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Abstract 
Achieving the Sustainable Development Goals (SDGs) and carbon neutrality targets presents a critical challenge 

for the Organization for Economic Co-operation and Development (OECD) countries, which account for over 37% 

of global carbon emissions and have experienced rising ecological degradation over recent decades. While previ-

ous research has explored the effects of green innovation and trade on environmental outcomes, these studies 

overlook the funding dimension of green innovations and fail to isolate eco-friendly goods within trade measures. 

To address this gap, our study evaluates the dynamic impact of green innovation funding and green trade on envi-

ronmental quality in OECD countries from 1994 to 2021. Unlike traditional models relying on trade openness 

indices, we focus specifically on the dynamic common correlated effects (DCCE) estimator to mitigate cross-

sectional dependence issues neglected by AMG and MG estimators. Results reveal that public funding for green 

innovations, in the form of government allocations for research, development, and demonstration, significantly 

reduces carbon emissions. Additionally, green trade has a substantial negative effect on emissions, promoting 

environmental sustainability. The robustness of these findings is confirmed through PMG estimation. These find-

ings suggest that policymakers in OECD countries should increase budget allocation for green technology inno-

vations and expand trade volume of environmentally friendly goods and services to foster environmental quality 

and achieve environmental sustainability goals. 
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Streszczenie 
Osiągnięcie Celów Zrównoważonego Rozwoju (SDGs) i celów neutralności węglowej stanowi krytyczne wyzwa-

nie dla krajów Organizacji Współpracy Gospodarczej i Rozwoju (OECD), które odpowiadają za ponad 37% glo-

balnych emisji dwutlenku węgla i doświadczyły w ostatnich dekadach rosnącej degradacji ekologicznej. Podczas 

gdy poprzednie prace badały wpływ zielonych innowacji i handlu na wyniki środowiskowe, pomijały jednak wy-

miar finansowania zielonych innowacji i nie izolowały przyjaznych dla środowiska towarów w ramach środków 
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handlowych. Aby wypełnić tę lukę, nasza praca ocenia dynamiczny wpływ finansowania zielonych innowacji i 

zielonego handlu na jakość środowiska w krajach OECD w latach 1994–2021. W przeciwieństwie do tradycyjnych 

modeli opierających się na wskaźnikach otwartości handlu, skupiamy się konkretnie na estymatorze dynamicz-

nych wspólnych skorelowanych efektów (DCCE), aby złagodzić problemy zależności przekrojowych pomijane 

przez estymatory AMG i MG. Wyniki pokazują, że publiczne finansowanie zielonych innowacji w formie rządo-

wych alokacji na badania, rozwój i demonstracje znacznie zmniejsza emisję dwutlenku węgla. Ponadto zielony 

handel ma znaczący negatywny wpływ na emisje, promując zrównoważony rozwój środowiska. Solidność tych 

ustaleń potwierdza oszacowanie PMG. Wyniki te sugerują, że decydenci w krajach OECD powinni zwiększyć 

alokację budżetu na innowacje w zakresie zielonych technologii i zwiększyć wolumen handlu przyjaznymi dla 

środowiska towarami i usługami, aby wspierać jakość środowiska i osiągnąć cele zrównoważonego rozwoju śro-

dowiska. 

 

Słowa kluczowe: finansowanie zielonej innowacji, zielony handel, jakość środowiska, kraje OECD

Introduction 

 

Climate change and global warming are among the most crucial goals challenges facing current world today. It is 

widely accepted that carbon dioxide (CO2) emission is the leading contribution to greenhouse gases (GHGs), which 

further drive environmental degradation and global warming. As per report of Intergovernmental Panel on Climate 

Change (IPCC) the emissions of these gases surged from 9,500 million tons to 35,000 million tons over 1960-

2010 (Intergovernmental Panel on Climate, 2014). So, achieving the better environmental quality is the need of 

day and Sustainable Development Goal (SDG 13) directly deals with climate change issue (United Nations Frame-

work Convention on Climate, 2017). The environmental degradation is directly connected to climate change that 

could results in dire outcomes of glacier melt, erratic rainfall, extreme weather conditions, food insecurity, species 

extinction, decreased agricultural yields, and water shortages (Dong et al., 2019; Shahbaz et al., 2018). Moreover, 

people and organizations require to protect and sustain natural environment for future generations (Hunt & Fund, 

2016). This urgent need of fostering sustainable environment captured global attention and prompt countries to 

keeping the global temperature increase below the critical threshold of 1.5°C as stipulated by the Paris Agreement. 

To mitigate the adverse effects of human activities on the planet, various institutions, agencies, and organizations 

set goals for industries, communities, and individuals. In this regard, the European Union (EU) committed to re-

duce the emissions by 40% by 2030 compared to 1990 levels (Europa, 2018). Achieving carbon neutrality by 2050 

is critical need of day to maintain the global temperature rise within the acceptable limit of 1.5°C (European Par-

liament, 2020). 

