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ABSTRACT 

Climate changes as a result of environmental degradation have negative effects in many areas. Many studies 

in the economics literature have examined the effects of these negativities from different perspectives. In this 

study, the relationship between financial innovation and CO2 emission, which is newly used in the literature, is 

examined for 14 OECD member countries. LLC and IPS unit root tests, Pedroni and Kao cointegration tests 

and FMOLS estimator were used in the analyses for the period between 2009 and 2019. According to the 

findings obtained from the analyses, it is seen that financial innovation, economic growth and urbanization 

have negative effects on CO2 emissions. In addition, in the results of Dumitrescu-Hurlin causality test applied 

in the study, it was determined that there is a bidirectional causality relationship between economic growth, 

urbanization and CO2 emissions, and a unidirectional causality relationship between financial innovation and 

CO2 emissions. In this direction, it is considered important that companies and governments should act 

together. It is considered that the creation of green loans by financial intermediaries for environmentally 

sensitive projects can encourage investors. In order to prevent environmental degradation from a holistic 

perspective, the government should take measures such as subsidies and tax reductions to encourage 

environmentally friendly projects. 

 

 

 

ÖZET  

Çevresel bozulmalar sonucunda meydana gelen iklim değişiklikleri birçok alanda olumsuz etkiler 

oluşturmaktadir. Ekonomi literatüründe birçok çalişma farkli açilardan bu olumsuzluklarin etkileri 

incelenmiştir. Bu çalişmada literatürde yeni kullanilan finansal inovasyon ile CO2 emisyonu arasinda ilişki 

OECD üyesi 14 ülke için incelenmiştir. 2009 – 2019 yillari arasindaki dönem için yapilan analizlerde LLC ve 

IPS birim kök testleri, Pedroni ve Kao eşbütünleşme testleri ve FMOLS tahmincisi kullanilmiştir. Analizlerden 

elde edilen bulgulara göre finansal inovasyon, ekonomik büyüme ve kentleşmenin CO2emisyonu üzerinde 

negatif etkili olduğu görülmektedir. Ayrica çalişmada uygulanan Dumitrescu-Hurlin nedensellik testi 

sonuçlarinda ekonomik büyüme, kentleşme ve CO2 emisyonu arasinda çift yönlü, finansal inovasyon ile CO2 

emisyonu arasinda tek yönlü nedensellik ilişkisi olduğu tespit edilmiştir. Bu doğrultuda firmalarin ve 

hükümetlerin birlikte hareket etmesi gerektiği önemli görülmektedir. Finansal aracilarin çevreye duyarli 

projelere yönelik yeşil kredileri oluşturmalari yatirimcilari teşvik edebileceği değerlendirilmektedir. Çevresel 

bozulmanin bütüncül bir bakiş açisiyla önlenebilmesi için ise devlet çevre dostu projeleri teşvik etmek üzere 

sübvansiyon ve vergi indirimleri gibi önlemleri almalidir. 
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1. INTRODUCTION 

Increases in heat waves, droughts and floods caused by climate change are affecting many regions and billions of 

people around the world. Despite a temporary decline in carbon dioxide emissions (CO2) in 2020, energy-related 

CO2 increased by approximately 6% in 2021 as the demand for coal, oil and natural gas increased with the 

resumption of economic activity. Based on available data, global emissions are projected to increase by around 

14% over the next decade. For this reason, it is accepted that the joint efforts of governments, the private sector 

and non-governmental organizations (NGOs) have a key role in preventing global environmental disasters (United 

Nations Secretary-General, 2022:19).  

Under pressure from environmental degradation (ED) and social tensions, the Sustainable Development Goals 

(SDGs) for 2030 were endorsed in the last quarter of 2015, requiring nations to make efforts to combat climate 

change and its impacts. In December 2015, the Paris Climate Conference (COP21) was held to tackle global 

climate change and the Paris Agreement was adopted. Specifically, COP21 placed finance at the center of the 

solution to ED. Accordingly, it is aimed to develop green finance to provide financial support for low-carbon 

infrastructure investments, technological investments and other solutions to prevent ED (United Nations, 2015: 

1; Lv & Li, 2021: 1). At this point, the relationship between finance and the environment needs to be put forward 

correctly. A well-functioning financial system affects environmental quality in three ways. First, stock market 

development enables listed companies to reduce financing costs, diversify risk and optimize their asset/liability 

structure. Secondly, financial development (FD) helps attract foreign direct investments (FDIs) and realize 

economic growth (GDPPC). However, this leads to an increase in CO2 along with GDPPC. Thirdly, FD may 

provide the opportunity to adopt energy-saving production methods and environmentally-friendly consumption 

products (Ye et al., 2021: 1234).  

