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DOES THE EFFECT OF FINANCIAL DEVELOPMENT ON CARBON 
EMISSIONS VARY BETWEEN DEVELOPED AND 

DEVELOPING COUNTRIES?

Emrah ÖGET1 

FİNANSAL GELİŞİMİN KARBON EMİSYONLARI ÜZERİNDEKİ ETKİSİ 
GELİŞMİŞ VE GELİŞMEKTE OLAN ÜLKELER ARASINDA 

FARKLILIK GÖSTERİYOR MU?

ABSTRACT
This study examines the relationship between financial development and carbon emission for 

21 developed and 22 developing countries throughout 2001-2020.  There is heterogeneity in slope 
coefficient and cross-section dependence in residuals. For this reason, the second-generation panel unit 
root and cointegration tests were applied to investigate the integration order of the series and the long-
run relationship, respectively. Additionally, this study utilized the pooled FMOLS and DOLS estimators 
to determine the long-run coefficients. While cointegration results confirm the long-run relationship 
between financial development and carbon emissions, pooled DOLS and FMOLS results show that 
financial development has an increasing effect on carbon emissions for both developed and developing 
countries. For the DOLS estimator, where statistically more significant results were obtained, individual 
DOLS results were examined, and it was seen that financial development reduced carbon emissions 
in approximately 55% of developed countries and approximately 28% of developing countries. It is 
understood that the positive effect of the pooled results originates from Belgium, Denmark, South Korea, 
and the United States, where financial development has a highly increasing effect on carbon emissions. 
These results cast doubt on the validity of the EKC hypothesis for these countries.
Keywords: Financial Development, Carbon Emission, EKC hypothesis, DOLS, FMOLS
JEL Classification: G0, Q5, H5

ÖZET
Bu çalışmada, 2001-2020 dönemi için 21 gelişmiş ve 22 gelişmekte olan ülke için finansal 

gelişme ile karbon emisyonu arasındaki ilişki incelenmektedir. Kalıntılarda eğim katsayısı ve kesit 
bağımlılığında heterojenlik bulunmaktadır. Bu nedenle serinin bütünleşme derecesi ve uzun dönem 
ilişkisini araştırmak için sırasıyla ikinci nesil panel birim kök testi ve eşbütünleşme testi uygulanmıştır. 
Ayrıca, bu çalışmada uzun dönem katsayılarını belirlemek için birleştirilmiş FMOLS ve DOLS tahmin 
edicilerinden yararlanılmıştır. Eşbütünleşme sonuçları finansal gelişme ile karbon emisyonları 
arasındaki uzun dönemli ilişkiyi teyit ederken, panel DOLS ve FMOLS sonuçları finansal gelişmenin 
hem gelişmiş hem de gelişmekte olan ülkeler için karbon emisyonları üzerinde artırıcı bir etkiye sahip 
olduğunu göstermektedir. İstatistiksel olarak daha anlamlı sonuçların elde edildiği DOLS tahmin edicisi 
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1. Introduction 

The most crucial factor in economic growth is the bank credits to the private sector. 
Individuals obtain loans for consumption and investment purposes. At the same time, business-
es borrow for factories, raw materials and machinery. Governments receive loans to invest in 
infrastructure projects (Begum & Aziz, 2019: 45). Studies in the literature provide proof that 
domestic credit to the private sector has a significant impact on economic growth (Levine, 
1997; Bist, 2018; Guru & Yadav, 2019). There has also been working revealing that economic 
growth is related to carbon (CO2) emissions (Du et al., 2019; Xiumei et al., 2011; Liu et al., 
2022). In addition, according to the Environmental Kuznets Curve (EKC), which shows that 
there is an inverted U-shaped relationship between economic growth and the environment, en-
vironmental pollution tends to increase at low levels of economic development, but decreases 
with increasing economic development (Grossman & Krueger, 1995: 366). Therefore EKC 
hypothesis proposes economic development and growth as the driving forces of environmental 
degradation (Kim et. al., 2020: 1). 

