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Financial development is widely recognized as a key catalyst 
for economic growth and progress today. With developing na-
tions prioritizing accelerated economic expansion, they have 
increasingly turned their attention to fostering financial market 
growth. However, the impact of financial development on en-
vironmental sustainability remains uncertain. Furthermore, in 
certain countries, there is a notable distinction between carbon 
dioxide emissions generated from production and those arising 
from consumption, this article examines the impact of financial 
development on consumption-based CO₂ emissions for a pan-
el of 17 developing countries during the period of 1990–2019 
with a Panel-Quantile approach. Empirical findings show that 
the effect of financial development on consumption-based CO₂ 
emissions is positive and significant in all quantiles. In addi-
tion, this study considers gross domestic product, rental rates of 
natural resources, trade openness, and globalization as control 
variables. The results of this study provide new evidence for 
policymakers to maintain environmental quality by focusing on 
the link between financial development and consumption-based 
CO₂ emissions.
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1 Introduction
Today, global warming is one of the most im-

portant and controversial challenges that the world 
has faced. On the other hand, one of the main and 
most important factors in global warming is car-
bon emission. In recent decades, CO₂ emissions 
have increased from about 22 billion metric tons 
in 1990 to about 34 billion metric tons in 2019 [1]. 
As a result, nations must place greater emphasis 
on addressing environmental challenges linked to 
rising carbon emissions. Numerous countries have 
already enacted policies to mitigate global warm-
ing. Moreover, a significant body of research has 
explored the various factors that influence envi-
ronmental quality [2, 3, 4, 5]. Moreover, after the 
global financial crisis, studies focused on the ef-
fects of financial development on carbon emissions 
[6, 7, 8, 9]. Some studies reported that financial 
development can help reduce carbon emissions 
[10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20]. Finan-
cial development through the growth of financial 
resources can help employ advanced low-carbon 
technologies to further protect the environment 
[21]. [8] argued that the growth and development 
of the stock market will reduce the financing costs 
of companies’ fixed capital, which will help to in-
crease new investments and increase innovative 
low-carbon technologies. So, it can help preserve 
the environment.

Some studies also argue that financial develop-
ment by accelerating economic growth causes an 
increase in carbon emissions [6, 22, 23, 24, 25, 26, 
27, 28, 29, 30]. In addition, the increase in financial 
development causes an increase in the purchase of 
durable goods, which can affect the quality of the 
environment [6, 31]. Furthermore, financial de-
velopment, which fosters economic growth, also 
drives a rise in consumer loans, leading to higher 
purchases of energy-intensive durable goods. Con-
sequently, this surge in energy consumption neg-

atively impacts environmental quality [27]. Some 
studies also did not find a significant relationship 
between financial development and carbon emis-
sions [6, 32, 33]. As a result, previous research has 
yet to reach a definitive consensus on the effects 
of financial development on environmental qual-
ity. Additionally, earlier studies primarily focused 
on carbon dioxide emissions measured through 
production. However, this study evaluates envi-
ronmental quality by considering CO2 emissions 
based on per capita consumption.

Consumption-based CO₂ emissions are emis-
sions produced for business. This measurement 
criterion includes production-based greenhouse 
gas emissions minus export-based greenhouse gas 
emissions. In addition, greenhouse gas emissions 
caused by imports are also added to it. Since the 
CO₂ emission index, which is considered an en-
vironmental measure in most previous studies, 
is measured in terms of production, some of the 
products of each country are exported. So, con-
sumption-based CO₂ emissions can well show the 
carbon emission of each geographical region based 
on the consumption and consumption patterns of 
that region. This change of attitude from carbon 
emissions based on consumption instead of pro-
duction is important because the carbon emissions 
of production and consumption in some countries 
are drastically different. For example, China’s con-
sumption-based carbon emissions are 14% lower 
than its production-based carbon emissions [1]. So 
this shows that while China is one of the biggest 
carbon exporters, the consumption style of the cit-
izens of this country does not emit much carbon. 
Therefore, studying the effect of financial develop-
ment on carbon emissions based on consumption 
can provide a new perspective on the consumption 
style of countries in environmental protection, 
which can change the direction of policies. In the 
following, the average CO₂ emission based on con-

Fig 1: The average C- CO₂ of the studied countries during the years 1990-2019
Source: Authors’ Compilations
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sumption of the studied countries is presented in 
Fig. 1. 