As stated in the majority of theoretical and empirical studies today, it is not possible to explain the financial system 

and its development in terms of a few types of securities and a few basic financial institutions. Because today 

there is a wide variety of different financial products, many different types of financial institutions and the 

processes that these institutions use to do business (Tufano, 2003: 313). Accordingly, through the differentiation 

of financial opportunities, financial innovation (FINI) has emerged as a tool to explore financial progress (Nazir 

et al., 2020). FINI, which has shown a significant rise since the 1980s, is defined as a driving force that pushes an 

economic system towards higher economic competence in order to align it with the economic benefits arising 

from the evolving economic environment (Khan et al., 2021: 2).  

To suffice innovation initiatives within a country, these products need to meet financial needs. Following the 

invention and diffusion components of innovation, FINI is realized through product and process innovations that 

are subject to the demand of nations’ economic systems. While innovation efforts are directed at combating 

climate change, the financialization of these efforts is also expected to require certain levels of innovation. This 

neo-financialization channel is important because of the risk associated with projects. From this perspective, it is 

recognized that FINI can have a significant impact on ED, albeit through an indirect channel (Chisti & Sinha, 

2022: 3).  

This study will investigate the impact of FINI, GDPPC, and urbanization (URBN) on CO2 in OECD member 

countries between 2009 and 2019. The study will contribute to the literature by selecting countries that rank high 

in the environmental performance index, energy-intensive production in these countries and using industry-based 

research and development (R&D) expenditure statistics in the commercial enterprise sector according to the 

International Standard Industrial Classification (ISIC) revision 4 instead of “loans to the private sector”, which is 

frequently used in the literature to represent FD. The reason for choosing the 2009-2019 period in the study is the 

availability of financial innovation data generated by the OECD with a different calculation method between these 

years. In addition, the reason for using OECD countries in this study is that the countries with financial innovation 

data are limited to OECD member countries. This motivated study consists of four sections. In the first section, 

the scope of the study is explained by giving brief and descriptive information about the subject. The second 

section reviews the current literature on the subject of the study. The third section, model, data and methodology, 

presents information about the model, study constraints and analysis methods used in the study. The fourth section 

presents the evaluation and interpretation of the empirical results obtained from the analysis. Finally, in the 

conclusion and discussion section, the compatibility of the results with the literature will be evaluated and 

appropriate policy recommendations will be made. 
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2. LITERATURE REVIEW 

In recent years, there have been many studies on environmental pollution (EP) in the economics literature. In 

these studies, the relationship between GDPPC and the environment is particularly emphasized and the 

Environmental Kuznets Curve hypothesis is tested. However, recent studies analyze the impact of different 

variables such as globalization, financial development, technology, renewable energy consumption (REC) on EP 

as potential determinants of ED. Since the relationship between FINI and EP will be evaluated in our study, studies 

with other variables will not be included in this section. Accordingly, in this section of the study, the studies 

analyzing the relationship between FD and EP in relation to our research topic will be discussed chronologically. 

Firstly, studies conducted on countries other than OECD countries and secondly, studies conducted for OECD 

countries will be analyzed. 

Among the studies conducted for non-OECD countries, Omri et al. (2015) examined the relationship between FD, 

trade, GDPPC and CO2 for a panel of 12 MENA countries. For the 1990-2011 period, the study found that the 

neutrality hypothesis was valid between FD and CO2. Abbasi & Riaz (2016) for Pakistan investigated the impact 

of economic and FD on CO2 for the period 1988-2011 using the ARDL bounds test method. The results of the 

study revealed that FD increased CO2. However, it was stated in the study that FD did not reach the desired level 

and it would have been useful to develop new policies to reach this level. In the study of Salahuddin et al. (2018), 

the 1980-2013 period for Kuwait was analyzed and the relationship between GDPPC, electricity consumption, 

FDI, FD and CO2 was investigated. In the study, the relationship between the variables was tested by applying 

the ARDL bounds test approach and it was found that a cointegration relationship existed between the series. The 

findings indicated that GDPPC, electricity consumption and FDIs had a decreasing effect on CO2. However, no 

statistically significant relationship between FD and CO2 was found in the analysis. Park et al. (2018) investigated 

the relationship between internet use, electricity consumption, GDPPC, trade openness (TO) and FD, and CO2 

over the period 2001-2014 for EU countries. Using the pooled mean group estimation method for panel data, the 

study concluded that internet use and electricity consumption had a positive effect on ED, while GDPPC, TO, and 

FD had a negative effect. Acheampong (2019) investigated the direct and indirect effects of FD on CO2 for 46 

Sub-Saharan African countries for the period between 2000 and 2015. Among the indicators used to represent 