The finding that a relationship exists between CO2 emissions and the domestic cred-
its to the private sector by banks that encourage economic growth by allocating resources to 
private sectors in need deserves attention, which forms the basis for the present study. Due to 
obstacles in ensuring equitable access to energy and reducing CO2 emissions, the link between 
banking sector development, renewable energy, and CO2 emissions requires close investigation 
(Samour et al., 2022: 1033). In addition, it is thought that the energy transition will not be pos-
sible without the participation of the private sector in developing countries (Fadly, 2019: 552).

Sugiawan et al. (2019: 2) pointed out that investments aimed at decreasing CO2 emis-
sions have thus far been very costly. Investing in renewable energy sources in many developing 
countries has not been economically attractive. Matthaus & Mehling (2020: 2629-2630) sug-
gested that more renewable energy investments will be needed in the future, but this will pose 
several new risks for developing countries. In addition, it has been stated that securing such 
risks in developing countries is more costly than in developed countries. Nyambuu & Semmler 
(2020: 367-368) pointed out that fossil fuel consumption, a key factor in raising CO2 emissions, 
has decreased in North America, the EU, and OECD countries, which may have been due to 
the increased use of clean energy, while fossil fuel consumption has been increasing in many 
other developing countries.

Li et al. (2022: 1) stated that ensuring sustainable development in developing countries 
is more difficult when compared to developed countries due to their inefficient use of ener-

için ise bireysel DOLS sonuçları incelenmiş ve gelişmiş ülkelerin yaklaşık %55’inde ve gelişmekte olan 
ülkelerin yaklaşık %28’inde finansal gelişmenin karbon emisyonları üzerinde azaltıcı bir etkiye sahip 
olduğu görülmüştür. Panel sonuçlardaki pozitif etkinin, finansal gelişimin karbon emisyonları üzerinde 
oldukça artan bir etkiye sahip olduğu Belçika, Danimarka, Güney Kore ve Amerika Birleşik Devletleri 
ülkelerinden kaynaklandığı anlaşılmaktadır. Bu sonuçlar EKC hipotezinin geçerliliğinin bu ülkeler için 
şüpheli olduğunu göstermektedir.  
Anahtar Kelimeler: Finansal Gelişme, Karbon Emisyonu, EKC hipotezi, DOLS, FMOLS
JEL Sınıflandırması: G0, Q5, H5
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gy, technological underdevelopment, excessive dependence on agriculture, inadequate public 
services, rapid industrialization, and urbanization. Betzold (2016: 312) pointed out that invest-
ing in renewable energy technologies requires high upfront capital, and this is possible only 
with foreign aid in developing countries. Similarly, Senshaw & Kim (2018: 434) stated that, 
although developing countries are more willing to invest in renewable energy, they cannot 
achieve this without international technological and financial assistance.

It has been stated that the dominant source in the transition to renewable energy in-
vestments are domestic financing, and the private sector constitutes the majority of the total 
renewable investments (IFC, 2013: 3). In the OECD Environment Working Paper Ang et. al.  
(2017: 39) noted that domestic credits to the private sector have a positive effect on renewable 
investment flows in OECD and G20 countries. Therefore, the high transition cost to renewable 
energy sources requires private sector financing as a catalyst.

Based on the explanations above, the relationships between financial development (FD) 
and CO2 emissions are examined for the panels of developed and developing countries in 
this study. In addition, the variable of domestic credit to private sector by banks (% of GDP) 
(DCPSB) represents FD. This study is hoped to contribute to the literature in several ways, in 
that it does not only present the impact of FD on CO2 emissions but also reveals the differences 
between developed and developing countries. Contradictory findings on the relationship be-
tween FD and the environment have failed to provide a lasting consensus among researchers 
(Charfeddine & Kahia, 2019: 200; Gök, 2020: 11618; Lv & Li, 2021: 1; Adebayo & Odugbe-
san, 2021: 9378). 

Similar studies and differences in the literature are evaluated in Section 2, data descrip-
tion and variables in Section 3, economic methodology in Section 4, empirical results and 
discussions in Section 5 and the conclusions and policy implications are discussed in Section 6.

