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Abstract

:

Each country designs its own scheme to achieve green financing and, in general, credit is considered to be a fundamental source of greening financial systems. The novelty of this study resides in that we examined green financing initiatives in USA, Canada and Brazil by focusing on major components of the financial systems before, during and after the 2008 world financial crisis. By means of panel data analysis conducted on observations ranging across the period 1970–2018, we investigated variables such as domestic credit from banks, domestic credit from the financial sector, GDP, N2O emissions, CO2 emissions and the value added from agriculture, forest and fishing activities. According to our findings, domestic credit from banks was insufficient to achieve green financing. Namely, in order to increase economic growth while reducing global warming and climate change, the financial sector should assume a bigger role in funding green investments. Moreover, our results showed that domestic credit from the financial sector contributed to green financing, while CO2 emissions remained a challenge in capping global warming at the 1.5 °C level. Our empirical study supports the idea that economic growth together with policies targeting climate change and global warming can contribute to green financing. Over and above that, governments should strive to design sustainable fiscal and monetary policies that promote green financing.
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1. Introduction


The phenomena of climate change and global warming challenge economies around the world to implement major shifts in the way they achieve economic performance. Therefore, sustainable development seems to be a relevant tool to be used for this purpose. Nevertheless, achieving sustainable development has also become demanding in economies nowadays because of inherent contradictions between development and environment. For starters, there is no economic development without environmental degradation. On the one hand, agricultural production improves food security and reduces hunger. On the other hand, intense agriculture production results in more greenhouse gas effect, which in turn increases global warming. According to one of the 17 Sustainable Development Goals adopted by the United Nations organization, ending world hunger should be achieved by 2030. Yet, the world population fighting hunger reached 821 million by 2017, with one in nine people struggling for basic nutrition [1]. Moreover, climate change has been severely affecting agricultural production during recent years.



The United Nations Environment Programme (UNEP) has been supporting the idea of creating a sustainable financial system since 2014 with a purpose of mobilizing capital for sustainable development and achieving a green and inclusive economy [2]. One strategy that has been singled out is green finance. The level of national financial development shapes and boosts green finance through different capital sources and financial institutions. According to the UNEP, three areas of major importance for green finance would be: preventing illicit practices; expanding opportunities of green investments; and discovering solutions and trade-offs.



At the global level, developing economies face serious challenges in mobilizing capital related to green investments. For this category of countries, one source of external capital flow is represented by foreign direct investments (FDI), which generally target projects related to energy, waste, water and agricultural development, and should (ideally) be focused on the long term. In addition to FDI, other sources of external capital flow are concessional loans from international financial institutions, long-term commercial debts, aid and remittances. Another area of challenge for developing countries, which usually have an underdeveloped financial system, is the provision of green investments for infrastructure projects and the provision of credit and insurance with which large- and small-scale economic entities manage risks.



The aim of issuing green bonds is to raise financial resources for climate change initiatives. These fixed-income instruments generally favor climate-friendly activities. The performance of green bonds issued in US dollars and euros has been superior to the one of non-green bonds [3]. In 2019, the green finance market grew considerably in the Latin America and Caribbean region. For that matter, Brazil has the biggest green bond market in the region worth $5.13 billion [4]. Multilateral development banks initiated the issuance of green bonds in the period 2007–2008 with the aim of investing in climate-related projects. Moreover, non-financial corporations play a key role in green finance. Brazil has registered 19 bonds issued by 13 companies amounting to $5.1 billion [4], with a few green bonds targeting agriculture and forestry projects. According to estimates, countries from Latin America and the Caribbean would need funds amounting to $23 trillion by 2030 [5]. In this sense, the Inter-American Development Bank [3] assists the Brazilian government with simplifying the procedures of developing regulations for the issuance of green bonds. There are three public sector entities (i.e., Electrobras, Caixa Econômica Federal and Banco do Basil) that are leading green bond issuers in Brazil, while 67% of green bonds are issued by non-financial corporations.



The covered bond market has a long history of growth and development. From a historical perspective, Prussia issued covered bonds in 1769 and allowed banks to raise funds for housing and land. In 1900, covered bonds were incorporated in the German Mortgage Bank Law and such instruments were issued to finance post-war reconstruction and reunification infrastructure [6]. Covered bonds are collateralized as mortgage loans or public sector loans and the pool value of loans does not exceed 90%. These instruments offer an easy access to capital markets and investors have preferential rights over others in case of bankruptcy.