The climate change challenge is particularly presented in the OECD countries, despite being home to only 17% of 

the global population, but responsible for almost 37% of the global carbon emissions as of 2020. This disparity 

highlights the neglected role of developed economies in both contributing to environmental degradation and miti-

gating climate change (Wang et al., 2021). In 2019, the total GHG emissions for OECD countries reported at 12.5 

billion metric tons, with only carbon emissions account for 10 billion metric tons. Additionally, the energy sector 

remains the largest emitter of CO2 in OECD countries, contributing to over 40% of the total emissions (Saidi & 

Omri, 2020; Yilmaz & Uysal, 2022). In response to these challenges, OECD countries adopt renewable energy 

solutions that could drive clean energy and foster environmental quality. However, the pace of transition to cleaner 

energy sources is required to accelerate to meet targets set under international agreements. The OECD countries 

pledged to reduce their GHG emissions by 40% by 2030, with the aim to achieve net-zero emissions by 2050 (Jin 

et al., 2023). To meet these goals, OECD countries are required to allocate research, development, and demonstra-

tion (RDD) budget for renewable technology and promote trade of environment friendly goods. OECD countries 

are at the forefront of technological and policy innovations to counteract the climate change, so they bear an addi-

tional responsibility to drive global efforts to set the paths for other economies. As shown in Figure 1, most of the 

OECD countries are successful in combatting the carbon emissions over last two decades. 

However, achieving better environmental quality will only be possible if human activities have been fully com-

prehended that lead to environmental deterioration and present effective solutions to mitigate their negative im-

pacts. Undoubtedly, human activities are the main drivers of environmental degradation, which, in turn, increases 

the climate change pressure (Ahmed & Le, 2020). International trade, a crucial contributor of economic output, is 

a significant factor to influence carbon emissions in various sectors (Hatfield-Dodds et al., 2015). On positive side, 

trade brings substantial economic advantages such as boosting economic activities and facilitating the exchange 

of goods and services (J. Buysse et al., 2018; Can & Gozgor, 2018), it also offers the pathways to import green 

and resource-efficient technologies (Managi et al., 2009). On negative side, it increases energy consumption and 

results in exploitation of natural resources, which in turn drives environmental degradation (Mrabet et al., 2021; 

United Nations Environment, 2019). This has led to lack of consensus among scholars regarding the real impact 

of trade on environmental quality such as some agree on its positive impact on environmental quality (Lv & Xu, 

2019; Zhang et al., 2017), other oppose this view (Gozgor & Can, 2016; Kasman & Duman, 2015) 
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Figure 1. Carbon emissions in OECD countries (1994-2021) 

 

Given the potential environmental losses linked with trade, one may argue that fostering a green economy to 

mitigate environmental degradation and to achieve carbon neutrality, there can be acceleration in trade of environ-

ment-friendly goods (United Nations Environment, 2011). This solution can ensure both environmental sustaina-

bility and economic growth. Accelerating the trade of green products contribute to environmental sustainability 

by reducing the environmental impact of production processes, particularly in terms of energy consumption (Par-

amati et al., 2020). Green products are categorized into two groups: traditional environmental goods and environ-

mentally preferable products (EPPs). The first category includes those products that are specifically designed to 

address environmental concerns, such as air pollution control devices. The second category involves goods that 

are less damaging to the environment during their production, use, or disposal, such as electric vehicles, solar-

power vehicles, or biodegradable jute bags (United Nations Conference on & Development, 1995). Overall, the 

trade of these both categories can promote environmental quality and address climate change challenges (Claro et 

al., 2007).  

Additionally, government’s commitment toward green economy can be a substantial effort to promote environ-

mental quality. The government’s allocation of research, development, and demonstration (RD&D) budgets for 

green technology can foster innovation and support transition to cleaner energy solutions. Investing in renewable 

energy sources could allow government to significantly reduce their dependency on fossil fuels, which are primary 

contributors to carbon emissions and global warming (Canton, 2021). Offering subsidies for research and devel-

opment in green technologies can accelerate the creation of energy-efficient products and processes, thereby re-

sulting in lesser industrial emissions (Popp, 2019). Governments can implement energy-efficient public infrastruc-

ture by using their budgets to lower emissions and reduce long-term operational costs (Grubler et al., 2018). Fur-

thermore, supporting green technology startups through tax incentives and grants can accelerate sustainable eco-

nomic growth and promote environmental quality as well (Wüstenhagen & Menichetti, 2012). By funding educa-

tional programs focused environmental awareness and green technologies, governments can cultivate a highly 

skilled workforce that would be capable of driving the green growth (Sovacool, 2016). Moreover, the allocation 

of a green technology budget enables the development of advanced waste management systems that would mini-

mize landfill usage and promote recycling, thus reduces the environmental impact of waste (Zaman & Lehmann, 

2013). So, with increased trade of environment friendly goods and a well-structured green technology budget can 

address various aspects of environmental degradation and drive the global shift towards a more sustainable future 

(Rennings, 2000). 