Fig. 1 shows the average consumption-based 
emissions of carbon dioxide in the studied coun-
tries during the years 1990 to 2019. Annual car-
bon dioxide emissions are measured based on 
consumption in tons per person. If a country’s 
consumption-based carbon dioxide emissions are 
greater than its production-based carbon dioxide 
emissions, that country is a net importer of CO₂. 
Fig. 1 shows that Qatar ranks first, and then Iran 
ranks second in terms of CO₂ emissions based on 
consumption. In addition, the countries with the 
lowest consumption-based carbon dioxide emis-
sions are Bangladesh and Cambodia. So, it can be 
concluded that the consumption style of the citi-
zens of Qatar and Iran causes much damage to the 
environment.

Although developing countries have a high share 
of the world economy, they are also responsible 
for 53% of global carbon dioxide emissions [1]. 
[34] argued that reducing consumption-based CO₂ 
emissions in low-income countries is an import-
ant factor in reducing greenhouse gas emissions. 
Therefore, to reduce global warming, appropriate 
policies should be provided to reduce carbon in 
this region. Moreover, developing economies have 
prioritized financial development as a means to 
spur economic growth, aiming to boost other sec-
tors through the expansion of their financial sys-
tems. However, these countries often overlook the 
importance of environmental quality. To combat 
rising global temperatures, it is essential for devel-
oping nations to actively participate in internation-
al efforts to reduce carbon emissions. Therefore, 
more research is needed on the CO₂ emissions and 
financial development link in developing coun-
tries. In addition, while previous researchers have 
conducted extensive and in-depth research on the 

relationship between financial development and 
production-based CO₂ emissions, new research 
should focus on the relationship between finan-
cial development and consumption-based CO₂ 
emissions. Some countries have reduced their con-
sumption-based carbon but exported more carbon 
due to global pressures to reduce carbon from con-
sumer goods. In the following, the average finan-
cial development index of developing countries is 
presented in Fig. 2.

Fig 2 shows the average financial development 
index of developing countries during the studied 
period. According to the fig above, Singapore 
ranks first and Malaysia ranks second in terms of 
financial development. The lowest rank belongs to 
Cambodia, followed by Bangladesh. 

As seen, previous studies investigating the impact 
of financial development on the environment in 
different countries have been conducted using dif-
ferent assumptions and methods, but they did not 
reach a definite conclusion in this case. In addition, 
previous studies mostly focused on carbon emis-
sions from production. Therefore, this study stud-
ies the relationship between financial development 
and consumption-based CO₂ emissions in develop-
ing countries. In addition, developing countries are 
on the fast path of economic growth and do not pay 
much attention to the environmental consequences 
of growth. In addition, there are significant differ-
ences in the link between financial development 
and CO₂ emissions in different developing coun-
tries, and therefore, the impact of financial devel-
opment on CO₂ emissions in different developing 
countries may be heterogeneous. Hence, quantile 
regression focuses on the significant heterogeneity 
at the country level among developing countries 
by classifying countries into six groups based on 
carbon emissions. This research offers valuable in-

Fig 2: The average financial development of the studied countries during the years 1990-2019
Source: Authors’ Compilations.
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sights for policymakers to shape targeted policies 
aimed at enhancing environmental quality while 
fostering financial sector development in the afore-
mentioned countries. The remainder of the paper is 
organized as follows: the next section outlines the 
materials and methods, followed by a discussion 
of the experimental findings, and the final section 
presents the conclusion.

2. Materials & Methods 
In this study, annual time series data from 1990 

to 2019 has been used according to data availabili-
ty. This research assesses the relationship between 
financial development and consumption-based 
carbon dioxide emission intensity in developing 
countries. To reduce skewness, all series are trans-
formed into the natural logarithm [8]. The variables 
and their sources are reported in Table 1.