2. Literature Review

Although many studies have been conducted on the determinants of CO2 emissions, 
only the findings related to the relationships between credit to the private sector (% of GDP) 
representing FD and CO2 emissions have been mentioned here.

Both domestic credit to private sector by banks (% of GDP) (DCPSB) and domestic 
credit to private sector (% of GDP) (DCPS) are used as a proxy for FD in the studies that have 
investigated the relationship between FD and CO2 emissions. These studies can be grouped into 
two, namely those that revealed that CO2 emissions increased as a result of FD, and those that 
showed that FD reduced CO2 emissions. 

In some of the studies, it was found that FD, measured by DCPSB, led CO2 emissions 
to increase (Maji et. al., 2017; Samour et. al., 2019; Faisal et. al., 2020; Obiora et. al., 2020; 
Samour et. al., 2022; Shahbaz, et. al., 2022; Majumdar & Paris, 2022).

These findings were based on data from Malaysia from 1980 to 2014 by Maji et. al. 
(2017), from Turkiye between 1980 and 2014 by Samour et. al. (2019), from Brazil, India, Chi-
na, and South African countries throughout 1993-2014 by Faisal et. al. (2020), from a total of 
forty-five developed, emerging, and developing countries between 1990 and 2017 by Obiora et. 
al. (2020), from South Africa from 1990 to 2017 by Samour et. al. (2022), from Visegrád group 
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countries between 1990 and 2019 by Shahbaz, et. al. (2022), and from United Arab Emirates 
(UAE) from 1984 to 2019 by Majumdar & Paris (2022).

In some others, on the other hand, it was observed that FD, measured by DCPS, has 
an increasing effect on CO2 emission (Omri, 2013; Muftau et. al., 2014; Shahbaz et. al., 2014; 
Boutabba, 2014; Çetin et. al., 2018; Ahmad et. al., 2018; Cheng, et. al., 2019; Anser et. al., 
2020; Adebayo & Odugbesan, 2021). 

These findings were based on data from Iran, Jordan, Kuwait, Lebanon, Morocco, and 
the United Arab Emirates between 1990 and 2011 by Omri (2013), from 11 West African coun-
tries between 1970 and 2011 by Muftau et. al. (2014), from Bangladesh from 1975 to 2010 by 
Shahbaz et. al. (2014), from India between 1971 and 2008 by Boutabba (2014), from Turkiye 
from 1960 to 2013 by Çetin et. al. (2018), from China between 1980 and 2014 by Ahmad et. al. 
(2018), from BRIICS countries from 2000 to 2013 by Cheng, et. al. (2019), from Saudi Arabia 
between 1975 and 2018 by Anser et. al. (2020), and from South Africa from 1971 to 2016 by 
Adebayo & Odugbesan (2021). 

On the contrary, it was also shown by relatively few researchers that FD, measured 
by DCPS, led to a decrease in CO2 emissions (Jalil & Feridun, 2011; Abbasi & Riaz, 2016; 
Mrabet & Alsamara, 2017; Dar & Asif, 2018; Lahiani, 2020; Yang et. al., 2020). In addition, 
some studies found that there is no statistically significant relationship between FD, measured 
by DCPS, and CO2 emissions (Öztürk & Acaravci, 2013; Charfeddine & Kahia, 2019; Neog 
& Yadava, 2020). 

These studies were based on data obtained from China over the period of 1978-2006 by 
Jalil & Feridun (2011), from Pakistan between 1988 and 2011 by Abbasi & Riaz (2016), from 
Qatar over the period of 1991-2000 by Mrabet & Alsamara (2017), from Turkiye between 1960 
and 2013 by Dar & Asif (2018), from China over the period of 1977-2013 by Lahiani (2020), 
from 54 developing economies between 1980 and 2016 by Yang et. al. (2020), from Turkiye 
over the period of 1960-2007 by Öztürk & Acaravci (2013), from MENA countries between 
1980 and 2015 by Charfeddine & Kahia (2019), and from India over the period of 1980-2014 
by Neog & Yadava (2020). 

It was also shown that FD, measured by DCPSB, has a decreasing effect on CO2 emis-
sions in a limited number of studies (Nwani & Omoke, 2020). This study was carried out using 
data from Brazil between 1971 and 2014. 