Based on IMF rankings, Canada was one of the top economies in 2007 and 2016 [7,8]. Among the top 10 climate-aligned bond countries, USA and Canada are ranked as second and fifth. In the USA, Special Purpose Entities (SPE) or Special Purpose Vehicles issue covered bonds. Furthermore, investments in sustainable projects increased from $8.7 trillion in 2016 to $12 trillion in 2018. In Canada, such investments increased from $1.5 trillion in 2016 to $2.1 trillion in 2018 [9].



Nevertheless, a global and comprehensive climate financing strategy is missing even though in 2009 and 2010 the United Nations Framework on Climate Change (UNFCCC) decided to mobilize $100 billion annually by 2020 and established the Green Climate Fund in 2012 [10].



In the context of global warming and climate change, greenhouse gas (GHG) emissions from fossil fuels have been intensively investigated but there are still no reliable data on GHG emissions from agriculture, forestry and other land use [11,12]. GHG emissions result from the burning of crop residues, which consist of methane (CH4) and nitrous oxide (N2O). The largest emitters of GHG come from Asia (50%), America (26%), Africa and Europe (each with 11%) [13].



The importance of our research study stems from the need for investigation of factors such as GDP, domestic credit from banks (DCB) and domestic credit from the financial sector (DCF), three of the most frequent challenges for greening financial systems, especially after the 2008 financial crisis. The novelty of our study consists in that we investigated green financing by focusing on major components of the financial system before, during and after the 2008 crisis. By means of a panel data analysis, along with the abovementioned variables, we also considered the N2O and CO2 emissions and the value added from agriculture, forest and fishing (AFF) activities. The rapidly increasing level of N2O emissions is among the most important triggers of climate change. For that matter, nitrous oxide is considered to be the third long-lived greenhouse gas released in the atmosphere. Nitrous oxide has increased by 10% at the global level in the periods 2000–2005 and 2010–2015, exceeding the estimates of the Intergovernmental Panel on Climate Change.



The main goal of our research investigation, which revolves around the greening of financial systems, is to analyze the relationships between GDP, domestic credits from banks and from the financial sector, CO2 emissions, N2O emissions and the value added from agriculture, forest and fishing, based on data provided by the World Bank. For this purpose, we focused on a country sample including the United States, Canada and Brazil during the period 1970–2018. We used econometric modelling to investigate the significance of the relationships between our variables of interest.



The article is structured as follows. Section 2 surveys the relevant literature on the topic of greening the financial system. Section 3 introduces the estimated econometric models and the results of our study. Section 4 delves into the discussion of the empirical results. Section 5 highlights the main outcomes and addresses policy implications of future studies.




2. Literature Review


The majority of developing countries face the challenge of burning crop residues in agricultural fields. As a case in point, every year during the months of September and October, in the Indian states of Punjab and Haryana crop residues are burned before a second crop based on a rotation system, taking into account the overall cultivation cycle. Hence, the residues become soil fertilizers. Nevertheless, it is challenging to establish a balance between environmental improvements and lucrative economic opportunities [14].



Methane (CH4) and nitrous oxide (N2O) are non-CO2 gases released through bacterial decomposition processes across cropland and grassland soils because of fermentation, management of natural and synthetic fertilizers, rice cultivation, residues burning or decay, organic cultivation technologies, etc. Authors such as Tubiello et al. [15] have analyzed global and regional greenhouse gas data retrieved from the US Food and Agriculture Organization for the period 1961–2010 and found that the ratio between agriculture emissions and fossil fuel emissions has decreased from 17.2% to 13.7%. Moreover, they also have observed the following two aspects: the proportion of net deforestation into the overall amount of fossil fuel emissions has decreased from 19.15% to 10.1%, and, in the period 2000–2010, agricultural emissions produced by developing countries have exceeded those of developed countries.