In recent years, numerous studies investigated the impact of green products on environmental outcomes and they 

mainly used technological innovation metrics or green patent applications as proxies for green goods (Hao et al., 
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2021; Paramati et al., 2021). Unlink previous research, this study explains the impact of environment-friendly 

trade using the measure of trade volume of environment friendly goods (released by WDI World Bank), alongside 

the influence of government budgets allocated for green technology innovation, on environmental quality across 

24 OECD countries from 1994 to 2021 within the Environmental Kuznets Curve (EKC) framework. We selected 

OECD countries for this study as these nations are at the forefront of innovation-driven green products, have high 

level of technological advancement, with better technical capacity and institutional quality, and skilled workforce, 

that all could contribute to environmental quality (Hu et al., 2020).This study uniquely positions itself by examin-

ing not just the trade of green products but also the pivotal role of government funding in green technology inno-

vation to promote environmental quality of OECD countries. Moreover, this study acknowledges that OECD coun-

tries prioritize low-carbon research and provide substantial financing for such incentives, and thus adds a crucial 

dimension to understand the broader impacts on environmental sustainability (Al Mamun et al., 2018; Paramati et 

al., 2021). 

Remaining of this paper is structured as follow: Section (2) covers the literature review, Section (3) presents meth-

odology, data, and variables of study, Section (4) presents pre-diagnostic tests’ results, dynamic common corre-

lated estimations, and granger causality results, and Section (5) concludes the paper and uncovers policy implica-

tions.  

 

Literature Review 

 

The nexus between international trade and environmental quality is remained a subject of extensive research, par-

ticularly within the framework of Environmental Kuznets Curve (EKC) hypothesis. Previous studies shows that 

trade leads to both positive and negative environmental outcomes, depending upon the scale of economic activities 

based on international trade (Antweiler et al., 2001; Copeland & Taylor, 2004; Grossman, 1991). Some scholars 

argue that increased international trade accelerates the diffusion of green technologies and promotes environmental 

quality, while others emphasize the adverse effects of resource exploitation and increased production. The duality 

of these outcomes necessitates a deeper exploration of the specific mechanism through which trade impacts envi-

ronmental quality, particularly in developed economies such as OECD nations. Trade liberalization, the process 

to mitigate barriers in way of international trade, has been associated with both positive and negative environmen-

tal outcomes. On one side, trade liberalization facilitates the diffusion of green technologies and best practices, 

thereby promoting environmental quality (Jeroen Buysse et al., 2018; Managi et al., 2009). On other side, it results 

in increased production and consumption, leading to higher emission and resource exploitation (Can et al., 2021). 

The net impact of trade liberalization on the environment in OECD countries could be complex and context-de-

pendent.  

Recent research increasingly focused on the role of green trade – defined as the trade of environment-friendly 

goods and services – to promote environmental quality. Green trade posits to mitigate environmental degradation 

by encourage sustainable production practices and lowering carbon emissions (Zhang et al., 2017). The trade of 

eco-friendly products and renewable energy technologies results in reductions in carbon and other type emissions 

(Hao et al., 2021). The increasing volume of green trade enhances the potential of governments to counteract the 

environmental challenges such as climate change and global warming. By enhancing the volume of eco-friendly 

goods, there could have been positive contribution toward environment through enabling the industries to use 

green products and materials in their operations. However, the extent to which green trade offsets the environmen-

tal costs of conventional trade remain unanswered. So, there is need of empirical research to examine the effec-

tiveness of green trade to address environmental degradation challenge.  

Innovating green products, including the introduction of energy-efficient technologies and eco-friendly goods, is 

crucial strategy in modern world to reduce the environmental impact of economic activities. The innovation pro-

cess can lead to significant improvements in environmental quality by reducing carbon emissions and conserving 

natural resources (Paramati et al., 2021; Wüstenhagen & Menichetti, 2012). The innovation capacity in OECD 

countries high and government support for RD&D activities can essentially support the sustainable environmental 

progress. The government’s role in shaping green economy through budgetary allocations could be critical to 

accelerate environmental quality. Funding for research, development, and demonstration (RD&D) in renewable 

technologies can accelerate innovation and adoption of cleaner technologies, which in turn can promote environ-

mental sustainability (Grubler et al., 2018; Popp, 2019). Green technology encompasses renewable energy, energy-

efficient products, and pollution control technologies, and is widely regarded as the essential to achieve environ-

mental sustainability. The adoption and implementation of green technology solutions reduces greenhouse gas 

emissions and promote environmental quality (Zaman & Lehmann, 2013). In OECD countries, the adoption of 

green technologies is relatively high, and government’s commitment toward green economy could significantly 

support these countries to achieve environmental quality. Wüstenhagen and Menichetti (2012) argue that govern-

ment investments in green technology leads to significant results in emissions and resource use. However, the 
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effectiveness of these budge allocations can contingent on the alignment of government efforts to achieve envi-

ronmental sustainability goals. Thus, literature highlights the need for coherent and sustained government support 

to realize the full potential of green technology innovation to improve environmental quality.  