FD, broad money, domestic loans to the private sector and domestic loans to the private sector by banks were 

found to increase CO2. On the other hand, it was revealed that FDI liquid liabilities and domestic credit extended 

by the financial sector to the private sector did not affect CO2. Mohammed Saud et al. (2019) analyzed the impact 

of energy consumption (EC), public expenditures and FD on CO2 for Venezuela for the period 1971-2013 with 

the ARDL bounds test approach. The results of the analysis indicated that EC and public expenditures had a 

positive effect on environmental pollution. On the other hand, it was concluded that FD prevented ED in 

Venezuela. Zhoa & Yang (2020) investigated the relationship between the FD index of cities created since 2001 

and CO2 on a city basis. Panel analysis results revealed that an increase in the level of regional FD significantly 

reduces CO2. The study also found that there was a bilateral causality between regional FD and CO2 in the long 

run. Ozturk et al. (2020) analyzed the relationship between CO2 emissions and economic growth, financial 

development and income inequality for Turkey for the period 1987-2019 using the NARDL method. The findings 

of the study show that financial development has a positive effect on CO2 emissions. 

Khezri et al. (2021) comprehensively examined the direct and spillover effects of FD on regional CO2 with spatial 

econometric models in 31 Asia-Pacific countries in the period between 2000-2018. The study found that GDPPC, 

TO, energy intensity and URBN had a reducing effect on CO2. On the other hand, it was concluded that the six 

FD criteria used in the study positively affected CO2. In the results of the analysis of spatial effects, it was seen 

that neighboring countries had a significant effect on the CO2 of the other country. Ye et al. (2021) examined the 

relationship between FD and CO2 for Malaysia over the period 1987-2020. The results of the ARDL bounds test 

approach revealed that population growth, GDPPC, EC and FD had a positive effect on CO2. In their 

comprehensive study, Khan & Ozturk (2021) investigated the relationship between FD and CO2 in 88 developing 

countries over the period between 2000 and 2014. Using five different FD indicators, the study found that FD had 

a negative impact on environmental pollution in selected countries. The study also revealed that FD reduced the 

negative effects of income, TO, and FDI on CO2. In a study of 97 countries, Lv & Li (2021) investigated whether 

there was a spatial correlation between FD and CO2 in the 2000-2014 period. The findings indicated that FD had 

a significant impact on reducing CO2 and that the environmental performance of a country neighboring nearby 

countries with high FD would have been positively affected. Okumuş & Erdoğan (2021) tested the environmental 

kuznet curve hypothesis for 6 countries in the top twenty in terms of tourism GDP in the period 1995 - 2014. As 

a result of the analysis, it was concluded that economic growth, energy consumption and trade reduce 
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environmental pollution in the long term. Erdogan et al. (2022) examined the effect of cryptocurrencies on 

environmental pollution through Ripple, Bitcoin and Ethereum. In their study, Bitcoin and Ethereum, excluding 

Ripple, had causal effects on environmental degradation. Pata et al. (2023) analyzed the effect of urbanization on 

achieving sustainability targets in the period between 1970 and 2018 in their study on the German sample. The 

results obtained indicate that it reduces environmental pollution in the short and long term. Erdoğan et al. (2023) 

examined the impact of economic growth, renewable energy investments and technology on the environment in 

the G7 countries between 2004 and 2018 with second generation analysis methods. The study reveals that 

economic growth is an important factor in reducing environmental pollution. 

Among the recent studies for OECD countries, Lee & Chen (2015) analyzed the relationship between CO2 and 

EC, GDPPC and FD for 25 OECD countries for the period 1971-2007 using FMOLS (Fully Modified Ordinary 

Least Square) method. The findings indicated that the ECA was not valid and FD had a negative effect on CO2 

in eight countries, namely Austria, Denmark, Germany, Ireland, Ireland, the Netherlands, Norway, Portugal and 

the USA. Halkos & Polemis (2017) analyzed the relationship between FD and ED for the period 1970-2014. It is 

understood that the effect of FD on CO2 was positive and statistically significant. Ganda (2019) analyzed the 

impact of FD on ED for the period 2001-2012 using static models and system GMM analysis. In the study, FDI, 

banks’ domestic loans to the private sector and domestic loans to the private sector were considered as three 

indicators of FD. The findings indicated that banks’ loans to the private sector had a negative impact on CO2. On 

the other hand, the effect of domestic loans to the private sector, GDPPC and FDI on CO2 was positive. In another 

study, Ganda (2020) analyzed the impact of FDI, GDPPC and FD on the environment in 26 OECD countries in 

the period 2000-2014. The findings of the study showed that FDI and FD have a negative effect on CO2, while 