The literature reports a multitude of studies concluding that the phenomena of global warming and climate change have been amplified by greenhouse gas emissions [16,17]. Nevertheless, according to Alshubiri and Elhehhad [18], economic growth produces more CO2 emissions during the first stages of economic development but subsequently it manages to gradually improve the quality of the environment. This latter result is in accordance with general expectations, since countries with a higher level of development are capable of deploying considerable financial resources to control the effects of such phenomena and implement green technologies.



Within this context, the green finance approach comprises each and every new financial instrument and policy related to green central banks, commercial banks and bonds, fiscal regulations, carbon market mechanisms, community-based green funds, etc. [19] that aim to support sustainable economic activities. Due to its long-term orientation, which benefits society as a whole, green finance is essential for economic development [20] since economic growth and energy consumption are strongly connected [21,22,23,24,25].



In recent years, the topic of green finance has been gaining an increased attention among policy-makers, regional organizations, international bodies, professionals, researchers and the general public [26,27,28]. The rationale for such a growing interest is straightforward. The interplay between extreme weather phenomena triggered by greenhouse gas emissions, the rapidly growing world population, the increased dependency on fossil fuel energy, the interconnectedness of markets and the prospect of jeopardizing the living conditions of future generations calls for a shift towards a sustainable economy. Green finance, through its emphasis on granting investments for green technologies on behalf of financial systems, appears to be a sensible approach. In fact, Falcone [29] stresses that green finance may actually facilitate this transition from a traditional to a more green and sustainable economy. In the same train of thought, Cui et al. [30] advance an evolutionary game model showing that green financial systems foster sustainable development and cleaner manufacturing processes. Moreover, Wang and Zhi [31] address the topic of green finance from the perspective of achieving an ecological balance.



For the purpose of our study, the sample was considered due to the role played by the selected countries on international markets. Hence, the US is a developed country and one of the largest economies according to its GDP. Nevertheless, the US has a major contribution to the rapid increase of the global warming phenomenon. At the same time, Brazil hosts the most extensive forest worldwide (56.5% of its surface) and the sixth largest population in the world. Despite these important geographical and demographic advantages, the massive deforestation trend that has been registered in Brazil during the last years has led to a substantial increase in CO2 emissions. Canada is the second largest country in the world by area and 49.24% of its surface is covered by forests. Out of these three countries, in 2016 the US produced 16% of the world’s CO2, Canada was responsible for about 2%, while Brazil contributed to 1% of the world’s CO2.



Figure 1 shows that, during the selected period, Brazil has registered the largest GDP growth, followed by USA and Canada. On the other hand, the GDP growth is explained by the evolution of CO2 and N2O (Figure 2).



As can be seen from Figure 2, in the case of Brazil, the GDP growth has largely been generated by an increase in the CO2 level, whereas for USA and Canada this factor has played a smaller role on the GDP evolution.



In the case of our countries (Figure 3), the evolution of this indicator is ascending throughout the entire period.




3. Materials and Methods


3.1. Analysis of Key Statistical Indicators of Central Tendency and Variation


In the following, we present the descriptive statistics of our data by estimating the central tendency of the distribution via the mean and the median values for the variables of interest: gross domestic product (GDP); domestic credit from banks (DCB); domestic credit from the financial sector (DCF); carbon dioxide emissions (CO2); nitrous oxide (N2O); and the value added from agriculture, forestry and fishing (AFF). Table 1 indicates the mean, median and standard deviation of these variables for the period 1970–2018.



Standard deviation values indicate fluctuations of the time series, with DCF having the largest volatility, followed by DCB, while GDP had the smallest volatility. The positive skewness values show that five variables have a right-skewed distribution, while the distribution of CO2 is skewed to the left. The skewness of the GDP distribution is 0.38 (below 3). The kurtosis values for GDP, DCB and AFF are above 3, thus indicating that these distributions are leptokurtic. Since the kurtosis values of DCF, N2O and CO2 are below 3, their distributions are platykurtic.



The Jarque–Bera test checks whether data are normally distributed. Namely, the test measures the difference between the asymmetry coefficient and the kurtosis of the analyzed distribution and those of the normal distribution. The test has the following null hypothesis: the series is normally distributed. Thus, if the probability associated with the test is higher than the chosen significance level (1%, 5% or 10%), the null hypothesis is accepted. In our case, the Jarque–Bera test shows that these six variables are significantly non-normally distributed at 1%, 5% and 10%.