The EKC hypothesis posits an inverted U-shape relationship between economic growth and environmental degra-

dation, suggesting that environmental quality is initially deteriorated by economic growth but improved lately as 

countries reach higher income levels (Dinda, 2004; Grossman, 1991; Shahbaz et al., 2016). OECD countries, with 

their advanced actions toward climate change, are often considered as best examples where transition towards 

improved environmental quality is actually occurred (Paramati et al., 2021). OECD countries are also part of In-

ternational Energy Agency (IEA), which is at the forefront to set the environment-related goals, defining the paths 

for clean environment, guiding the policymakers in execution of green environment projection, enabling funding 

for industries, and monitoring its member countries’ practices. These are the countries with high trade volume of 

eco-friendly goods, green technologies’ budget allocations, and disclosure of data regarding their budget alloca-

tions and green trade volume. Therefore, there is need to examine the role of green technology innovation funding 

and green trade for environmental quality in these economies, to set pathways for other economies.  

Despite extensive body research on the environmental impact of green technology and trade, still gap exists. Most 

studies rely on proxies, such as green products volume to measure green trade, and green patent applications to 

measure green innovation funding, which may not fully capture the complexity of these both factors (Hao et al., 

2021; Paramati et al., 2020). Additionally, the majority of prior literature focuses on individual aspects of green 

technology of trade, often neglecting the interplay between these factors and their direct impact on environmental 

quality. Addressing this gap is crucial to develop effective policies that could leverage both green trade and green 

innovation funding to achieve environmental sustainability in OECD countries. Based on this gap, this study aims 

to examine the effects of green trade and government green innovation funding on environmental quality in OECD 

countries. We employ advanced econometric approaches of Dynamic Common Correlated Effects (DCCE) and 

Panel Mean Group (PMG) to show how green trade and green innovation funding would influence environmental 

sustainability, ultimately contributing to the development of more effective environmental polices in OECD coun-

tries, and providing footprint for other economies valuing environmental sustainability with economic progress.  

 

Data and Methodology  

 

This paper employs dynamic common correlated effects (DCCE) model to analyze the impact of green trade and 

green innovation funding on environmental quality in OECD countries. From the 38 member countries of the 

OECD, 24 are selected based on the data availability (see Appendix for the list of selected countries) covering the 

period of 1994 – 2021. Traditional methods such as Generalized Method of Moment (GMM), random effects, and 

fixed effects are utilized for panel data estimations in prior research on environmental quality (Ali et al., 2019; 

Feng & He, 2020; Xaisongkham & Liu, 2024). However, these methods mostly account for homogeneity and 

changes in the intercepts of cross-sectional units, while in reality, panel data often exhibit heterogeneity. As a 

result, there has been a growing concern among researchers to consider cross-sectional dependence. Numerous 

studies highlight that panel data often encounter cross-sectional dependence issues. It is due to unobserved factors 

and shocks that impact countries simultaneously, particularly in the context of financial or economic integration 

(De Hoyos & Sarafidis, 2006; Dogan et al., 2017; Latif et al., 2018). Therefore, it is crucial to assess whether 

cross-sectional units are uniformly influenced by these shocks or not. Advanced estimation approaches such as 

DCCE and PMG have garnered significant attention in macroeconomic research, especially in context of OECD 

countries where the interconnectedness of countries renders traditional methods less effect. In response to this, we 

need to assess stationarity of data, cross-sectional dependence, multicollinearity, and co-integration between var-

iables.  

To assess stationarity of panel data, this study employs Im, Pesaran, and Shin (IPS) test (Im et al., 2003), and the 

Levin, Lin, and Chu (LLC) test (Levin et al., 2002), as the first-generation unit root tests, based on the Augmented 

Dickey-Fuller (ADF) regression for panel data, and specified as follow:  

Δ𝑦𝑖𝑡 = 𝛾𝑖𝑦𝑖,𝑡−1 + ∑  𝑃
𝑗=1 𝜑𝑗Δ𝑦𝑖,𝑡−𝑗 + 𝜀𝑖𝑡                                                                                                                  (1) 

where 𝛾𝑖 = 𝜌𝑖 − 1 in both tests represents null hypothesis of unit root existence and states as H0 = 𝛾𝑖 = 0 (𝜌𝑖 = 1) 

against the alternative hypothesis of existence of stationarity H1: 𝛾𝑖 < 0 (𝜌𝑖 < 1). LLC test assumes that parame-

ters are equal across all the panel units of study and thus argues that 𝜌𝑖 = 𝜌 for all i countries in panel data series. 

Both, IPS and LLC tests don’t account for cross-sectional dependence, which is a crucial issue to diagnose in our 

panel data. To identify the existence of cross-sectional dependence, this study utilizes Pesaran (2004) cross-sec-

tional dependence (CSD) test, which assesses nexus of residuals across cross-sections, and is constructed as:  

𝐶𝐷 =
1

𝑁
∑  𝑁

𝑖=1 ∑  𝑁
𝑗=1 𝜌̂𝑖𝑗

1

𝑁(𝑁−1)
∑  𝑁

𝑖=1 ∑  𝑁
𝑗=1 𝜌̂𝑖𝑗

                                                                                                                                           (2) 

where N denotes the cross-sections’ number, and 𝜌̂𝑖𝑗  is the residual correlation between cross-sections i and j. 