After describing the variables and their sources, 
we describe the statistics of the variables used in 
this study. In this context, Table 2 below shows the 
descriptive statistics of the variables.

After presenting the data and variables utilized 
in this research, the methodology under investi-
gation is introduced. While OLS regression is one 
of the most commonly applied methods, it tends 
to perform inadequately in situations where the 
error distribution deviates from normality, partic-
ularly in cases with long or asymmetric tails. To 
address these limitations, quantile regression was 
introduced by Koenker and Bassett in 1978. This 
regression is a comprehensive method for statis-
tical analysis of linear and non-linear models of 
dependent variables in different contexts [35, 36]. 

Quantile regression provides a comprehensive 
model that evaluates the dependent variable and 
provides the possibility of including independent 
variables in different parts of the distribution, espe-

Table 1. Variable acronyms, definitions, and sources 

Table 1. Variable acronyms, definitions, and sources 

Source: Authors’ Compilations. 

Source: Authors’ Compilations. Obs. is the number of observations in the model, Std. Dev. is the standard devia-
tion, Min and Max are the minimum and maximum, respectively.

Variables Definition Sources

C- CO₂ Annual consumption-based CO₂ emissions (per 
capita), in metric tons per person

Our World in Data (2020)

GDP Gross domestic product per capita (GDP) (con-
stant= 2010 $)

WBD (2020)

FD Financial Development Index IMF (2020)

RE Total natural resources rents (% of GDP) WBD (2020)

TO Total economic openness = Import+Export 
(constant=2010 $)

WBD (2020)

G Globalization WBD (2020)

Variables Obs. Mean Std.-Dev. Min. Max.

C- CO₂ 510 9.032 10.795 0.175 57.792

GDP 510 15029.31 18811.51 364.8811 66023.63

FD 510 0.389 0.162 0 0.793

RE 510 10.655 13.956 0.00016 55.475

TO 510 95.536 76.685 15.506 437.326

G 510 59.815 13.431 19.410 85.343
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cially the endpoints of the distribution. In addition, 
quantile regression does not have the limitations of 
ordinary regression. Quantile regression can calcu-
late and draw different regression curves according 
to different percentiles to provide a comprehensive 
picture of the data. In addition, quantile regression 
allows measuring the relationship between inde-
pendent and dependent variables without the need 
for data to be normal, even in the presence of out-
liers [37]. 

Therefore, this research applies the quantile pan-
el regression method to evaluate the effect of fi-
nancial development on consumption-based CO₂ 
emissions. The mathematical formula of the quan-
tile regression model is as follows (Eq. 1).

     (1)

X: the vector of independent variables; Y: the 
vector of dependent variables; μ: a random error; 
Quantiθ (yi⁄xi ) is the θth quantile of the independent 
variable; the βθ estimate shows the quantile regres-
sion θth and solves the Eq 2:

     (2)

Given that, θ is equal to different values. There-
fore, the estimation of different parameters is ob-
tained [38]. Econometric theories state that model 
variables should be logarithmically used to elimi-
nate possible heterogeneities. Therefore, the model 
is as follows:

     (3)

C- CO₂ represents consumption-based CO₂ emis-
sions in metric tons per person; GDP is Gross do-
mestic product per capita; FD is Financial Devel-
opment Index; RE is Total natural resources rents; 
TO is trade openness; G denotes Globalization.
Given in this study was used panel quantile regres-
sion to measure C- CO₂, Eq 4 is converted to the 
following form:

                (4)

In this regard, Q_rmeans the estimation of the 
quantile regression τthin the ecological footprint, 
and(la)r is the constant component. The coeffi-
cientsβ1τ.β2τ.β3τ.β4τ.β5τ are the quantile regression 
parameters and show the influencing factors.

3. Empirical results and discussion

Before estimating any model, it is necessary to 
check pre-tests to be able to be sure of the results. 
Therefore, pre-tests are presented in this section. 
First, the multicollinearity test of the dependent 
variables is checked with the variance inflation 
factor [39]. The results of Table 3 show that there 
is no serious multicollinearity problem between 
the variables. In the next step, the LM test [40] is 
performed to examine cross-sectional dependence 
(CSD) in the panel data because the number of 
countries is equal to 17 and the number of years is 
equal to 30 (t>n). The null hypothesis in this test 
indicates cross-sectional independence. The LM 
test results are presented in Table 3.

