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College‧Guangzhou, barista2021@163gmail.com 

Abstract 

This research examines the combining effect technological innovation and green finnace on economic 
performance in 73 developing economies from 2012 to 2021 by using ecnometric estimation such as 
qunatitle analysis. The research demonstrates that green financing substantially enhances financial 
effectiveness, as quantile-based evaluation reveals, especially in the mid to upper quantiles, with a 
threshold of 0.70. Nonetheless, the benefits diminish above this threshold, suggesting a decrease in 
receptivity at higher income tiers. This indicates that the benefits of green financing are unequally 
distributed across varying degrees of economic success. The results urge developing economies to 
augment expenditure in sustainable green projects rather than conventional, unsustainable 
initiatives. Long-term growth and resiliency rely on the adaptation of economic strategies that 
promote sustainable investments. This encompasses the incorporation of green economics into both 
monetary and non-banking portfolios. Advocating for eco-conscious economic structures may foster 
stable, inclusive, and ecologically viable growth. This outcome further corroborates the conclusions 
of the long-term economic research over the majority of quantiles, except for some higher quantiles 
(0.8, 0.9, and 0.95); the majority of percentiles for environmental financing and mitigating financing 
exhibit favorable correlations with industry values addition. Nonetheless, a rise in funding 
adaptability diminishes the economic value contributed across all quantiles. 

Keywords: green financing; economic performance; quantile regression; sustainable investment; 
developing economies 
 

1. Introduction 

A major challenge identified is the need to integrate green financial principles with traditional 
socioeconomic laws and procedures. This is a significant barrier to attaining a more environmentally 
viable society. This study primarily aims to investigate the dynamic and frequency-based 
relationships between oil costs, energy self-sufficiency, financial sustainability, eco-friendly 
technology development, and fluctuations in the economic cycle. Ongoing environmental 
deterioration and increasing worldwide temperatures have consistently presented significant 
concerns worldwide. In response, international structures such as the Paris Climate Agreement and 
the United Nations' 2030 Agenda have been established to facilitate immediate environmental 
recovery and foster collaborative initiatives for sustainability development. Recent research 
emphasizes that promoting sustainable technology provides a more comprehensive and efficient 
approach to achieving Sustainability Economic Goals. A primary constraint of traditional technical 
methods is their emphasis on optimizing economic gains, often at the detriment of ecological stability 
and social welfare. This disparity substantially hinders progress toward achieving the United 
Nations' sustainable development goals. The study comprehensively examines global warming and 
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emphasizes the necessity for enduring, sustainable measures to mitigate its effects on ecosystems and 
the economy. The impact of the financial cycle on the expansion of ecologically sustainable products 
and activities is a topic of debate. The study emphasizes the need for developing creative financial 
strategies for sustainable firms and argues that additional economic support is essential for 
environmentally friendly operations. 

As a result, there has been a significant rise in the advancement of new eco-friendly technology, 
with countries transitioning from the conventional "harming growth pattern" to the less ecological 
"green development model". (Coban et al., 2023) describe "green technology" as technical 
breakthroughs that are environmentally benign and facilitate reuse, energy preservation, pollution 
control, and productivity improvements. A defining characteristic of sustainable technologies is its 
careful consideration of ecological impacts throughout all phases of production (W. Zhu et al., 2021). 
Approximately 66.7% of nations globally are motivated to invest in and advocate for Greenhouse 
Technological Improvement (GTI), which seeks to integrate economic advancement with 
environmental conservation (M. Yu et al., 2022).  The number of charters related to ecologically 
environmentally conscious endeavors has been increasing consistently throughout the years, at an 
annual rate of approximately 11.5%. By 2023, the World Industrial Property Organization predicts 
that there will be 5 million patent applications submitted globally. Companies' engagement with and 
commitment to GTI initiatives may fluctuate across the financial cycle. From a favorable cyclical 
standpoint, businesses maintain a strong financial position during macroeconomic growth, 
characterized by substantial revenues and attractive fixed-income investments that can serve as 
security (Kouakou & Soro, 2024). (He & Huang, 2021) assert that businesses are increasingly inclined 
to engage in GTI to improve productivity and financial effectiveness. Despite enterprises potentially 
facing diminished efficiency during financial recessions, the anti-cyclical perspective indicates that 
R&D investments may indeed be curtailed (Khan et al., 2022). Authorities would proactively enhance 
the sector via monetary support and other strategies, providing increased opportunities for 
businesses to engage in GTI initiatives and recover from the downturn (Huang & Shen, 2024). The 
evolution of GTI may significantly impact the energy sector.  Numerous advantages can be derived 
from Gas-to-Infrastructure (GTI). 