Along with the cross-sectional dependence, we also verify the existence of multicollinearity issue by estimating 

variance inflation factors for all variables of present study. Based on the results of cross-sectional dependence, we 
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further employ Pesaran (2007) cross-sectional Augmented Ducky-Fuller (CADF) test to confirm the nature of 

panel data series, either it is stationary at levels or at first difference after accounting for cross-sectional depend-

ence. After diagnosing the order of interaction, we test long-run cointegration between variables of study. This 

study employs Pedroni (2004) panel cointegration test to examine panel-specific cointegrating vectors. Addition 

to this we also employ Westerlund panel co-integration test to examine the long-run relationship between variables. 

Specifically, Pedroni co-integration test is based on panel data model for an I(1) explained variable y, and it is 

specified as:   

y𝑖𝑡 = 𝑥′𝑖𝑡𝛽𝑖 + 𝑧𝑖𝑡
′ 𝜏𝑖 + 𝑒𝑖𝑡                                                                                                                                         (3) 

where xit denotes the covariables for each panel i, and this test requires that covariates are not integrated. After 

confirming the co-integration between variables, we further employ DCCE method which is built upon the prin-

ciples of the Pooled Mean Group (PMG) technique introduced by Pesaran et al. (1996), the Mean Group (MG) 

estimation by Pesaran and Smith (1995), and the Common Correlated Effects (CCE) estimation by Pesaran 

(2006).This approach is adequate to address key issues overlooked by conventional methods, particularly by ac-

counting for cross-sectional dependence through usage of averages and lags of the cross-sectional units. Addition-

ally, it fully accommodates heterogenous slopes and dynamic common correlated effects to present more robust 

estimates. Another advantage of this technique is it suitable for the small sample sizes through the Jackknife cor-

rection method (Chudik & Pesaran, 2015). Moreover, this approach can also be employed to unbalanced panel 

data series (Ditzen, 2016), and provides robust results in presence structural breaks in the data (Kapetanios et al., 

2011). The equation for the DCCE model is constructed as follows:  

𝐶𝑂2𝑖𝑡 = 𝛼𝑖𝐶𝑂2𝑖𝑡−1 + 𝛿𝑖𝑋𝑖𝑡 + ∑  
𝑝𝑇
𝑝=0 𝛾𝑥𝑖𝑝𝑋̅𝑡−𝑝 + ∑  

𝑝𝑇
𝑝=0 𝛾𝑦𝑖𝑝𝑋̅𝑡−𝑝 + 𝜇𝑖𝑡                                                                (4) 

where, 𝐶𝑂2 is the carbon emissions per capita and its lag value is used as the independent variable and 𝑋𝑖𝑡denotes 

the list of independent and control variables, and PT is the lag of cross-sectional averages. Table 1 further reports 

the variable type, symbol, definitions, and source for all variables, included in this study.  
 

Table 1 Variables of study 

 Type Variable Symbol Definition Source 

Dependent: Environmental Quality CO2 CO2 emissions (metric tons per cap-

ita) 

WDI, World Bank 

Independent:  Green innovation funding GIF Government budget of RD&D per 

thousand units of GDP 

OECD and IEA 

Green Trade GT Environment related trade and goods Climate Change, IMF 

Control:  Environmental taxes revenue ENV_TX Environment related tax revenue (% 

of GDP) 

WDI, World Bank 

Log of Energy Consumption Energy Energy use (kg of oil equivalent per 

capita) 

WDI, World Bank 

Log Gross Domestic Product 

per Capita 

GDP GDP per capita (constant 2015 US$) WDI, World Bank 

Manufacturing Value Added MANF Manufacturing, value added (% of 

GDP) 

WDI, World Bank 

Total Trade TRD Trade (% of GDP) WDI, World Bank 

 

Results and Discussion 

 

Tables 2 present the descriptive statistics, including both measures of dispersion and central tendency for all vari-

ables. CO2 has the mean value of 8.924 with standard deviation of 3.814, indicating the tendency of changing 

environmental degradation across OECD countries. For GIF, mean value is reported as 0.317 and minimum and 

maximum values are 0.002 and 1.672 respectively, and thus indicate that OECD countries have different volume 

of budget allocations for green technology. GT reports mean value of 4.236, thus indicates that there is significant 

portion of environment-friendly goods and services traded by OECD countries. Additionally, the descriptive sta-

tistics for all other variables are within acceptable range and mean trend of variables is shown in figure 2.  