3.2. Analysis of Correlation


In our study, we employed panel data regression to identify relationships between six variables on our sample of three countries from the American continent. Prior to estimating regression coefficients, we ran correlations between our variables to rule out any multicollinearity issue. Table 2 indicates the Pearson correlation coefficients.



With few exceptions, we deem that our data showed no strong correlations between our variables of interest.




3.3. Econometric Models


We used the software EViews version 9.0 to estimate econometric models. Analyses are based on the Panel Least Squares method, which is specific for generating equations on time series data. We employed panel data analysis to investigate the relationships between GDP, CO2, N2O, AFF, DCB and DCF. As mentioned before, N2O causes a greenhouse gas effect, while CO2 is directly responsible for global warming. These two types of gases are generated by activities related to agriculture, forestry and fisheries, which add value to the GDP. The data corresponding to the period 1970–2018 were drawn from the World Development Indicators estimated by the World Bank. We formulated the following research hypotheses:



Hypothesis H1.

There is a linear relationship between GDP and N2O, CO2, DCB.





Hypothesis H2.

There is a linear relationship between GDP and N2O, CO2, DCF.





Hypothesis H3.

There is a linear relationship between DCB, GDP, N2O, CO2, DCF.





Hypothesis H4.

There is a linear relationship between DCF, GDP, N2O, CO2, DCB.





Hypothesis H5.

There is a linear relationship between AFF, GDP, N2O and CO2.





The econometric model had the following general form:


Yit = a0 + a1X1it + a2X2it + a3X3it + a4X4it + δi + θt + εit








where a0 denotes the intercept; ai denotes the coefficient of the variable; X denotes the independent variable; i denotes the country; t indicates the years analyzed (1970–2018); δi indicates the fixed effects controlling for country-specific factors, irrespective of the time; θt indicates the fixed effects controlling for common shocks (i.e., 2008 financial crisis); and εit indicates the error term.



Since common shocks influence dependent variables, we estimated our models with and without fixed effects. Table 3 presents the results of our econometric models.





4. Discussion


According to the first econometric model, the independent variables N2O, C2O and DCB explain 61% of the variance in GDP. The robust t-statistic of −2.89 for CO2 reached statistical significance at the 1% level. Hence, it can be stated that a 1-unit increase in the level of CO2 triggered a 0.421 decrease in the GDP (of almost 50%).



The second econometric model indicated that independent variables explained 62.64% of the changes in GDP, while variables outside the model explained the remaining 37.36%. Estimations revealed the existence of a negative relationship between GDP and CO2, namely that a 1-unit augmentation in CO2 reduced the GDP by 0.464 units. Again, the impact of CO2 was quite substantial.



In the third econometric model, according to the coefficient of determination, 83.15% of the total variance in the outcome variable DCB was explained by the four predictors in question. Results thus indicated a positive relationship between DCB and the independent variables N2O, CO2 and DCF. Namely, for every unit change in N2O, there was a 2.055-unit rise in DCB. At the same time, CO2 and DCF significantly impacted on DCB.



According to the fourth econometric model, predictors accounted for 88.48% of the change in DCF. As indicated by the regression estimates, there was a positive connection between DCF and the variable DCB. There was also a negative connection between the dependent variable and N2O, CO2, GDP. Namely, a growth of 1 unit in DCB led to an improvement of 0.899 in DCF. In addition, a 1-unit growth in CO2 determined a 5.918-unit decrease in DCF.



Last but not least, the fifth econometric model showed that 97.30% of the variance in AFF was due to the chosen independent variables. Hence, results indicated that N2O, CO2 and GDP positively influenced AFF. Namely, an increase of 1 unit in N2O led to an improvement of 0.42 in AFF. Moreover, for every unit change in CO2 and GDP, there was an increase of 3.63 and 0.927 units in AFF.



Hence, all the econometric models that we have estimated for the panel data analysis were significant and our variables of interest established cointegration relationships both in the short run and the long run. For that matter, in line with Ghouali et al. [32], we reported a cointegration relationship between CO2 emissions and the economic variables. According to our results, the variable CO2 emissions had a negative impact on the level of GDP, thus ultimately affecting the greening of economies. In addition, we found that the level of domestic credits granted by banks was insufficient in order to support green finance projects. In the light of these results, one could state that financial sectors play a fundamental role in achieving goals with respect to green finance, which will be discussed in the following paragraphs.