Consequently, green power generation capacity is increased, energy usage and pollution are 
reduced, and sustainable solutions to the global energy issue are provided (P. Wang et al., 2023). The 
continuous advancement of eco-friendly technologies has concurrently reduced the expenses 
associated with renewable energy sources (Baruk & Goliszek, 2023). The GTI influences the power 
economy in two ways. Consequently, traditional power resources exhibit greater efficiency, while 
green power alternatives are becoming increasingly cost-effective. 

The attainment of sustainability development, the modulation of the financial phase, and the 
promotion of the switch to renewable power are all contingent upon the degree of innovation in 
environmental technologies. Our research has enhanced our understanding of the relationships 
between various components. The study presents a multifaceted network model to examine the 
interconnections among several sectors, including power, ecological creation, financial fluctuations, 
and environmentally acceptable innovation. Despite extensive studies on GTI in isolation, there have 
been limited studies that integrate the four aforementioned elements into a unified paradigm and 
examine their interconnections. This report primarily addresses the existing gap in information or 
investigation within this specific topic. 

This research employed a time-varying variable vector autoregressive (TVP-VAR) framework 
to examine the communication impacts between green technological creativity, oil prices, carbon 
emissions, sustainability growth, and the financial cycle. The investigation aims to discern the 
characteristics of these relationships across both short- and long-term perspectives. The findings are 
delineated over three principal aspects. Preliminary static evaluations suggest that the 
interrelationships between the factors were more pronounced in the near term compared to the long 
term. Healthy growth was identified as a significant source of impact, although the financial cycle 
was the primary beneficiary.  The static findings indicate that the degree and location of spillover 
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impacts vary based on the period and frequency analyzed.  Following the COVID-19 pandemic, 
worldwide initiatives have focused on financial recovery, including the introduction of 
supplementary regulatory safeguards to mitigate societal risk. Green technological growth was 
primarily influenced by oil prices and the economic cycle in the long run, establishing it as a 
beneficiary of external shocks in both directional and bilateral linkages. Furthermore, green 
technological innovation is increasingly aligned with the parameters established by carbon footprint 
reduction and sustainability growth metrics. 

The contributions of this work are delineated as follows. Initially, considering that previous 
research in this domain is predominantly centered in 73 emerging economies, our investigation, 
which emphasizes a substantial sample of emerging economies, constitutes a notable addition to the 
existing research. Thus, I enhance the knowledge of sustainable financing and its macroeconomic 
significance with a novel sample. Secondly, I employ various metrics to estimate the impact of green 
finance. I explicitly examine the influence of green financing on industry output in emerging 
countries through various proxies of greener financing. To our understanding, no previous research 
has assessed green financing utilizing diverse metrics as I have. The utilization of many green finance 
indicators underscores the stability of our investigation findings, a characteristic not present in all 
prior studies within the same domain. Third, regarding method, our research offers a rigorous 
approach by comparing three distinct estimation methods qunatitle analysis to analyze the influence 
of various green financing variables on manufacturing efficiency, a technique not previously 
employed in past research to our knowledge. 

This study is structured as follows.  The second element consists of an extensive research 
review and a detailed assessment of prior articles. The final part explains the facts and the 
methodology used. The fourth section comprises an assessment. The last segment is completed. 

