higher levels of FDI help to achieve lower CO2 per
capita emissions. In this sense, it is noteworthy that the
government can help the markets by establishing a strong policy
framework that creates long-term value for greenhouse gas
emissions reductions and consistently supports the development
of new technologies that lead to a less carbon-intensive economy.
Moreover, well-developed capital markets are very important;
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because ﬁrms can reduce the liquidity risk and can mobilize the
funds required which is extremely useful in developing technology in the long run.
Our overall results suggest some important policy recommendations. We believe that policies directed to ﬁnancial openness
and liberalization to attract higher levels of R&D-related foreign
direct investment can decrease the environmental degradation.
Our results supports the ﬁndings of Copeland and Taylor (2004)
who claims that it would be unwise for countries to use trade
protection as a means to improve their environment. This is
important because the higher degree of economic and ﬁnancial
openness strengthen the institutional framework creating incentives for the ﬁrms to act upon. Therefore, addressing these issues
might lead to higher energy efﬁciencies through technological
advances as suggested by Blanford (2008) and possibly reduce the
CO2 emissions in BRIC countries.
Finally, we recognize that the technological change, R&D
investment, environmental degradation and growth are not
simply related. While our results pretend to be only an empirical
evidence, it is worth noting that we were handicapped to capture
the effects of R&D because we did not have the aggregate private
sector; public sector and foreign ﬁrm level data on R&D spending
and their investments in development of technologies. Yet, it is
beyond the scope of this study to ﬁnd exact mechanism through
which ﬁnancial system development leading to technological
development through technological choice of the ﬁrms. Here, we
would like to highlight that in the last two decades there has
emerged a large macro-economic literature that builds on the
above concepts to produce models of overall economic growth
based on technological change (Romer, 1994; Grossman and
Helpman, 1994; Solow, 2000). Our argument with respect to
ﬁnancial development and environment degradation is that
higher degree of ﬁnancial system development and openness
prop up technological innovations by increasing spending on
energy conservation R&D which results in energy efﬁciency and
hence it may lower emissions.
We hope that other researchers will use our results and
methodology to get improved insights into the economic-ﬁnance
and environment nexus in other developing countries.
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Annex 1. : data description

Indicator
Environment degradation is per capita
CO2 emission in kilo tons tonnes oil
equivalent
Economic growth
Industrialization is the share of industrial
output in GDP per country
R&D expenditure1 is the gross domestic
expenditure on R&D as percentage of
GDP
Financial liberalization2
Stock market value traded is the total
value addition of stocks traded in
market divided by GDP

Source
WDI

WDI
WDI
OECD (2006)

Gupta and Yuan, 2008
Data are taken from the updated
version (as for August, 2007) of
Beck et al. (2000)

Financial openness is deﬁned as (foreign
assets+foreign liabilities)/GDP
Capital account convertibility index
FDI inﬂows stock
Deposit money bank assets is the ratio of
deposit money bank assets to GDP
Energy consumption is the energy
consumed in kilo tons tonnes oil
equivalent
Oil consumption is the oil consumption
in barrels oil equivalent per country
Net energy imports is the share of total
energy imports divided by GDP

WDI
Chinn and Ito (2008)
UNCTAD
Data are taken from the updated
version (as for August, 2007) of
Beck et al. (2000)
WDI

WDI
UN Stats

Note: 1The R&D data for Brasil are taken from Red Iberoamericana de Indicadores
de Ciencia y Tecnologı́a. Principales Indicadores y Tecnologı́a, 2005. For the period
1997–1999 we used interpolation method.
2
The data for China and Japan are taken from Bekaert, Harvey and Lundblad
(2005). Russian data were taken from EBRD Transition Report, 2005.
WDI: World Development Indicators, 2006; UN Stats: UN Statistical database,
2006; UNCTAD: United Nations Commission for Trade and Development, 2007.
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Claessens, S., Demirgüc-Kunt, A., Huizinga, H., 2001. How does foreign entry affect
domestic banking markets? Journal of Banking and Finance 25, 891–911.
Cline, W., 1992. The Economics of Global Warming. Institute for International
Economics, Washington, DC.
Cole, M.A., Elliot, R.J.R., 2005. FDI and the capital intensity of ‘‘dirty’’ sectors:
a missing piece of the pollution haven puzzle. Review of Development
Economics 9 (4), 530–548.
Copeland, B., Taylor, M.S., 2004. Trade, growth and the environment. Journal of
Economic Literature 42 (1), 7–71.
Creane, S., Goyal, R., Mushﬁq Mobarak, A., Randa, S., 2007. Measuring ﬁnancial
development in the Middle East and North Africa: a new database. IMF Staff
Paper 53 (3), 479–511.
Daly, H.E., 1977. Steady-State Economics. The Economics of Biophysical Equilibrium
and Moral Growth. W.H. Freemann and Company, San Francisco.
Dasgupta, S., Laplante, B., Mamingi, N., 2001. Pollution and capital markets in
developing countries. Journal of Environmental Economics and Management
42 (3), 310–335.
Dasgupta, S., Hong, J.H., Laplante, B., Mamingi, N., 2004. Disclosure of environmental violations and stock market in the Republic of Korea. Ecological
Economics 58 (4), 759–777.
Diwan, I., Shaﬁk, N., 1992. Investment, technology and the global environment:
towards international agreement in a world of disparities. In: Low, P. (Ed.),
International Trade and the Environment. World Bank, Washington, DC.
Eskeland, G., Harrison, A., 2003. Moving to greener pastures? Multinationals and
the pollution haven hypothesis. Journal of Development Economics 70, 1–23.
Feridun, M., 2006. Impact of trade liberalization on the environment in developing
countries: the case of Nigeria, MPRA Paper no. 731.