The results in Table 3 show that the null hypothe-
sis is rejected. Therefore, in this section, the panel 
unit root test [41] was used to examine the station-
ary variables. 

Table 3.VIF test and Breusch- Pagan (LM test)

Variables
VIF-test Breusch- Pagan (LM test)

VIF Mean VIF t-statistic Prob.

C-CO₂ n.a 2.16 1094.869 0.0000

GDP 1.93

FD 2.61

RE 1.18

TO 1.89

G 3.20
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The results in Table 4 show that after first-order 
differences, all variables were fixed at the 1% lev-
el. Next, the cointegration test is used to examine 
long-term relationships between variables [42]. 
To examine long-term relationships, [43] and [44] 
cointegration tests are used. The null hypothesis in 
both tests is the absence of collinearity.

The results in Table 5 show that there is a long-
term equilibrium relationship between 

consumption-based CO₂ emissions (C-CO₂ ) and 
independent variables.

Since the results of quantile regression estimation 
are slightly more robust than OLS estimation if the 
data are non-normally distributed [45], the normal-
ity of all variables is checked first. In this study, the 
normality of the data is checked with Shapiro-Wilk 
and Shapiro-France tests. The results of Table 6 
show that all variables have a non-normal distribu-
tion. Therefore, a panel quantile model can be used 
for analysis.

In various studies, quantile values of 10th, 25th, 
50th, 75th, and 90th are used as representative val-
ues for experimental analysis. In addition, the fixed 

effects panel is also used to evaluate the robust-
ness of the results. In the following, 17 developing 
countries under study are classified into 6 groups 
based on the consumption-based CO₂ emissions.

After classifying countries based on consump-
tion-based CO2 emissions, the results of the quan-
tile panel estimation are presented in Table 8.

The results in Table 8 show there is a positive 
and significant relationship between carbon diox-
ide emissions based on consumption and GDP per 
capita in all quantiles. Additionally, the findings 

show that the most significant impact occurs at the 
90th quantile, where a one percent rise in economic 
growth leads to an approximate 0.920 percent in-
crease in consumption-based carbon dioxide emis-
sions. In developing countries, economic growth is 
consistently linked to higher energy consumption, 
which in turn drives up carbon dioxide emissions. 
As these nations are in the early stages of growth 
and development, they prioritize rapid expansion, 
often neglecting the environmental consequences 
of such accelerated growth. In addition, an increase 

Table 4. Panel unit root test (CIPS)

Table 5.Kao and Pederoni cointegration test

Variables CIPS* Variables CIPS*

C-CO₂ -0.787 LC-CO₂ -2.260**

GDP -0.807 LGDP -2.410***

FD -2.143* LFD -2.388***

RE -2.460*** LRE -2.672***

TO -1.864 LTO -2.315***

G -2.472*** LG -2.562***

Source: Authors’ Compilations. Significant critical values: -2.11, -2.20, and -2.38 respectively for levels 
10%, 5%, and 1%.

Source: Authors’ Compilations.

Kao cointegration test Pedroni cointegration test

Estimators t-Statistic Prob. Estimators t-Statistic Prob.

Modified Dickey-Fuller t -5.9825 0.000 Modified Phil-
lips-Perron t

-3.2717 0.000

Dickey-Fuller t -6.5777 0.000 Phillips-Perron t -8.0248 0.000

Augmented Dickey-Fuller t -4.5462 0.000 Augmented 
Dickey-Fuller t

-8.2211 0.000

Unadjusted modified Dick-
ey-Fuller t

-12.9882 0.000

Unadjusted Dickey-Fuller t -8.8325 0.000
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Table 6.Normal distribution test

Table 7.Country distribution of C-CO₂

Table 8. Estimation results from panel quantile regression model and panel fixed effects

Source: Authors’ Compilations.

Source: Authors’ Compilations. According to the level of C-CO₂, we divided the panel of 17 countries into 
six grades.