In some studies, various indicators were used together to indicate FD (Acheampong, 
2019; Ganda, 2019; Tsaurai, 2019; Xu et. al., 2022). Acheampong (2019) found that DCPS and 
DCPSB increased CO2 emissions in forty-six sub-Saharan African countries over the period 
of 2000-2015. Ganda (2019) found that DCPSB is negatively related to CO2 emission in the 
study examining 23 OECD countries between 2001 and 2012. On the other hand, it was also 
determined that DCPS is positively related to CO2 emissions. Tsaurai (2019) revealed that only 
domestic credit by the financial sector led to an increase in CO2 emissions, but this is not the 
case for domestic credit by the banks in the study on twelve West African countries in the peri-
od of 2003-2014. Xu et al. (2022) revealed that DCPSB and DCPS raised total CO2 emissions 
for thirty-four European countries between 2000 and 2020.
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There have also been some studies that employed DCPS to indicate FD that revealed 
different results for different countries (Saidi & Hammami, 2015; Park et al., 2018; Ehigiamu-
soe & Lean, 2019). 

Saidi & Hammami (2015) found that FD increased CO2 emissions in Europe, North 
Asia, Latin America, and the Caribbean region, but there was no statistically significant re-
lationship for the Middle Eastern, North African, and sub-Saharan region over the period of 
1990-2012. Park et. al. (2018) found that FD increased CO2 emissions in Austria, Germany, 
Hungary, and Slovenia, but it decreased CO2 emissions in Croatia, Czech Republic, Finland, 
Greece, and Portugal based on data from 2001-2014. Ehigiamusoe & Lean (2019) found that 
FD reduces the CO2 emissions of high-income countries while it increases CO2 emissions in 
low-income countries. 

3. Data Description and Variables

This study includes panel data from twenty-two1 developed and twenty-one2 developing coun-
tries. CO2 emission (kt) data was taken from the recognized public database Ourworldindata 
and the FD indicator (DCPSB) was retrieved from the database of the World Bank annually 
between 2001 and 2020. The development classification of countries was determined accord-
ing to the FTSE Equity Country Classification (Sep. 2022). The data range and countries were 
selected according to the availability of data, and some countries3 were not included in the 
study due to the missing data. Figure 1. and Figure 2. compare DCPSB and CO2 emissions in 
developed and developing countries, respectively.

Figure 1: Yearly Period Averages of FD

1 Australia, Austria, Belgium, Germany, Denmark, Spain, Finland, France, Hong Kong, Ireland, Israel, Italy, Japan, 
South Korea, Netherlands, Norway, New Zealand, Poland, Portugal, Singapore, Sweden and United States.

2 United Arab Emirates (UAE), Brazil, Chile, China, Colombia, Czechia, Egypt, Greece, Hungary, Indonesia, India, 
Iceland, Mexico, Malaysia, Pakistan, Philippines, Qatar, Romania, Thailand, Turkiye, South Africa.

3 Canada, Switzerland, and United Kingdom (developed countries) and Taiwan, Kuwait, and Saudi Arabia (develop-
ing countries). 
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Figure 2: Yearly Period Averages of CO2 Emission (kt)

4. Econometric Methodology

It was observed that most similar studies employed the natural logarithm transformation 
of the variables (Park et al., 2018; Charfeddine & Kahia, 2019; Tsaurai, 2019; Faisal et al., 
2020; Shahbaz et al., 2022; Samour et al., 2022). 

Charfeddine & Kahia (2019: 200) used the natural logarithm transformation to reduce 
heteroscedasticity and non-normality in the data. Tsaurai (2019, p. 149) used the natural loga-
rithm transformation to solve the abnormally distributed data problem. In line with the relevant 
literature, the natural logarithms of the variables were used in this study. The formula for rela-
tionship for the study can be shown as: 

(1)

where the subscript “i” represents the cross sections and the subscript “t” represents 
the time. The error term is represented by “μit “ in Eq (1). The model was used to analyse both 
developed and developing countries’ panels.