2. Literature Review 

2.1. Advancement in Eco-Friendly Innovations and Enduring Sustainability 

Achieving responsible economic goals and mitigating adverse environmental impacts 
necessitates the Reduction of Global Temperature Increase (GTI). Green Technology Innovation 
(GTI), as stated by Xu et al. (2022), is essential for the development of eco-friendly products and, 
consequently, for enhancing corporate stability. (Shen et al., 2023). emphasized the significance of 
GTI in mitigating ecological costs and fostering long-term viability, noting its integration of 
environmental and technological considerations.  The use of GTI enhances sustainable 
development, as evidenced by (Xin et al., 2023).Avia augmented energy productivity, optimized 
economic procedures, and reduced polluting discharges. (Mohammed et al., 2023).have emphasized 
the significance of GTI in helping firms achieve their green development goals and improve their 
environmental performance. Ludwikowska and Tworek (2022) highlighted GTI as a crucial strategic 
decision that promotes the transition to low-carbon activities and ensures the long-term sustainability 
of businesses. The application of green technology (GTI) can reduce ecological footprints and yield 
substantial improvements in environmental quality, both in the short and long term (Su et al., 
2024).GTI enhances ecological stability by substituting obsolete equipment with more sustainable 
and cost-efficient alternatives, as demonstrated by (X. Zhao et al., 2022). Government action, as stated 
by (Raza et al., 2023)), will promote Green Technology Innovation (GTI), compelling firms to 
prioritize the environment and accelerate the transition to a sustainable economy. 

2.2. The Correlation Between Advancements in Sustainable Technologies and Finacial Expansion 

The correlation between GTI and GDP growth has been examined from two primary viewpoints 
thus far.  The Global Terrorism Index (GTI) exhibits a strong correlation with macroeconomic 
growth and success. Although GTI has sustained consistent industrial expansion with minimal 
environmental impact, (M. Zhu et al., 2023) identified that Singapore's rapid expansion has led to 
considerable ecological degradation. (Hailemariam et al., 2022)found that GTI's ecological attributes 
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might substantially enhance the city's sustainability image. This is expected to strengthen both its 
comparative advantage and socioeconomic growth, according to a study by (Hossin et al., 2023). The 
BRICS nations might substantially reduce their energy consumption with the implementation of 
Green Technology Innovation (GTI). This may facilitate the advancement of economic growth from 
its initial stages to subsequent ones. According to (Yang et al., 2023)), GTI has a significant influence 
on environmental pollution and financial prosperity at the local level.  However, the link between 
GTI and economic development is low. As stated by (Ngoc et al., 2024b), enterprises ought to 
prioritize their environmental obligations over monetary, managerial, and technical factors while 
implementing Green Technologies Innovations (GTI). Due to shifts in cognition and resource 
availability, financial effectiveness may decline as a result of this transformation. The protracted 
duration necessary for GTI to yield profits, as noted by Li et al. (2022), exposes shareholders to 
financial losses and impedes socioeconomic progress. As stated by (Abbas et al., 2020), GTI incurs 
higher expenses and greater unpredictability, thereby dissuading investments and hindering 
economic progress. 

2.3. The Correlation Between the Advancement of Sustainable Technologies and the Increase in Energy Costs 

The influence of fuel expenses on GTI has been the focus of a growing amount of research 
studies. The majority of these experiments have demonstrated a robust and straightforward 
association between energy expenditures and GTI. (D. Zhang et al., 2021)assert that sustainable 
power firms are more inclined to engage in Green Technology Innovation (GTI) during periods of 
rising oil prices. Energy prices substantially influence China's advancement in sustainable power 
development, as noted by (Jahanger et al., 2023). However, when disparities in energy prices increase, 
this effect diminishes in significance. The mean value significantly influences China's Global 
Terrorism Index (GTI), as identified by (R. Wang et al., 2023).Businesses may be incentivized to 
engage in Green Technology Innovation (GTI) to reduce their dependence on oil and safeguard 
against price sensitivities in the event of rising oil prices, as noted by (Feng et al., 2023). Conversely, 
recent research indicates that GTI's elevated energy expenses may hinder its adoption. According to 
(W. Yu et al., 2024), oil cost shocks affected enterprises' gross total income (GTI) in two ways: the first 
related to more stringent environmental regulations and the second to improved fuel economy. 
Persistent elevated oil prices, as noted by (Hunjra et al., 2024), might profoundly influence the Global 
Technological Index (GTI), especially for advances designed to address environmental change. As 
stated by (Li et al., 2024), rising energy costs have deterred gasoline and petroleum purchases, which 
has adversely affected the Gas Trade Index (GTI) in European countries. 