ARTICLE IN PRESS
A. Tamazian et al. / Energy Policy 37 (2009) 246–253

Frankel, J., Romer, D., 1999. Does trade cause growth? The American Economic
Review 89 (3), 379–399.
Frankel, J., Rose, A., 2002. An estimate of the effect of common currencies on trade
and income. Quarterly Journal of Economics 117 (2), 437–466.
Frankel, J., Rose, A., 2005. Is trade good or bad for the environment? Sorting out the
causality. The Review of Economics and Statistics 87 (1), 85–91.
Georgescu-Roegen, N., 1971. The Entropy Law and the Economic Process. Harvard
University Press, Cambridge, MA.
Goldemberg, J., 1998. Viewpoint: leapfrog energy technologies. Energy Policy 26
(10), 729–741.
Goldman Sachs, 2003. Dreaming with BRICs: the path to 2050. Global Economics
Paper no. 99.
Grossman, G., Helpman, E., 1994. Endogenous innovation in the theory of growth.
Journal of Economic Perspectives 8, 23–44.
Grossman, G., Krueger, A., 1992. Environmental impacts of a North American free
trade agreement. CEPR Discussion Paper no. 644.
Grossman, G., Krueger, A., 1995. Economic growth and the environment. Quarterly
Journal of Economics 110, 352–377.
Grove, R.H., 1992. Origins of western environmentalism. Scientiﬁc American 267,
42–47.
Gupta, N., Yuan, K., 2008. On growth effect of stock market liberalizations. Kelley
School of Business at Indiana University & Michigan University, Mimeo.
Hamilton, James T., 1995. Pollution as news: media and stock market reactions to
the toxic release inventory data. Journal of Environmental Economics and
Management 28, 98–113.
Hamilton, C., Turton, H., 2002. Determinants of emissions growth in OECD
countries. Energy Policy 30, 63–71.
He, J., 2002. The foreign direct investment and air pollution in China: the case of
SO2 concentration in Chinese cities. Better air quality in Asian and Paciﬁc Rim
cities conference, Hong Kong.
Hettige, H., Lucas, R.E.B., Wheeler, D., 1992. The toxic intensity of industrial
production: global patterns, trends, and trade policy? American Economics
Review 82, 478–481.
Holtz-Eakin, D., Selden, T.M., 1995. Stoking the ﬁres? CO2 emissions and economic
growth. Journal of Public Economics 57, 85–101.
Hsiao, C., 1986. Analysis of Panel Data. Cambridge University Press, Cambridge.
IPCC, 2007. Climate change 2007: physical science basis. Contribution of working
group 4th report of intergovernmental panel on climate change, Paris.
Jensen, V., 1996. The pollution haven hypothesis and the industrial ﬂight
hypothesis: some perspectives on theory and empirics. Working Paper
1996.5, Centre for Development and the Environment, University of Oslo.
Klassen, R., McLaughlin, C., 1996. The impact of environmental management on
ﬁrm performance. Management Science 42 (8), 1199–1214.
Klein, M., Olivei, G., 2001. Capital Account Liberalization, Financial Depth and
Economic Growth. Tufts, Medford, MA (Mimeo).
Kolstad, A., Krautkraemer, V., 1993. Natural resource use and the environment. In:
Kneese, A.V., Sweeny, J.L. (Eds.), Handbook of Natural Resource and Energy
Economics. Elsevier, Amsterdam.
Kraft, J., Kraft, A., 1978. On the relationship between energy and GNP. Journal of
Energy and Development 3, 401–403.
Kumbaroglu, G., Karali, N., Arıkan, Y., 2008. CO2, GDP and RET: an aggregate
economic equilibrium analysis for Turkey. Energy Policy 36, 2694–2708.
Lanoie, P., Laplante, B., Roy, M., 1998. Can capital markets create incentives for
pollution control? Ecological Economics 26 (1), 31–41.
Liang, G., 2006. International business and industry life cycle: theory, empirical
evidence and policy implications. Paper accepted for presentation at the
Annual Conference on Corporate Strategy, Berlin, 19–20 May.
List, J.A., Co, C.Y., 2000. The effect of environmental regulation on foreign direct
investment. Journal of Environmental Economics and Management 40, 1–40.
Machado, G., Schaeffer, R., 2006. Energy and economic development. In: Brazil: A
Country Proﬁle on Sustainable Energy Development. IAEA, Vienna (Austria),
pp. 107–144.