4.1. Cross-sectional Dependency Test

It is important to test the cross-section dependence in the heterogeneous panel. Estima-
tors that take into account cross-sectional dependence should be used in cases where cross-sec-
tional dependence is in question (Faisal et al., 2020: 10782). In this study, the CD test recom-
mended by Pesaran (2004) was used to assess the cross-sectional dependence. Charfeddine & 
Kahia (2019: 204) stated that the Breusch and Pagan (1980) LM test is not substantial and is 
not well averaged for a fixed T in evaluating the cross-sectional dependence. To correct these 
deficiencies, Pesaran (2004: 5) suggested using the CD test based on pair-wise correlation co-
efficients of OLS residuals rather than squares utilized in the LM test: 
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(2)

where “ “ represents a sample estimate of residuals’ pair-wise correlation. 

The first T∞ and then N∞ CD test asymptotically follows a normal distribution. 
Hypotheses are shown as below (Charfeddine & Kahia, 2019: 204);

4.2. Slope Homogeneity

For panel data models, it is extremely important to examine the slope homogeneity 
as well as the cross-section dependency problem. Because slope coefficients are assumed to 
be homogeneous between individual units in many panel data models (Pesaran & Yamagata, 
2008: 50). Therefore, the  and adj.  statistics proposed by Pesaran & Yamagata (2008) 
were used to assess the homogeneity of the slope coefficients and test statistics are shown in 
Eq. (3) (Pesaran & Yamagata, 2008: 57). 

(3)

where, Ŝ ,  represents the Swamy test statistics and hypotheses for evaluating the ho-
mogeneity of the slope coefficient β with vector k x 1 are shown below (Pesaran & Yamaga-
ta, 2008: 52). 

H0: βi= β for all i.

H1: βi≠ βj     for a non - zero fraction of pairwise slopes for i≠j.

4.3. Panel Unit Root Test

In this study, the CIPS test, which is frequently used in the literature, was used (Park et. 
al., 2018; Charfeddine & Kahia, 2019; Faisal et. al., 2020; Shahbaz, et. al., 2022). 

Pesaran (2007: 255) stated that classical unit root tests are restrictive for cross-country 
regressions because of the assumtion of cross-section independent. Therefore Pesaran (2007) 
suggested the CADF test. In the CADF test, it is assumed that the error term consists of an unob-
servable common effect  and individual specific error   to each series (Pesaran, 2007: 268). Ac-
cordingly, a heterogeneous panel data regression is expressed as in Eq. (4) (Pesaran, 2007: 268):

(4)
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H1: βi<0,          i=1,2,3,…,N1;          βi=0,       i=N1+1,N1+2,….,N (series is stationary)

The cross-sectional augmented DF (CADF) regression is expressed as follows Eq. (5) 
(Pesaran, 2007: 269):

(5)

The cross-section mean of yit can be expressed as the common factor  and is calculated 
as  Its lagged values are represented as y(t-1),y(t-2),…..,N.. The CIPS statistics are ex-
pressed as the cross-sectional average of the t-ratio ti (N,T) of the OLS coefficient  of yi,t-1 in 
the CADF regression (Pesaran, 2007: 298). CIPS test statistics are shown in Eq. (6) (Pesaran, 
2007: 276):

(6)

4.4. Panel Cointegration Test

In case of cross-section dependence, it is recommended to use second generation coin-
tegration tests (Ganda, 2019: 6764; Ehigiamusoe & Lean, 2019: 22621). In this study the 
second-generation cointegration procedure proposed by Westerlund (2007) was used, in line 
with other works in the relevant literature (see: Park et. al., 2018; Ehigiamusoe & Lean, 2019; 
Charfeddine & Kahia, 2019; Faisal et. al., 2020). 

Westerlund (2007) proposed four panel cointegration tests based on the OLS estimate 
(âi) of the regression error correction parameter (ai) and the t-ratio without any common factor 
constraints.

These tests are shown in equations (7) and (8) as group mean statistics (Gt and Ga and as 
panel statistics (Pt and Pa) (Westerlund, 2007: 716-718). 