 
Table 2. Descriptive statistics 

Variable Obs. Mean Std. Dev. Min Max 

CO2 672 8.924 3.814 2.638 20.470 

GIF 672 0.317 0.256 0.002 1.672 

GT 672 4.236 3.175 0.862 20.754 

ENV_TX 672 2.362 0.807 0.650 5.350 

Energy 672 3.601 0.176 2.984 3.955 

GDP 672 4.520 0.241 3.730 4.940 

MANF 672 15.899 5.027 5.595 34.755 

TRD 672 79.384 39.962 15.723 252.495 
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Pairwise correlation results are reported in Table 3, and it can be observed that CO2 has its significant relationship 

with all explanatory variables of study. Specifically, CO2 has positive links with energy consumption (Energy) 

and economic output (GDP), while negatively associated with green innovation funding (GIF), green trade (GT), 

environmentally-related tax revenue (ENV_TX), manufacturing value-added (MANF), and total trade (TRD).  
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Figure 2: The mean of dependent, independent, and control variables over sample period 

 
Table 3. Correlation matrix results  

CO2 GIF GT ENV_TX Energy GDP MANF TRD 

CO2 1.000 
       

GIF -0.057** 1.000 
      

GT -0.175* 0.053 1.000 
     

ENV_TX -0.261* -0.059 0.228* 1.000 
    

Energy 0.705*** 0.402** -0.075 -0.295** 1.000 
   

GDP 0.302*** 0.372** -0.280** -0.192** 0.623** 1.000 
  

MANF -0.079** -0.122* 0.287** -0.007 -0.206** -0.352** 1.000 
 

TRD -0.187*** -0.059 0.623** 0.199** -0.069 0.058 0.295** 1.000 

Note: ***, **, and * indicates the significance at 1%, 5%, and 10% respectively.  

 

As per the macroeconomic nature of the panel data series, there is need to assess unit-root issue, cross-sectional 

dependence, multicollinearity, and co-integration between variables. To evaluate this, we utilize several tests in-

cluding first-generation unit-root tests of Levin et al. 2002 and Im et al. 2003, Pesaran (2004) CD test, Variance 

Inflation Factors (VIF) test, CADF test, Pedroni and Westerlund co-integration tests. The results of first-generation 

unit root tests of Levin, Lin, and Chu (LLC) and Im, Pesaran, and Shin (IPS) are presented in Table 4. It is shown 

that variables are stationary at levels but not at the first difference for both tests. However, the first-generation unit 

root tests not account for cross-sectional dependence, and it necessitates to assess whether there is existence of 

cross-sectional dependence across variables.  

To identify the existence of cross-sectional dependence, we employ Pesaran (2004) CD test, and results are pre-

sented in Table 5. The results of this test not only aid to determine the appropriate estimation technique but also 

leading us to perform second-generation unit root test, which accounts for cross-sectional dependence. As shown 

in Table 5, all variables’ CD statistics are highly significant, indicating the existence of cross-sectional dependence 

across panel data series. Moreover, VIF value for each variable (reported in Table 5), is less than 10, suggesting 

that there is no multicollinearity exists in our panel data series. 
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Table 4. First generation Unit root test results. 

 

 

Variable 

Levin, Lin, and Chu (LLC)  Im, Pesaran, and Shin (IPS) 

Level 1st Diff.  Level 1st Diff. 

Stat Prob Stat Prob  Stat Prob Stat Prob 

CO2 -1.6739** 0.0471 -5.8906*** 0.0000  1.6986 0.9553 -10.0184*** 0.0000 

GIF -1.2547 0.1048 -5.0867*** 0.0000  0.2063 0.5817 -8.3892*** 0.0000 

GT 1.6274 0.9482 -5.7077*** 0.0000  1.5758 0.9425 -8.8810*** 0.0000 

ENV_TX -1.6198 0.0526 -7.7338*** 0.0000  0.0795 0.5317 -9.2991*** 0.0000 

Energy 4.8825 1.0000 -2.7864*** 0.0027  3.5833 0.9998 -2.9369*** 0.0017 

GDP -1.5703* 0.0582* -0.6666*** 0.0252  2.8719 0.9980 -6.0947*** 0.0000 

MANF -1.4075 0.0796 -19.909*** 0.0000  -2.664*** 0.0039 -15.746*** 0.0000 

TRD -1.6872** 0.0458** -7.8300*** 0.0000  -1.803** 0.0356 -11.119*** 0.0000 

Note: ***, **, and * indicates the significance at 1%, 5%, and 10% respectively.  

   

After confirming the cross-sectional dependence in our panel data series, we run second generation unit-root test 

of CADF, and results are shown in Table 6. Pesaran (CADF) Unit Root Test accounts for cross-sectional depend-

ence and shows that stats for most of the variables are not significant at levels, indicating the stationarity nature of 

panel data. However, at first difference, all variables’ stats have been found significant and thus confirming that 

non-stationarity. These results indicate that first-difference variables should be used for the further inferential 

analysis.  

 
Table 5. Cross-Sectional Dependence Test and Variance Inflation Factor 

Variable CD Test Result VIF 

CO2 43.31*** 
 

 
(0.000) 

 

GIF 28.76*** 1.33  
(0.000) 

 

GT 43.83*** 2.35  
(0.000) 

 

ENV_TX 13.79*** 1.19  
(0.000) 

 

Energy 35.84*** 1.99  
(0.000) 

 

GDP 79.62*** 2.66  
(0.000) 

 

MANF 36.65*** 1.33  
(0.000) 

 

TRD 52.61*** 2.31  
(0.000) 

 

Mean VIF  1.88 

Note: ***, **, and * indicates the significance at 1%, 5%, and 10% respectively.  