2.4. Research Hypotheses 

The primary aim of this research is to examine the interconnections between the electrical 
industry, ecological sustainability, financial phases, and innovations in green technologies. Although 
previous studies have primarily focused on the relationship between green technology development 
and factors like energy pricing and ecological financing, they often lack a comprehensive 
methodology that unifies these interrelated components. This study fills the gap by using a thorough 
analysis method to examine the relationships among green creativity, economic networks, and 
ecological frameworks. The research employed time-frequency domain analyses to distinguish 
between short-term and long-term effects. It further delineates the degree to which diverse 
components function as either generators or receivers of environmental and financial repercussions. 
The premises suggest that authorities and corporations respond to financial fluctuations by adopting 
sustainable behaviors and integrating new environmental technologies. The study highlights the 
importance of integrating ecological finance into macroeconomic planning to foster sustainable 
growth. This study builds upon prior work by examining the role of banking organizations in 
promoting environmental technology and facilitating climate change prevention. 

The majority of prior research on GTI's sustainability has focused on its connection to fuel 
expenses and ecological economy. This research primarily focuses on regions requiring further 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 July 2025 doi:10.20944/preprints202507.2218.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.2218.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 25 

 

improvement. A cohesive methodology for investigating the relationship between GTI, sustainable 
growth, the economy, and fuel is absent. This research aims to integrate various components into a 
comprehensive system to analyze their structural characteristics and dynamic evolutionary trends. It 
is essential to distinguish the impact of the parts over time. This article employs time-frequency 
domain research to examine the immediate and overtime performance of the factors. It also 
differentiates between the roles of broadcaster and recipient. 

The research investigates existing knowledge regarding climatic warming and its detrimental 
effects on habitats and the economy. This article analyses the responses of authorities and 
corporations to financial cycles through the adoption of sustainability behaviors and eco-friendly 
technologies. A recent study suggests that economic policies should incorporate environmental and 
financial principles to promote sustainability and prosperity. This analysis builds beyond previous 
research by emphasizing the significance of technological invention in addressing environmental 
warming and enhancing economic growth. This study highlights the crucial role of financial 
institutions in promoting green initiatives and enhancing ecological resilience by integrating data 
from multiple sources. 

This article analyses the responses of authorities and corporations to the macroeconomic cycle 
through the adoption of sustainability policies and eco-friendly technologies. Previous research 
indicates that economic policies should incorporate environmental financing principles to promote 
sustainable development. This study builds upon earlier research by emphasizing the significance of 
technological invention in addressing environmental warming and enhancing socioeconomic 
growth. This study, which integrates information from multiple reports, underscores the importance 
of economic networks in promoting green initiatives and fostering ecological stability. 

3. Data and Methodology 

3.1. Data 

This study seeks to examine the impact of environmental financing on industry efficiency 
(industry value added as a percentage of GDP) in 73 emerging nations from 2000 to 2019. The 
pertinent data are sourced from the World Bank (2024a). To quantify our principal variable of 
passion, environment financing, I employ three classifications of climate funds: (i) worldwide 
environment cash, (ii) recipients nations environment changes fun, (iii) environment reduction cash 
( (iv) worldwide environment cash as a percentage of GDP  (v) environment prevention funds as a 
percentage of GDP  (vi) recipients nation environment adapting funds as a percentage of GDP.  The 
pertinent data are sourced from the OECD (2024).The model incorporates three control variables: (i) 
person GDP, (ii) urbanized populace as a percentage of the overall populace, and (iii) finance growth 
quantified by foreign lending to the commercial sectors as a percentage of GDP. The pertinent 
statistics are sourced from the World Bank (2024b). 