Financial systems around the world represent constant sources of information in terms of the progress registered by the green finance movement. For a case in point, the US-based investment bank Morgan Stanley carried out a study on the performance of 11,000 mutual funds in the USA during 2004–2018 and concluded the following: (1) no financial trade-off exists between the returns of sustainable funds and traditional funds; (2) sustainable funds are associated with lower market risks as compared to traditional funds; (3) sustainable funds offer a layer of stability during volatile markets [33]. The results from our study are in line with the abovementioned findings in that domestic credits granted by players from the financial sector promote green finance.



As a general rule, financial institutions have the propensity to support projects using fossil fuel rather than green projects because the latter have a lower rate of return and because of the risks associated with new technologies of green investments [19]. Our findings also follow the direction of this study. Moreover, the levels of domestic credit offered by banks were insufficient to cover the expenditures entailed by green finance projects. For that matter, development banks have generally allotted 17% of their credit portfolio to green finance investments, while spending 22% of their funds on conventional energy and conventional infrastructure projects during the period 2007–2016.



Moreover, international organizations have pointed out that the level of CO2 emissions increases together with the level of economic growth [34]. Based on the recommendations formulated in line with the Paris Agreement regarding climate change [35], worldwide governments should strive to attain the following three important goals:




	(1)

	
capping global warming at 1.5 °C;




	(2)

	
improving the capacity of adaptation to extreme weather conditions triggered by climate change;




	(3)

	
directing financial flows towards projects that efficiently mitigate greenhouse gas emissions and support climate-resilient development.









Overall, the G20 nations have been committed to implementing the so-called nationally determined contributions in accordance with the Paris Agreement regarding climate change. The global temperature is expected to increase by 3.2 °C since the G20 nations have triggered the highest level of CO2 emissions (56%) in the period 1990–2014, as 82% of the energy used was obtained from fossil fuels. Within this particular context, Brazil has suffered the largest loss in terms of deforestation (i.e., 10%). Moreover, G20 nations offer more subsidies on fossil fuel energy instead of opting for the use of carbon pricing. Brazil provides subsidies worth $16 billion, followed by Canada with $3.7 billion and the USA with $2.1 billion. In the light of this reality, countries must reduce their greenhouse gas emissions by 45% until 2030 and reach zero emissions until 2070 in order to keep climate change at a steady 1.5 °C level. Furthermore, an ambitious goal for G20 nations should be to reduce their energy production from fossil fuels down to the 67% level by 2030 and to 33% by 2050.



Among the G20 countries, India is in a class of its own by trying to implement a Climate Action Plan. Namely, India has invested 40% of its nationally determined contributions into projects regarding non-fossil energy and aims to achieve 80% energy-efficient cities by 2030. In terms of these nationally determined contributions, the countries from our sample have not registered relevant progress as compared to India. For example, Brazil has cut 95% of its climate change budget and most probably it will not attain a sufficient level of nationally determined contributions by 2030. The USA has also failed to achieve this level as a result of the withdrawal from the Paris Agreement and the rollback of its existing climate policy [33].



Overall, G20 nations are focused on three major national green finance strategies, which are: climate-related financial risks; green investment; brown investments. In this sense, Brazil, South Africa and France implement the climate-related financial risk assessments, Canada and Indonesia use voluntary and mandatory climate-related risk assessments, while China, India and Japan follow capital and liquidity demands to promote green loans and investments. In addition, Brazil, Canada and the USA impose restrictions on development agencies and banks in order to finance coal energy. The majority of G20 countries have carbon-pricing schemes such as emission trading systems and carbon taxes. Taxation can be used as a useful tool in the process of capping global warming, which is often worsened by underground economic activities and extensive corruption acts that deprive public budgets from much needed funds [36]. Provided that national governments are trustworthy and efficiently monitor tax systems, individual and corporate taxpayers comply with national policies, pay their fare shares and follow governmental regulations concerning air and land pollution levels [37,38,39,40,41].