 

Table 6. Pesaran (CADF) Unit Root Test Results 

Variable 
Levels  1st Diff. 

Stats P-value  Stats P-value 

CO2 -1.944** 0.026  -8.847*** 0.000 

GIF 0.372 0.645  -8.892*** 0.000 

GT 2.776 0.997  -5.974*** 0.000 

ENV_TX 2.021 0.978  -6.039*** 0.000 

Energy -2.109** 0.017  -9.907*** 0.000 

GDP 0.481 0.685  -2.633*** 0.004 

MANF -2.495*** 0.006  -9.218*** 0.000 

TRD 1.163 0.878  -5.255*** 0.000 

Note: ***, **, and * indicates the significance at 1%, 5%, and 10% respectively.  

 

Further, we applied the Pedroni (1999) cointegration test to evaluate the existence of long-term relationships 

among the variables, and results are presented in Table 7. As per the statistics, provided by Pedroni test, there is 

strong evidence of long-term relationship among the variables. The Westerlund cointegration test is a more ad-

vanced method that considers more varying situations, and provides more reliable results. The variance ratio is 
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also found highly significant, rejecting the null hypothesis of no cointegration between variables, and confirming 

the presence of a long-term nexus among variables of study.  

 
Table 7. Pedroni and Westerlund Cointegration Tests’ results. 

Test Statistic P-value 

Pedroni Test 
  

Modified Phillips–Perron t 4.2533*** 0.0000 

Phillips–Perron t -10.4926*** 0.0000 

Augmented Dickey–Fuller t -8.2338*** 0.0000 

Westerlund Test 
  

Variance ratio 7.9240*** 0.0000 

Note: ***, **, and * indicates the significance at 1%, 5%, and 10% respectively.  

 

In a globalized world, where changes in one country could impact others, the DCCE method is more robust to 

provide reliable estimates. Most of the OECD countries highly integrated to each other due to being in common 

regional and economic blocs such as European Union (EU) and International Energy Agency (IEA). To address 

this shortcoming of earlier methods, we apply the DCCE estimation approach, and the results are reported in Table 

8. The results show positive effects of energy consumption (Energy), economic output (GDP), and manufacturing 

value-added (MANF) on environmental degradation (CO2). These results confirm that with the increased energy 

consumption, accelerated economic growth, and higher manufacturing operations would lead to negatively affect 

the environmental quality in OECD economies. On other side, it is shown that GIF has dynamic common corre-

lated coefficient of -0.454, suggesting the negative impact of green innovation funding on carbon emission. In 

same stride, the impact of green trade (GT) is found negative, reflected by -0.080. This finding renders the negative 

impact of green trade on carbon emissions in OECD countries. Overall, DCCE method proves the positive contri-

bution of green trade and green innovation funding in OECD countries toward environmental quality. The impact 

of green innovation funding (GIF) is found relatively higher than green trade (GT) to foster the environmental 

quality in OECD bloc. These findings are consistent with previous studies, including Ahmed et al. (2022) Rafique 

et al. (2022) and Cutcu et al. (2023). Additionally, Figure 3 and Figure 4 present the regression link of Eco-Trade 

(GT) and Green innovation funding (GIF) with carbon emissions (CO2) across selected 24 OECD countries. The 

trends in figure 3 shows that in most of OECD countries, there is existence of direct nexus between GIF and CO2, 

implying that increased green innovation funding reduces the carbon emissions in OECD countries. In simple 

words, OECD countries are fostering environmental quality through increasing their budget allocations toward 

Research, Development, and Demonstration Expenditures. Figure 4 further confirms the significance of direct 

connection between Eco-trade and CO2 in OECD countries, that shows the increased control over carbon emissions 

with the increased volume of trade of eco-friendly products. Overall, it can be concluded that higher volume of 

government allocations to RDD&D budget, and increased trade volume in environment-friendly goods promote 

environmental quality in OECD countries. OECD countries, being the members of IEA bloc, are more concerned 

about their environmental related actions to become at forefront in achieving sustainable development goals 

(SDGs), and thus setting example for other economies of world.  

 
Table 8. Results of DCCE Estimation 

Exogenous Variable Coefficient t-Statistic 

L.CO2 -0.016*** -3.27 

GIF -0.454*** -2.60 

GT -0.080*** -4.61 

ENV_TX -0.482*** -2.66 

Energy 18.782*** 6.37 

GDP 6.547*** 4.53 

MANF 0.062*** 6.24 

TRD -0.010 -1.62 

Note: ***, **, and * indicates the significance at 1%, 5%, and 10% respectively.  