3.2. The CS-ARDL Methodology Proposed by Chudik and Pesaran (2015) 

This research employs the empirical approach established by Chudik and Pesaran in 2015 to 
examine the short-term reactions and long-term effects of ecological investments on decreasing 
patterns over time. This method is deemed superior to other prevalent strategies, such as the 
enhanced mean group estimation, the commonly associated impacts of average group estimation, 
and the aggregated means group estimated. The primary rationale for choosing this strategy is its 
capacity to identify longitudinal dependency and offer reliable long-term outcomes. Furthermore, it 
considers architectural problems, temporal fluctuations throughout diverse groups, and the existence 
of unobserved shared factors. The across-regions augmented self-regressive distribution lag Theory 
is expressed in the following operational form: ∆𝐿𝑛𝐼𝑁𝐷௜௧ = ∅଴ + ∑  ௣௜ୀଵ  𝛿ଵ௜𝐶𝑙𝑖𝑚𝑎𝑡𝑒 𝐹𝑖𝑛𝑎𝑛𝑐𝑒௜,௧ିଵ + ∑  ௣௜ୀଵ 𝛿ଶ௜𝐿𝑛𝑃𝐺𝐷𝑃௜,௧ିଵ + ∑  ௣௜ୀଵ 𝛿ଷ௜𝐿𝑛𝑈𝑅𝐵௜,௧ିଵ +∑  ௣௜ୀଵ 𝛿ସ௜𝐿𝑛𝐹𝐷௜,௧ିଵ + ∑  ௟௜ୀ଴ 𝛿௜௟𝐶𝑆𝐴௜,௜ି௧ + 𝜑௜௧                                               (1)                              
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3.3. Panel Generalized Method of Moments (PGMM) Estimations 

The panel's generalized technique of minutes addresses difficulties related to variability, 
measurement errors, unexplained variation, and missing factor bias. Consequently, I employ this 
strategy to provide impartial and effective outcomes (Machhirake et al., 2024). It may be expressed    𝐿𝑛𝐼𝑁𝐷௜௧ = 𝛾ଵ𝐸𝑥𝑝.𝑉𝑎𝑟௜௧ + 𝛾ଶ𝐸𝑛𝑑.𝑉𝑎𝑟௜௧ + 𝑣௜ + 𝑛௜,௧                          (2) 

In this model, the subscript i represents individual countries, ranging from 1 to n, while t denotes 
time periods, ranging from 1 to m.  

3.4. MM-QREG Methodology by Rios-Avila (2020) 

I employ the MM-QREG methodology established by  (Josaiman et al., 2021). to assess the 
influence of environmental financing on industry production cycles at the bottom, medium, and top 
segments of the organization's distributions symmetrically. The primary benefit of  (Colenbrander 
et al., 2023).Measure Research is that it accommodates numerous constant variables in the least 
squares quantile regression models. It utilizes regeneration and analysis of standard deviations. It 
evaluates the impacts of locality and size by modifying the degrees of variation among quantiles. 
This is a GMM predictor that permits resilient and clustering normal deviations. The MM-QREG 
equation can be expressed as follows: 𝑌 =∝ +𝑋ሖ𝛽 + 𝜎ሺ𝛿 + 𝑍ᇱ𝛾ሻ𝑈.                                     (3) 

In this specification, Y represents the dependent variable, while X́ denotes a differentiable 
transformation vector that can be derived from the ratio of Z transposed to Z, which is proportionally 
related to a combination of parameters including beta, delta, gamma, and certain unidentified 
components. The vector Z is a known vector with k elements and is defined as a function P of the 
standard deviation applied to the sum of delta and the transposed Z multiplied by gamma. The 
unspecified or unobservable influences within the model are denoted by U. Accordingly, Equation 
(3) can be reformulated as follows: 𝑄ఊሺ𝜏|𝑋ሻ = 𝛼 + 𝑋ᇱ𝛽 + 𝜎ሺ𝛿 + 𝑍ᇱ𝛾ሻ𝑞ሺ𝜏ሻ                            (4) 

3.5. Panels Cointegration Test Accommodating Longitudinal Dependency 

The primary reason for employing panels cointegration is the provision of strong findings in the 
presence of cross-sectional dependence (CSD). To evaluate the sustainability of our results, I 
employed the bootstrapping panels integration test introduced by (Xie et al., 2022). 𝜙௜ᇱ = ሺ𝜙଴௜ ,𝜙ଵ௜ሻᇱ,𝑑௧ = ሺ1, 𝑡ሻᇱ, 𝜆௜ᇱ = −𝛼௜𝛽௜ .                                (5) 