Climate change has a negative impact on societies nowadays [42]. At a worldwide level, the volatility of extreme weather conditions has led to the death of 526,000 people and the loss of $3.47 trillion in the period 1998–2017. The rising global temperature causes severe tropical cyclones. In this sense, the US ranked 12th according to the 2017 Climate Rank Index (CRI). Climate change also causes heavy landslides and floods. According to the CRI on heavy rainfalls and floods, Nepal (4th), Bangladesh (9th) and India (14th) suffered heavily in 2017, as these countries registered the loss of 1200 people and the displacement of another 40 million people. Puerto Rico (1st), Honduras (2nd) and Myanmar (3rd) have been the worst affected countries by climate change in the last 20 years (1998–2017) because these nations have lost 4061, 4215 and 14,392 people per 100,000 inhabitants and about 4.2%, 1.8% and 0.6% of their GDP, respectively. As can be noticed, the toll that climate change takes on societies is extensive both in terms of human casualties and economic losses.



In the process of promoting green finance, Brazil relies more on its financial sector than banks. In this sense, the country has registered 38 bonds released by seven issuers for green finance projects, and out of each, 8 bonds worth $3.6 billion target renewable energy projects. With respect to low-carbon transport, Brazil has registered 19 bonds released by four issuers, out of which 5 bonds are worth $1.8 billion. Moreover, USA has ranked first in the number of green bonds issued at a global level with 1213 bonds worth $58 billion. In addition, Canada has also issued four green bonds worth $5 billion [43].




5. Conclusions and Policy Implications


At the global level, there is a fundamental need for appropriate strategies that strongly support greening the financial system through specific actions such as mobilizing and accelerating financial flows from private economic entities into key areas of clean growth and environmental sectors [44]. The extant literature reports studies on determining carbon risks of financial assets (e.g., stocks, corporate bonds) in order to assess investor confidence [45]. Based on the level of carbon risks, companies are usually classified into green firms and brown firms. Nevertheless, at the present moment it is difficult to estimate future returns on sustainable versus non-sustainable financial assets.



For governmental authorities around the world it is very important to support green finance by means of international capital markets, thus following the example of countries such as Brazil and India, which make use of the Green Infrastructure Investment Coalition to engage with foreign investors. Other instruments available for attracting international funds towards green finance projects are the Sustainable Banking Network, the UNEP Finance Initiative and the Sustainable Insurance Policy Forum [2].



In the present study, we have tackled the importance of reducing greenhouse gas (GHG) emissions, but there is still no substantial progress in this direction at global level [46]. In this regard, financial sectors should be consistently stimulated to promote green finance as bank credits are rather insufficient. In terms of the banking sector, policy changes should be enacted to strongly promote green finance [47]. Moreover, for ensuring an efficient financial sector, governments around the world need to develop appropriate fiscal policies as suggested by various United Nations discussion forums. As Burniaux et al. [48] reported, a reduction of subsidies for fossil fuels and electricity in 20 non-OECD countries would decrease global CO2 emission levels by 13% and greenhouse gases by 10% until 2050. In addition, the Kyoto Protocol negotiations and the Rio+20 Conference declarations have represented important steps towards the reduction of subsidies for fossil fuels, but so far these efforts have not yielded the expected results [49,50,51,52,53,54].



All in all, credits offered by the banking system are insufficient for achieving green financing. Therefore the financial sector needs to play a much bigger role in increasing the level of green investments aimed at supporting economic growth and mitigating global warming. Moreover, green financing must be promoted through suitable fiscal and monetary policies. At the same time, we deem that the ultimate goals of economic growth and climate change policies can be concurrent.
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Figure 1. The evolution of GDP for USA, Canada and Brazil. 
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Figure 2. CO2 evolution in Canada, USA and Brazil. 
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Figure 3. The evolution of N2O in Canada, USA and Brazil. 
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Table 1. Descriptive statistics.






Table 1. Descriptive statistics.