 

To confirm the robustness of dynamic common correlated effects method results, we employ Pooled Mean Group 

(PMG) estimation approach as it accounts for both short-run and long-run equilibrium relationship while allowing 

for heterogeneity across groups (Blackburne III & Frank, 2007; Pesaran et al., 1999). To align the results of PMG 

estimation approach, we only reported long-run estimates in Table 9 so readers can ensure the consistency and 

reliability of the long-run relationships identified in the benchmark model. The PMG estimates reveal positive 

impact of Energy, GDP, and MANF on CO2, indicating the contributing role of energy consumption, economic 

output, and manufacturing value-added toward environmental degradation. However, the effects of GIF, GT, and 

ENV_TX are reported as negative and highly significant. These findings suggest that government’s increased 

innovation funding, higher trade volume of environment-friendly goods and services, and increased environmental 
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tax revenues reduce the carbon emissions in OECD countries. These findings are in line with the benchmark esti-

mates, and proves the promising role of green innovation funding and green trade to enhance environmental quality 

in OECD countries. The findings of DCCE and PMG approaches, confirm the role of green innovation funding 

and eco-trade to foster environmental quality and making the countries equipped with required infrastructure and 

materials that could make them ready to address climate change and global warming challenges.  
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Figure 3. GIF to CO2 emissions in OECD countries with regression line 
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Figure 4. GT to CO2 emissions in OECD countries with regression line 

  

Table 9. Results of PMG Estimation 

Independent Variables Coefficients t-statistic 

GIF -0.329*** -4.72 

GT -0.024*** -3.13 

ENV_TX -1.082*** -2.74 

Energy 1.006*** 3.15 

GDP 14.804*** 4.74 

MANF 0.166* 1.76 

TRD -0.006 -0.21 

_cons 5.081** 3.12 

Note: ***, **, and * indicates the significance at 1%, 5%, and 10% respectively.  

 

Furthermore, we perform Granger Non-Causality test to determine whether one time series may predict another, 

and to identify the bidirectional relationships between variables of study (Juodis et al., 2021). It evaluates that 

whether past values of one variable may significantly improve the prediction of another variable, and results of 

this test are presented in Table 10. The Granger non-causality test results show that GIF does not Granger-cause 

carbon emission, as indicated by its negative and insignificant coefficient of -0.239. This finding suggests that 

changes in government innovation funding may not have a significant predictive effect on carbon emissions within 

the given model. For GT, Table 10 shows a negative and marginally significant relationship with CO2, which 

suggests that increase in GT leads to subsequently decrease carbon emissions.  

 
Table 10. Granger Non-Causality Test Results 

Variable Coefficient z-Statistic 

GIF -0.239 -1.57 

GT -0.042* -1.84 

ENV_TX -0.404*** -9.03 

Energy 4.162*** 4.01 

GDP 0.189 0.29 

MANF 0.047*** 3.24 

TRD -0.002 -0.63 

Note: ***, **, and * indicates the significance at 1%, 5%, and 10% respectively.  

 

Concluding remarks and recommendations  

 

In response to the global warming and climate change challenges, countries are taking active steps to attain carbon 

neutrality targets. In prior literature, scholars mentioned the beneficial impacts of green innovations and trade of 

green goods, however they did not present the impact of funding aspect of green innovations and dynamic role of 

eco-friendly trade of goods. In previous studies, the international trade basket, represented by trade openness index, 

is used as the measure of environment-friendly, which actually include both environment-friendly goods and not-

environment-friendly goods. Therefore, present study evaluates the dynamic common correlated effects of green 

innovation funding and green trade on environmental quality in OECD countries by using panel data for the period 

of 1994 to 2021. We employed advanced econometric approach of DCCE to tackle the weaknesses of earlier 

methods of panel data such as AMG and MG estimators. Based on the pre-diagnostic results, we employed DCCE 

approach and found that green innovation funding, in form of government’s budget allocations for research, de-

velopment and demonstration, significantly improves the environmental quality by negatively affecting the carbon 

emissions in OECD economies. It is also found that green trade has substantial negative effects on carbon emis-

sions in OECD countries, and thus positively contributing toward environmental quality. These results conclude 

that increased budget allocation for green technology and higher trade volume of environment-friendly goods and 

services significantly improve environmental quality. Furthermore, the impact of green innovation funding and 

green trade on environmental quality is found robust across PMG estimation approach.  

Based on these findings, there could be numerous implications for OECD and environment-intensive countries. 

First, OECD countries are required to increase the trade volume of environment friendly goods and services to 

directly support the sustainable economic growth. This green trade will not only substitute conventional trade to 

support the economic output but also achieve better environmental quality. Second, policymakers should prefer 

green innovation funding to facilitate the diffusion of cleaner and renewable energy technologies for achieving 

sustainable development goals (SDGs) like better health, low-cost and green energy, openness, green infrastruc-

ture, and responsible consumption and production. Third, policymakers should adopt the strategies through which 

green innovation funding and green trade can be strongly linked to support the environmental quality in OECD 
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countries as their individual effects are found highly positive for environmental sustainability. Lastly, OECD coun-

tries should support the development of green technology solutions through the gateways of international and 

bilateral trade, so there can be enhanced integration of SDGs across these nations.  
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