3.6. Dynamic Panel Threshold Regression 

I employ the static thresholds model proposed by  (Qi et al., 2024). to analyze the correlation 
between environmental funding allocations and production oscillations. This is an extended model 
of the cutoff analysis developed by  (Feng et al., 2023). and (DasGupta & Roy, 2023). According to 
the thresholds approach proposed by (Rafique et al., 2021), conversion methods cannot be employed 
to negate the distributional hypotheses established by Hansen (1999) and Caner and Hansen (2004) 
for nation-specific impacts.  The primary benefit of the static thresholds approach is its ability to 
identify sequential correlations in the converted mistakes. Secondly, it elucidates the quadratic 
relationship between carbon funding allocations and fluctuations in industry output. Third, it 
incorporates a smoothness requirement by introducing a threshold parameter. Ultimately, it 
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accommodates various functional shapes for robust outcomes in complex information frameworks. 
The subsequent examples can articulate the relationship among these factors: 𝐿𝑛𝐼𝑁𝐷௜௧ = 𝜇௜ + 𝛽ଵ(𝐶𝑙𝑖𝑚𝑎𝑡𝑒 𝐹𝑖𝑛𝑎𝑛𝑐𝑒௜,௧ିଵ𝐼(𝐺𝐷𝑃𝐺௜௧ ≤ 𝛾ଵሻ + 𝛽ଶ𝑋௜,௧ିଵ + 𝜀௜௧                (6) 

The model presented is a single barrier approach, positing the presence of a single barrier in 
industry production cycle. 

4. Empirical Findings and Discussion  

4.1. Summarize Stats and Relationships 

Table 1's descriptive statistics elucidate the essential structure and attributes of the factors under 
question. All data are exchanged in exponential form for initial and over-time economic studies. The 
average variation of the adaption financing money is the greatest amongst the factors. Nonetheless, 
the variances in all other factors are likewise significant, rendering our findings credible. The 
economic research assesses the volatility of dependent factors in response to changes in free factors 

Table 1. Summary of Qualitative Data. 

Variable Source Obs Mean Std. Dev. Min Max 𝐼𝑁𝐷 World Bank(2025)2570 4.398 0.436 3.355 5.550 𝐶𝐹 OECD (2025) 2570 8.980 4.455 0.000 27.28 𝐴𝐹 OECD (2025) 2570 6.553 6.682 0.000 25.87 𝑀𝐹 OECD (2025) 2570 8.698 4.359 0.000 26.97 𝐶𝐹𝐺𝐷𝑃 OECD (2025) 2570 2.068 0.706 0.000 3.000 𝐴𝐹𝐺𝐷𝑃 OECD (2025) 2570 0.686 0.794 0.000 2.880 𝑀𝐹𝐺𝐷𝑃 OECD (2025) 2570 2.006 0.692 0.000 2.885 𝑃𝐺𝐷𝑃 World Bank (2025b) 2570 8.828 0.802 6.666 8.794 𝑈𝑅𝐵 World Bank (2025b) 2570 4.997 0.528 3.686 5.669 𝐹𝐷 World Bank (2025b) 2535 4.408 0.886 0.482 6.225 

       

Table 2 presents the bilateral relationship. All explaining variables, except for socioeconomic 
development and urbanization, have a negative correlation with increased manufacturing value.  
Climate, change, and reduction funding are quantified in totals. The correlations between financial 
metrics, expressed as a proportion of GDP, are anticipated to have significant favorable relationships. 
Indeed, one observes the association values among CF and CFGDP, AF and AFGDP, as well as MF 
and MGGDP. The significant correlation scores between the parameters render them appropriate for 
advanced economic analysis. 
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Table 2. Correlation matrix. 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (1) 𝐼𝑁𝐷 2.000          (2) 𝐶𝐹 −0.038 2.000         (3) 𝐴𝐿𝐹 −0.065 0.786 2.000        (4) 𝑀𝐹 −0.035 0.888 0.687 2.000       (5) 𝐶𝐹𝐺𝐷𝑃 −0.345 0.887 0.738 0.868 2.000      (6) 𝐴𝐹𝐺𝐷𝑃 −0.269 0.698 0.802 0.588 0.820 2.000     (7) 𝑀𝐹𝐺𝐷𝑃 −0.357 0.864 0.588 0.882 0.868 0.688 2.000    (8) 𝑃𝐺𝐷𝑃 0.449 0.083 0.207 0.088 −0.297 −0.082 −0.305 2.000   (9) 𝑈𝑅𝐵 0.487 −0.002 0.064 0.022 −0.289 −0.085 −0.294 0.877 2.000  (10) 𝐹𝐷 −0.028 0.454 0.343 0.463 0.257 0.253 0.256 0.608 0.363 2.000 