	Specifications
	GDP
	DCB
	DCF
	N2O
	CO2
	AFF





	Mean
	3.068493
	57.12555
	121.3291
	50.73362
	19.32687
	4.426596



	Median
	3.100000
	52.50000
	111.4500
	48.40000
	19.35000
	1.750000



	Maximum
	14.00000
	213.5000
	249.7000
	81.50000
	33.70000
	37.20000



	Minimum
	−4.400000
	14.00000
	36.80000
	25.90000
	8.000000
	−8.000000



	Std. dev.
	2.924799
	26.32449
	58.85286
	13.76802
	6.929789
	8.013043



	Skewness
	0.388585
	2.413944
	0.592624
	0.210890
	−0.024878
	2.918510



	Kurtosis
	4.790197
	12.18662
	2.228616
	1.989273
	1.861056
	11.74779



	Jarque–Bera
	23.17019 ***
	614.8015 ***
	11.16580 ***
	5.797431 *
	7.256487 **
	433.1626 ***



	Observations
	146
	137
	134
	116
	134
	94







Note: *, **, *** denotes significance at the 10%, 5% and 1% level, respectively.
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Table 2. Correlation matrix for the variables of interest.
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	GDP
	DCB
	DCF
	N2O
	CO2
	AFF





	GDP
	1
	
	
	
	
	



	DCB
	−0.2019
	1
	
	
	
	



	DCF
	−0.2914
	0.6255 **
	1
	
	
	



	N2O
	−0.11084
	−0.07485
	−0.1583
	1
	
	



	CO2
	0.2320
	−0.3986 *
	−0.8543 ***
	0.4103 *
	1
	



	AFF
	0.1276
	–0.2328
	–0.3819 *
	–0.4984 *
	0.2203
	1







Source: *** denotes significance at the 1% level; ** denotes significance at the 5% level; * denotes significance at the 10% level.
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Table 3. Econometric models estimating the relationships between our variables of interest.
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Model 1:

	
Model 2:

	
Model 3:

	
Model 4:

	
Model 5:




	
GDP = a0 + a1N2O + a2CO2 + a3DCB

	
GDP = a0 + a1N2O + a2CO2 + a3DCF

	
DCB = a0 + a1N2O + a2CO2 + a3GDP + a4DCF

	
DCF = a0 + a1N2O + a2CO2 + a3GDP + a4DCB

	
AFF = a0 + a1GDP + a2N2O + a3CO2






	
Constant

	
14.253 ***

(2.815)

	
14.846 ***

(2.907)

	
−175.707 ***

(−4.946)

	
228.710 ***

(5.497)

	
−94.697 ***

(−5.995)




	
DCB

	
−0.007

(−0.576)

	

	
-

	
0.893 ***

(9.0002)

	
-




	
DCF

	

	
−0.012

(−1.126)

	
0.613 ***

(9.0002)

	
-



	
-




	
N2O

	
−0.040

(−0.496)

	
−0.018

(−0.251)

	
2.055 ***

(4.326)

	
−0.915

(−1.431)

	
0.421 **

(2.758)




	
CO2

	
−0.421 ***

(−2.893)

	
−0.465 ***

(−2.885)

	
3.001 ***

(2.680)

	
−5.918 ***

(−4.827)

	
3.625 ***

(9.495)




	
AFF

	
-

	
-

	
-

	
-

	
-




	
GDP

	
-

	
-

	
0.292

(0.367)

	
−0.977

(−1.024)

	
−0.927 ***

(−2.895)




	
Prob.>F

	
0.0002

	
0.0002

	
0.0000

	
0.0000

	
0.0000




	
Cross-section effects

	
Fixed

	
Fixed

	
Fixed

	
Fixed

	
Fixed




	
Time fixed effects

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
R2

	
0.610

	
0.626

	
0.832

	
0.931

	
0.973




	
Adjusted R-squared

	
0.374

	
0.390

	
0.721

	
0.885

	
0.920




	
F statistic

	
2.581

	
2.652

	
7.516

	
20.394

	
18.492




	
Observations

	
115

	
112

	
112

	
112

	
66








Note: Robust t-statistics are displayed in parentheses; *, **, *** show statistical significance at the 10%, 5% and 1% levels, respectively. The probability of non-existing fixed effects is denoted by prob. > F. Multicollinearity was analyzed via the variance inflation test (VIF) across all models. VIF values were below 5, thus indicating a low risk of multicollinearity. The Glejser and ARCH tests rejected the null hypothesis of homoscedasticity.
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