GDPPC had a positive effect. In another study by Zafar et al. (2019), the impact of EC, globalization and FD on 

the environment in 27 OECD countries in the period between 1990-2014 was analyzed. It was found that the EKC  

hypothesis was valid and globalization and FD had a negative impact on CO2. In addition, the causality test 

applied in the study showed that there was a unilateral causality from CO2 emission to FD. Shobande et al. (2022) 

conducted a study for 24 OECD countries and investigated the impact of FD and EC on environmental 

sustainability for the period 1980-2019 using the Standard Fixed Effects and Arellano-Bover/Bundell Bond 

dynamic panel approach. The empirical results revealed that FD and FDI had a negative impact on CO2 within 

the scope of the basic model. Szymczyk et al. (2021) analyzed the relationship between GDPPC, EC, URBN, TO, 

and FD and CO2 for OECD countries ranked high in the environmental performance index over the period 1990-

2014. The findings indicated that there was a positive and statistically significant relationship between GDPPC, 

EC, URBN, and CO2. The study also concluded that there was no statistically significant relationship between 

TO, and CO2, while FD had a negative impact on CO2. Dagar et al. (2022) investigated the impact of FD, natural 

resources, industrial production, REC and total reserves on ED for 38 OECD member countries. The results of 

the study for the period 1995-2019 indicated that REC and natural resources had a negative impact on ED, while 

FD, industrial production and total reserves had a positive impact on ED. Jianguo vd. (2022) investigated the 

impact of institutional quality, technological innovation, and FD on the environment for 37 OECD countries for 

the period between 1998 and 2018. Empirical results indicated that FD had a positive impact on CO2. In addition, 

the study concluded that institutional quality and technological innovation reduced ED. In the study examining 

the impact of green finance and green innovation on the environment, Umar & Safi (2023) stated that the impact 

of green finance and innovation on CO2 for the period 1990-2020 was negative and statistically significant. 

Erdogan et al. (2023), in their study for 25 OECD countries, examined the effects of economic growth and 

renewable and non-renewable energy consumption on environmental pollution with both first-generation and 

second-generation analysis methods. The findings obtained in the study show that in the long term, economic 

growth has an increasing effect on environmental pollution and renewable energy consumption has a reducing 

effect on environmental pollution. 

Finally, Yuan et al. (2021), one of the few studies examining the relationship between FINI and CO2, examined 

the relationship between FINI and green innovation in 23 OECD countries for the period 1994-2009. The results 

indicated that FINI supported green innovation in more technology-intensive sectors. The study also stated that 

the effect of FINI on green innovation had an incentive effect in countries with stricter environmental regulations 

and lower banking competition. Chisti & Sinha (2022) analyzed the impact of technology and FINI on CO2 for 

BRICS countries using the second-generation Augmented Mean Group (AMG) and Common Correlated Effect 

Mean Group (CCEMG) approach. The results indicated that firstly, positive shocks from FINI had a negative 

impact on CO2, while negative shocks had a positive impact. Secondly, positive shocks in technological 

innovation were found to be significantly effective in reducing CO2, while negative shocks had no effect.  
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3. METHODOLOGY 

The study aims to examine the impact of FINI, GDPPC and URBN on CO2 for OECD countries for the period 

2009-2019. In the study, common data for 14 OECD member countries (Belgium, Canada, Czechia, Finland, 

Finland, Germany, Italy, Lithuania, Norway, Portugal, S. Korea, Spain, Turkey, the UK, the USA) are obtained 

and the analysis covers these countries. In the study, the model created within the framework of Chisthi & Sinha 

(2022) is as follows; 

𝑙𝑛𝐶𝑂2𝑖𝑡
= 𝛼0 + 𝑎1𝑙𝑛𝐹𝐼𝑁𝐼𝑖𝑡 + 𝑎2𝑙𝑛𝐺𝐷𝑃𝑃𝐶𝑖𝑡 + 𝛼3𝑙𝑛𝑈𝑅𝐵𝑁𝑖𝑡 + 𝑢𝑖𝑡                   (1) 

Detailed information on the variables used in the analysis can be found in Table 1. 

Table 1. Information on the Dataset 

Variable Name Description Source 

lnCO2 CO2 emissions (kg per 2015 US$ of GDP) WDI 

lnFINI Total BERD / Financial and Insurance Activities 2015 US$ OECD 

lnGDPPC GDP per capita (constant 2015 US$) WDI 

lnURBN Urban population WDI 

Methodologically, the stationarity of the series used in the study will first be investigated with Levin, Lin & Chu, 

(2002) (LLC), Im, Pesaran & Shin (IPS) unit root tests. Cointegration analysis between the series will be examined 

with the Pedroni and Kao cointegration test. FMOLS coefficient estimator will be used to determine the direction 

and coefficient of the cointegration relationship of the variables. The causality between the variables will be 

investigated with the Dumitrescu-Hurlin (D-H) causality test.  