Source: Authors’ Compilations. ***, **, * denote statistically significant at the 1%, 5%, and 10% levels, 
respectively; “L” denotes variables in natural logarithms.

Variables Shapiro-Wilk test Shapiro-France test

Statistic Statistic

LC-CO₂ 0.96674 0.00000 0.96876 0.00001

LGDP 0.95044 0.00000 0.95288 0.00001

LFD 0.89410 0.00000 0.89362 0.00001

LRE 0.85037 0.00000 0.85164 0.00001

LTO 0.98287 0.00001 0.98393 0.00005

LG 0.90832 0.00000 0.90849 0.00001

Quantile Country

The lower 10th quantile group Bangladesh, Cambodia

The 10th - 25th quantile group Pakistan, India

The 25th - 50th quantile group Philippines, Indonesia, Thailand, Jordan

The 50th - 75th quantile group Turkey, Malaysia, Iran, Israel

The 75th - 90th quantile group Oman, Saudi Arab, Singapore

The upper 90th quantile group United Arab, Qatar

Variables Quantiles OLS

10th 25th 50th 75th 90th Fixed Effects

LGDP 0.788*** 0.829*** 0.877*** 0.857*** 0.920*** 0.862***

LFD 0.381*** 0.315*** 0.330*** 0.435*** 0.407*** 0.440***

LRE 0.058*** 0.052*** 0.038*** 0.031*** 0.022*** 0.039***

LTO 0.334*** 0.227*** 0.131*** 0.242*** 0.160*** 0.178***

LG -0.186 -0.035 -0.529*** -0.869*** -0.838*** -0.565***

Cons -6.207*** -6.641*** -4.321*** -2.927*** -3.103*** -4.150***

R2 0.7985 0.7893 0.7874 0.7849 0.7573 0.9514
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in GDP means an increase in household income. 
Also, an increase in income increases the demand 
for goods and services, which can lead to more con-
sumption-based carbon emissions. Therefore, to 
support global policies to reduce carbon emissions, 
the governments and authorities of these countries 
must make more efforts to approve and implement 
sustainable development regulations. For this, gov-
ernments can use punitive tools such as taxes for 
sectors that pollute the environment and subsidies 
to encourage low-carbon sectors. Some studies be-
tween carbon emissions and economic growth sup-
port our results [4, 30, 46, 47]. 

The results in Table 8 show that financial devel-
opment has a positive and significant effect on 
consumption-based CO₂ emissions in all quantiles. 
The results show that with an increase in financial 
development by 1% in the 75th quantile, consump-
tion-based carbon dioxide emissions increase by 
about 0.435%. In reality, as financial development 
accelerates, economic growth in developing coun-
tries intensifies, resulting in greater energy use and 
higher carbon emissions. Moreover, as the finan-
cial sector expands, corporate profits rise, leading 
to increased household incomes. This additional 
income is often spent on purchasing more goods, 
contributing to a further increase in consump-
tion-based CO2 emissions. Therefore, in order to 
protect the environment, the policymakers of these 
countries should plan financial sector development 
policies with a focus on reducing carbon emis-
sions. Some studies support our results [5, 7, 8, 
26, 27, 29, 48]. A group of studies also found that 
increasing financial development helps reduce car-
bon dioxide emissions [14, 15, 17]. Some studies 
also did not find a significant relationship between 
financial development and carbon emissions [8, 
33, 48].  

The results show that there is a positive and sig-
nificant relationship between the rental rate of nat-
ural resources and CO₂ emissions based on con-
sumption. However, as we go higher in the quantile 
level, this effect decreases. The greatest effect is 
related to quantile 10, which is about 0.058. In oth-
er words, with a one percent increase, consump-
tion-based carbon emissions increase by about 
0.058 percent.