(7)

(8)

where (âi) is calculated as  and pi represents the lag order. SE(âi) is the 
standard error of the regression error correction term OLS estimate (âi). The lag order pi is 
allowed to vary between individuals. It has been stated that tests based on âi(1) perform less 
when pi is large (Westerlund, 2007: 716). 

The hypotheses for panel statistics and group mean statistics are as follows, respectively 
(Westerlund, 2007: 712):
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4.5. Long Run Coefficient Estimation

Dynamic OLS estimator (DOLS) proposed by Stock & Watson (1993) and the Fully 
Modified OLS (FMOLS) estimator proposed by Pedroni (2001) were used for long-term coef-
ficient estimations because it has been shown that conventional OLS is not suitable for coin-
tegrated panels and causes spurious results (Ehigiamusoe & Lean, 2019: 22615). In addition, 
it is stated that DOLS and FMOLS applications are suitable for heterogeneous cointegrated 
panels because they account for the endogeneity problem in regressors and eliminate serial 
correlations between error terms (Dogan & Seker, 2016: 434). The panel DOLS estimator can 
be expressed in Eq. (9) as follows:

(9)

where a is the cointegration vector and l is the length of lead and lag of the regressor. 

It has been suggested that while a parametric approach is used in the DOLS method, the 
FMOLS method is a non-parametric approach and DOLS provides better results even though it 
does not take into account the cross-section heterogeneity for small samples (Park et. al., 2018: 
30711; Ehigiamusoe & Lean, 2019: 22615). Therefore, the FMOLS method was also used to 
evaluate the cross-sectional heterogeneity and it was desired to compare the results. 

Pedroni (2000: 101-102) proposed the use of FMOLS estimator, which can be used for 
cointegrated panel data models and takes into account the heterogeneity present in fixed effects 
as well as short-run dynamics, to overcome the endogeneity problem of regressors. The panel 
FMOLS estimator used in the present study to determine the coefficients is shown in Eq. (10) 
(Pedroni, 2000: 102-103):

(10)

 is expressed as a lower triangular decomposition of the asymptotic covariance esti-
mate  and xi represents the independent variable. Calculations of  and  in Eq. (10) are 
shown in Eq. (11).  converges to the true value at the rate of :

(11)

 where a represent a weighted sum of autocovariances estimates and  represents the 
contemporaneous covariance estimate (Pedroni, 2000: 99). 

5. Empirical Findings

Cross-section dependency and homogeneity are particularly crucial factors in panel data 
analysis. There may be increases in CO2 emissions in neighbouring countries depending on the 
increase in CO2 emissions in a given country, and this, in turn, may cause cross-section de-
pendency. Slope homogeneity may be a result of country-specific characteristics. Therefore, it 
is highly likely that misleading results will be obtained from estimation techniques that ignore 
homogeneity and cross-sectional dependence.
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Table 1: Results of The Slope Homogeneity Test.

Δ Δadj

Developed Countries 13.127* (0.000) 14.238* (0.000)
Developing Countries 27.206* (0.000) 29.509* (0.000)

* Is statistically significant at 1%. Values in parentheses are p values. 

Table 2: Results of The Cross-sectional Dependence Test.
Developed Country Developing Country

LNCO2 LNFD LNCO2 LNFD
CD Test 28.06* (0.000) 11.00* (0.000) 18.88* (0.000) 17.53* (0.000)

* Is statistically significant at 1%. Values in parentheses are p values. 

Table 3: Results of The Panel Unit Root Test.

Variable Level First Difference Order of 
IntegrationConstant Constant and Trend Constant Constant and Trend

Developed
LNCO2 -0.677 (0.249) -0.926 (0.177) -10.806* (0.000) -8.141* (0.000) I(I)
LNFD 3.690 (1.000) 0.317 (0.625) -7.383* (0.000) -5.775* (0.000) I(I)
Developing
LNCO2 -0.987 (0.162) 1.314 (0.906) -7.881* (0.000) -6.586* (0.000) I(I)
LNFD -0.051 (0.480) -0.727 (0.204) -7.541* (0.000) -5.809* (0.000) I(I)

* Is statistically significant at 1%. Values in parentheses are p values. 