The Levin, Lin & Chu (2002) unit root test, which is used to determine the stationarity of the series in the study, 

claims that individual unit root tests have boundary power against the alternative hypothesis and that there are 

also quite persistent deviations from equilibrium. It is recognized that this will be even more severe in small 

samples. LLC proposes a more robust unit root test for each cross-section against individual unit root tests. In this 

test, the null hypothesis states that each individual time series has a unit root, while the alternative hypothesis 

states that each time series is stationary (Baltagi, 2005: 40). According to the Im, Peseran & Shin test, which 

proposes an alternative panel unit root test to the LLC, which proposes to apply the unit root test only to 

homogeneous cross-sections, the ADF is calculated for each individual in the panel and the average ADF test 

statistic is calculated. With T time-series and N cross-sections, the stochastic process yi,t is defined as follows in 

the first order autoregressive process (Göral, 2015:110). 

In this study, the long-run cointegration of variables will be analyzed with the Pedroni cointegration test. In panel 

data analyses, it is widely used to test the existence of long-run cointegration between variables. The Pedroni 

cointegration tests (1999 & 2004) test the null hypothesis of zero cointegration for the case with multiple 

regressors and provide appropriate critical values for these cases. The tests allow for considerable heterogeneity 

across individual members of the panel, including both heterogeneity in the long-run cointegrating vectors and 

heterogeneity in the dynamics associated with short-run deviations from these cointegrating vectors. 

The Pedroni cointegration test proposes two groups of tests to be applied to determine the cointegration 

relationship: panel tests and group tests. The formulation of test statistics is presented in Table 2. 
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Table 2. Pedroni Cointegration Test Statistics 

Within-dimension  
P

a
rt

 O
n

e 

Panel v-statistic 
𝑇2𝑁3/2𝑍𝑣𝑁,𝑇 ≡  𝑇2𝑁3/2 (∑ ∑ 𝐿1 1𝑖

−2𝑇
𝑡=1

𝑁
𝑖=1 𝑒𝑖,𝑡−1

2 )-1 

 

Panel p-Statistics 
𝑇√𝑁 𝑍𝑃𝑁,𝑇−1 ≡ 𝑇√𝑁(∑ ∑ 𝐿1 1𝑖

−2𝑇
𝑡=1

𝑁
𝑖=1 𝑒𝑖,𝑡−1

2 )-1 

 

Panel t-statistic 

(Nonparametric) 

𝑍𝑡𝑁,𝑇 ≡  (𝜎𝑁,𝑇
∗2  ∑ ∑ 𝐿1 1𝑖

−2𝑇
𝑡=1

𝑁
𝑖=1 𝑒𝑖,𝑡−1

2 )-

1/2∑ ∑ 𝐿1 1𝑖
−2  (𝑒𝑖,𝑡−1

∗ ∆𝑒𝑖𝑡 − 𝜆𝑖)𝑇
𝑡=1

𝑁
𝑖=1  

Panel t-statistic 

Parametric 
𝑍𝑡𝑁,𝑇

∗ ≡  (𝑆𝑁,𝑇
∗2 ∑ ∑ 𝐿1 1𝑖

−2𝑇
𝑡=1

𝑁
𝑖=1 𝑒𝑖,𝑡−1

2 )-1/2∑ ∑ 𝐿1 1𝑖
−2𝑇

𝑡=1
𝑁
𝑖=1 𝑒𝑖,𝑡−1

∗ ∆𝑒𝑖𝑡
∗  

Between-dimension 

  
  
P

a
rt

 T
w

o
 

Group-p Statistics 
𝑇𝑁−1/2𝑍𝑃𝑁,𝑇−1 ≡  𝑇𝑁−1/2 ∑ (∑ 𝑒𝑖,𝑡−1

2𝑇
𝑡=1 )𝑁

𝑖=1
-

1∑ (𝑒𝑖,𝑡−1∆ 𝑒𝑖𝑡 − 𝜆𝑖)𝑇
𝑡=1

 

Group-t Statistic 

(Nonparametric) 

𝑁−1/2𝑍𝑃𝑁,𝑇−1 ≡  𝑁−1/2 ∑ (𝜎𝑖
2 ∑ 𝑒𝑖,𝑡−1

2𝑇
𝑡=1 )𝑁

𝑖=1
-1/2 

∑ (𝑒𝑖,𝑡−1∆𝑒𝑖𝑡 − 𝜆𝑖)𝑇
𝑡=1

 

Group-t Statistic 

(Parametric) 
𝑁−1/2𝑍𝑃𝑁,𝑇−1 ≡  𝑁−1/2 ∑ (∑ 𝑠𝑖

∗2𝑒𝑖,𝑡−1
2∗𝑇

𝑡=1 )𝑁
𝑖=1

-1/2∑ 𝑒𝑖,𝑡−1
∗ ∆𝑒𝑖𝑡

∗𝑇
𝑡=1  

Source: Pedroni, (1999).  