There is a strong and significant correlation be-
tween trade openness and consumption-based CO2 
emissions across all quantiles in developing coun-
tries (see Table 8). This suggests that as trade liber-
alization grows, CO2 emissions from consumption 
rise in these nations. It can be argued that many de-

veloping countries import environmentally harm-
ful goods, effectively “importing carbon” through 
trade expansion. Conversely, their exports tend 
to consist of products that generate lower carbon 
emissions. Therefore, the authorities of develop-
ing countries should apply stricter environmen-
tal laws to their international trade. Some studies 
have found a positive relationship between trade 
expansion and carbon dioxide emissions [49, 50, 
51]. Some studies found a negative relationship be-
tween trade development and environmental qual-
ity [52, 53, 54]. 

As shown in Table 8, there is no significant re-
lationship between globalization and carbon emis-
sions at the 10th and 25th quantile levels. There 
is a negative and significant relationship between 
globalization and consumption-based CO₂ emis-
sions in the quantiles of 50th, 75th, and 90th; So 
that 1% increase in globalization in the 75th quan-
tile causes consumption-based CO₂ emissions of 
about 0.869%. In fact, by moving at the level of 
quantiles, the effect of globalization on the quality 
of the environment increases. The development of 
globalization increases the income of societies, and 
wealthier societies demand a healthier environ-
ment. In addition, joining the global village places 
more importance on the environment and the im-
plementation of stricter environmental guidelines. 
Therefore, globalization paves the way for envi-
ronmental protection. Some studies support our 
results [55]. 

4.  Conclusion and policy implications
Today, the development of financial markets is 

one of the most important factors in economic de-
velopment, especially for developing countries. 
However, the consequences of financial develop-
ment on environmental quality are not clear. In 
addition, since the carbon dioxide emissions from 
production differ significantly from the carbon 
dioxide emissions from consumption in some de-
veloping countries, this article aims to investigate 
the impact of financial development on consump-
tion-based CO₂ emissions in a group of developing 
countries during the period of 1990–2019 with a 
panel-quantitative approach.

The results of this study showed that financial 
development plays an important role in increas-
ing consumption-based carbon dioxide emissions. 
In other words, the development of the financial 
sector causes an increase in the consumption of 
energy-consuming and polluting goods. Consump-
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tion-based carbon emissions reflect the consump-
tion habits and lifestyles of a society that contribute 
to environmental pollution. Therefore, individuals 
should adopt consumption patterns that support en-
vironmental sustainability. Governments in devel-
oping countries must also prioritize improving the 
quality of consumer products. Additionally, pol-
icymakers should create opportunities to redirect 
financial resources from environmentally harmful 
sectors to eco-friendly ones through strategic tax 
incentives and subsidy policies. In addition, addi-
tional revenues from financial development should 
be used for low-carbon technological projects, the 
discovery of renewable energy sources, and the 
financing of investments in the green economy 
to ensure sustainability. Therefore, to reverse the 
destructive environmental consequences of finan-
cial development, facilities should be provided for 
companies to move along with the green transfor-
mation.

The results showed that GDP per capita leads to 
an increase in consumption-based carbon emis-
sions. Since economic growth in developing coun-
tries causes environmental degradation, govern-
ment authorities should establish stricter policies 
and regulations to increase economic growth in 
these countries. In the case of economic growth, 
measures should be taken to direct additional in-
comes towards the purchase of low-carbon goods 
and clean energy users. In addition, tax incen-
tives and subsidies that encourage investment in 
the clean energy sector should be increased. The 
growth of trade in these countries also contrib-
utes to rising carbon emissions. Alongside focus-
ing on domestic regulations and policies, officials 
must give considerable attention to foreign policy. 
Governments should enact environmental laws 
that regulate trade expansion and ensure strict 
enforcement. Moreover, they should promote the 
adoption of eco-friendly technologies and the use 
of renewable energy sources. The empirical results 
of this study indicated that increasing globalization 
in developing countries can help improve the en-
vironment. Policymakers in developing countries 
need to adopt policies to increase globalization to 
improve the environment.

In conclusion, it is important to offer some rec-
ommendations for future research. Conducting 
time-varying analyses on the relationship between 
financial development and consumption-based 
carbon dioxide emissions could yield more pre-
cise and insightful results [8, 56]. In addition, 
comparing the effects of financial development on 

consumption-based carbon dioxide emissions and 
production-based carbon emissions will provide 
interesting results.
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