253

Meadows, D.H., Meadows, D.L., Randers, J., Behrens, W., 1992. The Limits to
Growth. Universe Books, New York.
OECD, 2006. OECD Science, Technology and R&D Statistics on CD-ROM. OECD,
Paris.
Panayotou, T., 1997. Demystifying the environmental Kuznets curve: turning a
black box into a policy tool. Environment and Development Economics 2,
465–484.
Panayotou, T., 1998. Instruments of Change. Motivating and Financing Sustainable
Development, London, United Nations Environment Programme (UNEP).
Earthscan Publications Ltd., London.
Persson, A., Azar, C., Lindgren, K., 2006. Allocation of CO2 emission permits—
economic incentives for emission reductions in developing countries. Energy
Policy 34 (14), 1889–1899.
Revkin, A., 2000. A plunge in use of food stamps causes concern. New York Times,
February 25.
Rock, M.T., 1996. Toward more sustainable development: the environment and
industrial policy in Taiwan. Development Policy Review 14, 255–272.
Romer, P.M., 1994. The origins of endogenous growth. Journal of Economic
Perspectives 8, 3–22.
Rothman, D.S., 1998. Environmental Kuznets curves-real progress or passing the
buck? A case for consumption-based approaches. Ecological Economics 25,
177–194.
Selden, T.M., Song, D., 1994. Environmental quality and development: is there a
Kuznets curve for air pollution emission? Journal of Environmental Economics
and Management 27, 147–162.
Serageldin, I., Steer, A., 1994. Making development sustainable: from concept to
action. Environmentally sustainable development occasional Paper Series No.
2, Washington, DC: The World Bank.
Shaﬁk, N.T., 1994. Economic development and environmental quality: an
econometric analysis. Oxford Economic Papers 46, 757–73.
Shaﬁk, N., Bandyopadhyay, S., 1992. Economic Growth and Environmental Quality:
Time-Series and Cross-Country Evidence. Background Paper for World
Development Report 1992. World Bank, Washington, DC.
Solow, R.M., 2000. Growth Theory: An Exposition. Oxford University Press, New
York.
Soysa, I., Neumayer, E., 2004. False Prophet, or genuine Savior? Assessing the
effects of economic openness on sustainable development, 1980–1999.
International Trade 0409001, EconWPA, 13 October.
Stern, D., 2004. The rise and fall of the environmental Kuznets curve. World
Development 32, 1419–1439.
Stiglitz, J., 2000. Capital market liberalization, economic growth, and instability.
World Development 28 (6), 1075–1086.
Sun, J.W., 2006. An alternative viewpoint on the forecasting of energy-related CO2
emissions in the OECD countries. Energy Policy 34, 377–382.
Suri, V., Chapman, D., 1998. Economic growth, trade and energy: implications for
environmental Kuznets curve. Ecological Economics 25, 195–208.
Tadesse, S., 2005. Financial development and technology. William Davidson
Institute Working Paper No. 749.
Talukdar, D., Meisner, C.M., 2001. Does the private sector help or hurt the
environment? Evidence from carbon dioxide pollution in developing countries.
World Development 29 (5), 827–840.
Wang, H., Yanhong, J., 2007. Industrial ownership and environmental performance:
evidence from China. Environmental and Resource Economics 36 (3), 255–273.
Westbrook, R., 1995. Action research: a new paradigm for research in production
and operations management. International Journal of Operations & Production
Management 15 (12), 6–20.
World Bank, 2000. Is globalization causing a ‘race to the bottom’ in environmental
standard? PREM economic policy group and development economics group.
World Bank, A., 2007. The Little Green Data Book 2007. The World Bank,
Washington, DC.
Xing, Y., Kolstad, C.D., 2002. Do lax environmental regulations attract foreign
investment? Environmental and Resource Economics 21 (1), 1–22.