In this study, the FMOLS method developed by Pedroni is used to analyze the effect of independent variables on 

dependent variables. This method was developed to examine the asymptotic properties of cointegration 

regressions in dynamic panels with common cointegration vectors and to overcome the complications of 

parameter heterogeneity and the presence of fixed effects among individual members in dynamic panels. 

The panel regression model based on the FMOLS method is as follows 

𝑌𝑖𝑡 =  𝛼𝑖 + 𝛽𝑥𝑖𝑡 +  𝜇𝑖𝑡                                         (2) 

𝑋𝑖𝑡 =  𝑋𝑖𝑡−1 +  𝜀𝑖𝑡                                  (3) 

where the vector error process 𝜉𝑖𝑡 = 𝜇𝑖𝑡 , 𝜀𝑖𝑡  asymptotic covariance matrix Ω𝑖 is stationary. Thus 𝑋𝑖𝑡,   𝑌𝑖𝑡  
cointegration vector of the variables for each member of the panel 𝛽 with 𝑌𝑖𝑡 is cointegrated if it is integrated of 

the first order. 𝛼𝑖 allows the cointegration relationship to include member-specific fixed effects. In line with the 

cointegration literature, this method does not require the exogeneity of regressors. Also, as always 𝑋𝑖 can be an 

m-dimensional vector of regressors that are generally not cointegrated with each other. In summary, FMOLS 

explores methods for testing and inferring cointegration vectors in heterogeneous panels based on FMOLS 

principles. When properly constructed to account for potential heterogeneity in idiosyncratic dynamics and the 

fixed effects associated with such panels, the asymptotic distributions for these estimators will be centered around 

the true value and free of disturbing parameters. Moreover, based on Monte Carlo simulations, it has been found 

that the t-statistic generated from the cross-dimensional group mean estimator in particular performs very well 

with relatively small sample size distortion (Pedroni, 2000: 98). 

We use the Dumitrescu & Hurlin (2012) panel causality test, which proposes a simple Granger causality test for 

heterogeneous panel data models with constant (rather than time-varying) coefficients. Within the framework of 

a linear autoregressive data generating process, extending standard causality tests to panel data requires testing 

cross-sectional linear restrictions on the coefficients of the model. As always, the use of cross-sectional 

information can extend the set of information on causality from one particular variable to another. Indeed, for 

many economic issues, if causality exists for one country or individual, it is likely to exist for some other country 

or individual. In this case, causality can be tested more efficiently in a panel context with NT observations. 

However, the use of cross-sectional information involves taking into account heterogeneity across individuals in 

the definition of causality (Dumitrescu & Hurlin, 2012: 1452-1453). The Panel Causality test, which is a simple 

adaptation of the bivariate causality test developed by Granger, is based on the average of individual Wald 

statistics computed for cross-sectional units in the context of Granger causality. First, this statistic is shown to 

converge sequentially to a standard normal distribution. Second, the quasi-asymptotic distribution of the mean 

statistic is defined for a fixed sample T. However, a standard statistic based on the estimation of the moments of 

the Wald statistics is proposed. In the third stage, Monte Carlo tests confirm that standard panel statistics have 

very good small sample properties even in the presence of cross-sectional dependence (Arıcı, 2015: 84). 
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4. ANALYSIS RESULTS 

In this section, the results of the analysis conducted to determine the relationship between FINI, GDPPC and 

URBN and CO2 in OECD member countries will be evaluated. Firstly, the results of Levin, Lin & Chu (2002), 

Im, Peseran & Shin (2003) unit root tests, which test the stationarity of the series, which is the most important 

issue in time series and panel data analyses, are presented in Table 3. 

Table 3. Panel Unit Root Tests Results 

Tests LLC IPS 

Level 
Constant Constant 

t-statistic Probability t-statistic Probability 

ln CO2 -0.664 0.253 3.459 0.999 

lnFINI -0.588 0.278 -1.127 0.129 

lnGDPPC -1.362c 0.086 1.640 0.949 

lnURBN -2.134b 0.016 2.173 0.985 

Difference Values     

∆lnCO2 -9.814a 0.000 -6.828a 0.000 

∆lnFINI -10..677a 0.000 -6.088a 0.000 

∆lnGDPPC -9.155a 0.000 -4.424a 0.000 

∆lnURBN -3.490a 0.000 -2.531a 0.005 

Note: Δ : denotes the first difference of the series. (a) significant at 1% level, (b) significant at 5% level, (c) significant at 10% level. 