According to the Westerlund (2007) test results shown in Table 4, the null hypothesis 
of no cointegration for developed countries was rejected at the level of 1% according to Gt 
statistics and at the level of 10% according to the Pt statistics. The null hypothesis of no coin-
tegration was rejected at the 5% level according to the Pt statistics for developing countries. 
Therefore, there is evidence for the existence of a long-term relationship between the variables. 

Table 4: Results of The Panel Cointegration Test

Developed Value Z-value P-value
Gt
Ga
Pt
Pa

-3.240
-1.776
-8.541
-2.972

-7.808 
4.727
-1.608 
1.359

0.000
1.000 
0.054
0.913

Developing
Gt
Ga
Pt
Pa

-1.452 
-2.456
-8.317
-4.744

1.663 
3.945
-1.693
-0.531

0.952
1.000
0.045
0.298

Statistics are performed for the fixed model. AIC max lag length: 3, AIC max lead length: 2 and lrwindow: 3. 
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The pooled DOLS and FMOLS results used to estimate the long-term coefficients due 
to cointegration are shown in Table 5. The results of the DOLS estimator showed that financial 
development has a significant positive effect on CO2 emissions at the 1% significance level for 
developed and developing countries. A one-unit increase in financial development causes an 
increase of approximately 2.06% in CO2 emissions in developed countries and an increase of 
approximately 0.65% in developing countries in the long run. In addition, the adjusted R square 
values were quite high, calculated as 75% and 81% for developed and developing countries, re-
spectively. The results for the FMOLS estimator were not statistically significant for developed 
countries. However, FMOLS results did not differ much from DOLS results for developing 
countries. Both the DOLS estimator giving better results for panels with small sample charac-
teristics and the high R square values for DOLS estimation suggested that the results obtained 
from the DOLS estimator were found to be reliable. The countries included in the study are 
very diverse. Herrerias et. al. (2013: 1485) stated that in such a case, the DOLS model over-
comes the difficulties by allowing for heterogeneity. It is also reported that the DOLS estimator 
is the best estimator in the case of cross-sectional dependence (Herrerias et. al., 2013: 1488). 
Finally, the results of the individual DOLS estimation were included in the study, aiming to 
reveal any difference between the countries.

Table 5: Results of Pooled DOLS and FMOLS Tests.

DOLS FMOLS
Coef. Rescaled S.E. z-value Coef. Rescaled S.E. z-value

Developed FD
Constant
R2

Adj. R2

2.056326*
9.681878*

0.8853
0.7516

0.3879706
1.947511

5.30 
4.97

0.2159256
18.89626*

0.0240
0.0333

0.3531586
1.764318

0.61
10.71

Developing FD
Constant
R2

Adj. R2

0.6465936*
17.28198*

0.9127
0.8110

0.0698997  
0.2892078

9.25
59.76

0.7530455*
16.83351*

0.6415
0.6205

0.1497784  
0.616583

5.03
27.30

* Is statistically significant at 1%. Lag length is selected as 3 and lead length is selected as 2. Westerlund (2007) refers 
to the model chosen after the cointegration test. Bartlett Kernel, Newey-West fixed bandwidth was used for coefficient 
covariance.

According to the results shown in Table 6 regarding the individual DOLS estimation, 
FD negatively affects CO2 emissions in approximately 55% and 24% of developed and de-
veloping countries, respectively. The reason for the high positive effect in the pooled DOLS 
results may be that the increasing effect of FD on CO2 emissions is quite high in Belgium, 
Denmark, South Korea, and the United States (even greater than in developing countries). 
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Table 6: Result of The Individual DOLS Parameter Estimates

Developed Country Developing Country
Country Coef. Country Coef. 
Australia
Austria
Belgium
Germany
Denmark
Spain
Finland
France
Hong Kong
Ireland
Israel
Italy
Japan
South Korea
Netherlands
Norway
New Zealand
Poland
Portugal
Singapore
Sweden
United States