Logarithms of the variables are taken and unit root tests are applied for both level and first differences. The 

maximum lag lengths that eliminate the problem of autocorrelation among errors are determined by the Schwarz 

information criterion. In addition, the Bartlett Kernel method is used along with the Newey-West bandwidth 

selection when calculating the LLC test. According to the results of the panel unit root test in Table 2, according 

to LLC and IPS unit root tests, (CO2) carbon dioxide per capita and (FINI) financial innovation rate are non-

stationary at level. In the results of other variables, (GDPPC) national income per capita and (URBN) URBN are 

found to be non-stationary according to the LLC method, but non-stationary according to the IPS method. 

Therefore, the difference process was applied to the series and it was observed that all series were stationary at 

the 1% level at the first difference level. 

Table 4. Panel Cointegration Tests Results 

Pedroni Panel 

Cointegration Test 

 Weighted 

t-statistic Probability t-statistic Probability 

Panel v-statistic -0.116 0.546 -1.110 0.866 

Panel rho-statistic 0.958 0.831 1.394 0.918 

Panel PP-statistic -4.713*** 0.000 -4.667*** 0.000 

Panel ADF-statistic -4. 409*** 0.000 -3.150*** 0.000 

Group rho-statistic 2.969 0.998   

Group PP-statistic -8.234*** 0.000   

Group ADF-statistic -6.897*** 0.000   

Kao Panel 

Cointegration Test 
t-statistic Probability 

  

ADF -1.770**  0.038 
  

  
Note: *** indicates significance at 1%, ** at 5%, * at 10% level. 

 

After determining that the series are stationary in the panel unit root test results, the cointegration relations of the 

series are analyzed through Pedroni and Kao cointegration tests. The results of the analysis are presented in Table 

4. According to these results, panel PP and panel ADF statistics from within-group statistics, group PP and group 

ADF statistics from between-group statistics are significant at a 1% significance level, while other within-group 
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and between-group statistics are not significant. Although four of the seven statistics applied in the Pedroni 

cointegration test were significant, the Kao cointegration test was applied as an alternative to support the result. 

Accordingly, the results of the Kao cointegration test were found to be consistent with the results of the Pedroni 

cointegration test. 

The direction and degree of cointegration relationship obtained in the study are analyzed by the FMOLS method. 

The results of the FMOLS method for OECD countries are presented in Table 5. According to the test results, 

FINI, GDPPC and URBN have a negative effect on CO2 in OECD countries during the study period. Therefore, 

it is concluded that FINI, GDPPC, and URBN can reduce environmental pollution in OECD countries. 

Table 5. FMOLS Estimation Results 

Model  𝑙𝑛𝐶𝑂2𝑖𝑡 = 𝛼0 + 𝑎1𝑙𝑛𝐹𝐼𝑁𝐼𝑖𝑡 + 𝑎2𝑙𝑛𝐺𝐷𝑃𝑃𝐶𝑖𝑡 + 𝛼3𝑙𝑛𝑈𝑅𝐵𝑁𝑖𝑡 + 𝑢𝑖𝑡 

Variables Coefficient Probability 

lnFINI -0.122* 0.084 

lnGDPPC -0.844*** 0.000 

lnURBN -0.767*** 0.000 

Note: *** indicates significance at 1%, ** at 5%, * at 10% level. 

When the results obtained are evaluated, it is seen that they are not compatible with the studies of Abbasi & Riaz 

(2016); Çetin & Ecevit (2017); Acheampong (2019); Khezri et al. (2021); Halkos & Polemis (2017); Ganda 

(2019); Çetin & Yüksel (2018); Dagar et al. (2022); Doğan et al. (2023), which examine the relationship between 

FD and CO2. On the other hand, the results of the study are in line with Mohammed Saud et al. (2019); Zhoa & 

Yang (2020); Khan & Ozturk (2021); Kılavuz et al., (2021); Lv & Li (2021); Lee & Chen (2015); Ganda (2020); 

Zafar et al. (2019); Shobande et al. (2022); Shahbaz et al. (2023a). In addition, the results are consistent with Yuan 

et al. (2021); Chisti & Sinha (2022), which examine the relationship between FINI and CO2. When the results of 

the relationship between economic growth and CO2 emissions are evaluated, it is understood that it is compatible 

with the studies of Şeker et al. (2015); Shahbaz et al. (2023b); Çetin et al. (2020); Dong et al. (2018); Ertugrul et 

al. (2016). When the relationship between urbanization and CO2 emissions is examined, it is determined that the 

results of the analysis are not compatible with the studies of Çetin et al. (2022); Raza et al. (2023), whereas they 

are compatible with the studies of Rasool et al. (2022); Ullah et al. (2023); Zheng et al. (2023). 

Finally, the causality between the variables in the model constructed in the study is analyzed by the D-H panel 

Granger causality test. The results of D-H causality test are presented in Table 6. 

Table 6. D-H Granger Causality Test Results 

Null Hypothesis 
Wald 

Statistic 
Z-bar Statistic Probability 

𝑙𝑛𝐹𝐼𝑁𝐼 ↛  𝑙𝑛𝐶𝑂2 2.236 1.117 0.263 

𝑙𝑛𝐶𝑂2 ↛  𝑙𝑛𝐹𝐼𝑁𝐼 2.932** 2.047 0.040 

𝑙𝑛𝐺𝐷𝑃𝑃𝐶 ↛  𝑙𝑛𝐶𝑂2 5.235*** 5.125 0.000 

𝑙𝑛𝐶𝑂2 ↛  𝑙𝑛𝐺𝐷𝑃𝑃𝐶 3.530*** 2.846 0.004 

𝑙𝑛𝑈𝑅𝐵𝑁 ↛  𝑙𝑛𝐶𝑂2 11.576*** 13.599 0.000 

𝑙𝑛𝐶𝑂2 ↛  𝑙𝑛𝑈𝑅𝐵𝑁 4.077*** 3.577 0.000 

Note: *** indicates significance at 1%, ** indicates significance at 5%, * indicates significance at 10% level. 

The D-H causality test results in Table 6 show that there is a unilateral causality between FINI and CO2 and this 

relationship is from CO2 to FINI. In other results, there is a strong bilateral causality between GDPPC and URBN 

and CO2. In line with these results, it is understood that URBN and GDPPC are effective factors on EP. The 

results obtained are consistent with the studies of Çetin & Ecevit (2015); Shahbaz et al. (2016); Çetin et al. (2018); 

Topcu et al. (2023). 
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5. CONCLUSION 

Following the invention and diffusion components of innovation, FINI is also realized through product and 

process innovations that are subject to the demand of nations’ economic systems. Since the development of the 

pollution trading market, FINI has been envisioned as a means to finance environmental projects. In the US, FINIs 

such as debt-for-nature swaps and individually transferable fishing quotas are among the policies introduced to 

prevent ED. In addition, allowing the trading of renewable energy certificates in the secondary market also plays 

an important role in renewable energy solutions. Thanks to these innovative financial products, a significant 

portion of developed countries have started to reduce their dependence on fossil fuels (Chisti & Sinha, 2022). 

Although many studies have been conducted to examine the relationship between FD and ED, there are few 

studies with data prepared with a different method and perspective. This study analyzes the relationship between 

FINI and CO2 for OECD countries in order to make a different contribution to the literature. The model also 

investigates the impact of GDPPC and URBN on CO2. Pedroni and Kao cointegration method and FMOLS 

estimator, which are first generation data analysis methods, are used in the study. The analysis shows that GDPPC, 

URBN, and FINI have a negative impact on CO2 in 14 OECD countries with common data for the period covering 

2009-2019. Accordingly, it is evaluated that FINI may have an important role in preventing ED in these countries. 

When the findings of the analyses and the literature are analyzed, policy recommendations can be summarized as 

follows. Firstly, policy makers should involve all stakeholders such as firms, managers, relevant public institutions 

and organizations and NGOs in the process of determining environmental policies. Secondly, financial resources 

should be transferred to research and development activities that reduce ED in order to use them more efficiently 

rather than consumer financing. Thirdly, the necessary legislation should be prepared for the necessary incentive 

policies and tax exemptions for the transition to a green economy. 
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APPENDIX 

Appendix 1. List of Abbreviations 

Acronyms    

OECD 
Organization For Economic  

Co-Operation and Development 
CCEMG  Common Correlated Effect Mean Group 

CO2 Carbon Dioxide Emissions FDI   Foreign Direct Investments 

LLC  Levin-Lin ve Chu FINI  Financial Innovation 

IPS  Im-Pesaran ve Shin MENA  Middle East and North Africa 

FMOLS  Fully Modified Ordinary Least Squares ISIC  
International Standard Industrial 

Classification 

NGOs   Non-Governmental Organizations ARDL  Autoregressive Distributed Lag Model 

SDGs   Sustainable Development Goals FD  Financial Development 

ED  Environmental Degradation AMG  Augmented Mean Group 

GDP Gross Domestic Product URBN  Urbanization 

 