0.13*
-2.19*
1.60*
0.37*
2.45*
-0.52*
0.59*
-1.26*
0.01
-0.08***
-1.12**
-0.58*
-0.15***
1.49*
-2.29*
0.16*
0.55*
-0.19***
-0.06
-1.34*
-0.87*
1.89*

UAE
Brazil
Chile
China
Colombia
Czechia
Egypt
Greece
Hungary
Indonesia
India
Iceland
Mexico
Malaysia
Pakistan
Philippines
Qatar
Romania
Thailand
Turkiye
South Africa

0.78*
0.38*
1.44*
0.76*
0.77*
-0.61*
-0.52*
-0.15*
0.41*
1.49*
0.05
0.16*
0.04
1.63*
-0.97*
0.90*
1.19*
-0.74*
1.03*
0.18*
0.65*

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

When similar studies in which DCPSB was used to represent FD are evaluated, empir-
ical findings seem to support studies having found that FD increases CO2 emissions, carried 
out by Maji et. al. (2017) on data from Malaysia; Samour et. al. (2019) on data from Turkiye; 
Faisal et. al. (2020) on data from Brazil, China, and South Africa; Samour et. al. (2022) on 
data from South Africa; and Majumdar & Paris (2022) on data from United Arab Emirates. 
In addition, the findings of the present study are in line with Neog & Yadava’s (2020) results, 
which revealed that FD has no statistically significant effect on CO2 emissions, based on data 
from India. 

The results are extended for the results of studies using DCPS to represent FD. Accord-
ingly, the findings of this study support the finding that FD increases CO2 emissions in the 
case of the United Arab Emirates, Turkiye, and South Africa (Omri, 2013; Çetin et. al., 2018; 
Adebayo & Odugbesan, 2021). The findings of this study are also in line with the study done by 
Abbasi & Riaz (2016), which revealed that FD decreased CO2 emissions in Pakistan. Finally, 
our findings support the results of Park et. al. (2018), which showed that FD increased CO2 
emissions in Hungary and reduced CO2 emissions in Czechia, Finland, and Greece.
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6. Conclusion and Policy Implication

The present study aimed to determine the relationship between CO2 emission and FD in 
22 developed and 21 developing countries between the years 2001 and 2020. Slope homogenei-
ty and cross-section dependence are particularly important in order not to cause false inferences 
for panel data models. In this study, the CD test was used to evaluate the cross-section depend-
ence, and the delta tests were used to assess the slope homogeneity. Due to the slope heteroge-
neity of the series in question and the presence of cross-section dependence in the dataset, the 
CIPS test was used to identify the order of integration. The unit root test results showed that the 
integration order of the series is first differences for all models. Westerlund (2007) cointegra-
tion tests were used to investigate if there existed a cointegration relationship after the calcula-
tions on data characteristics. Having revealed the existence of a long-term relationship between 
the series, DOLS and FMOLS methods were used for long-term coefficient estimations. 

FMOLS and DOLS suggested a positive effect of FD on CO2 emissions. Since statisti-
cally more significant results were obtained, individual statistics on the DOLS estimator were 
examined. As a result, it was revealed that FD reduced CO2 emissions in approximately 55% of 
developed countries and approximately 24% of developing countries, which revealed that FD 
can contribute to reducing CO2 emissions. However, it was also found that FD significantly in-
creases CO2 emissions in some developed countries, namely Belgium, Denmark, South Korea, 
and the United States. Moreover, these effects were found to be even greater than in developing 
countries. In this respect, the validity of the EKC hypothesis may be deemed doubtful.

The findings of this study highlight the importance of the efficient use of FD in reducing 
CO2 emissions. Governments of countries where FD serves to increase CO2 emissions should 
work on incentive policies to convert bank credits into renewable investments. In addition, 
credit to the private sector businesses that may pollute the environment should be kept limited 
or tied to strict rules. Achieving this may help to decrease the costs of companies and CO2 
emissions in the long run and accelerate economic growth. 

Lastly, the scope of this study may be extended by using different FD indicators. In ad-
dition, the effect of FD on CO2 emissions may be determined individually for each sector and 
problematic sectors can be identified.
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