           

4.2. Initial Economic Assessments 

Before utilizing economic instruments for long-term economic research, it is crucial to verify the 
existence of and the prerequisites for such studies.  Table 3 displays the outcomes derived from the 
cross-section-dependent analysis (Ahmad et al., 2022). The table indicates that all factors exhibit 
longitudinal dependence. A basic conclusion derived from longitudinal dependency is that specific 
similar socioeconomic characteristics exist among the longitudinal units (countries), influencing both 
the dependent and uncontrolled factors in question. The second-generation economic approaches are 
dependable for addressing longitudinal reliance, as immigrant approaches fail to account for it. 

Table 3. Pesaran's (2015) cross-sectional dependency analysiss. 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒              𝐶𝐷 − 𝑡𝑒𝑠𝑡 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐽𝑜𝑖𝑛𝑡 𝑇 𝐼𝑁𝐷 22.87*** 20 𝐶𝐹 273.38*** 20 𝐴𝐹 333.0*** 20 𝑀𝐹 253.0*** 20 𝐶𝐹𝐺𝐷𝑃 235.9*** 20 𝐴𝐹𝐺𝐷𝑃 298.6*** 20 𝑀𝐹𝐺𝐷𝑃 95.78*** 20 𝑃𝐺𝐷𝑃 290.4*** 20 𝑈𝑅𝐵 264.4*** 20 
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𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒              𝐶𝐷 − 𝑡𝑒𝑠𝑡 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐽𝑜𝑖𝑛𝑡 𝑇 𝐹𝐷 87.95*** 17 

   

The CIPS method for sequential unit root testing is employed, and the findings are presented in 
Table 4 below. The factors may exhibit conflicting levels of integration. All aspects, except for 
macroeconomic development and manufacturing value-added, are averaged at zero, I(0), or fixed at 
specific levels. The heterogeneous sequence of integration among the factors is appropriate for 
assessing cooperation among all. 

Table 4. Single roots check for CIPS panels. 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝐴𝑡 𝑙𝑒𝑣𝑒𝑙 𝐴𝑡 𝑓𝑖𝑟𝑠𝑡 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝐼𝑛𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝐼𝑁𝐷 −2.679 −4.758*** I(1) 𝐶𝐹 −5.079*** −6.608*** I(0) 𝐴𝐹 −5.488*** −6.445*** I(0) 𝑀𝐹 −5.038*** −6.606*** I(0) 𝐶𝐹𝐺𝐷𝑃 −4.973*** −6.626*** I(0) 𝐴𝐹𝐺𝐷𝑃 −4.880*** −6.292*** I(0) 𝑀𝐹𝐺𝐷𝑃 −4.886*** −6.453*** I(0) 𝑃𝐺𝐷𝑃 −2.868 −4.040*** I(1) 𝑈𝑅𝐵 −20.28*** −4.888*** I(0) 𝐹𝐷 −3.007** −22.64*** I(0) 

    

Likewise, economic uncertainty over adaption is present in industrialized nations (Y. Zhao et 
al., 2024). The discourse around adaptive financing in industrialized nations remain unresolved when 
the business economy is taken into account.  Differences persist over the goal and method of 
corporate industry engagement in adapting finance inside affluent nations. The profit-driven 
commercial economy confronts a compromise between capital returns and ecological costs. 
Conversely, less assistance has been provided to date, notwithstanding the substantial commitments 
made by affluent nations as adaptation funding for developing nations (Muzayanah et al., 2022). This 
inadequate sum is sufficient to have a significant economic and environmental impact in 
underdeveloped nations. 

Table 6 indicates that abatement money is positively correlated with industry-added value, 
similar to environmental financing. In other words, enhanced mitigating financing promotes the 
enhancement of economic value.  The outcomes can be ascribed to both socioeconomic and 
psychological variables. Similar to environmental funding, mitigating financing may enhance the 
capital influx to industries that generate less environmentally damaging goods or factories that 
release minimal amounts to achieve their output. Output.  Remediation funding facilitates the 
allocation of resources from pollution-intensive industries to environmentally sustainable output. 
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Thus, mitigating money exerts a scaled impact on industry productivity by enhancing the creation of 
fewer polluting items. 

Table 6. Prolonged-term assessments. 
 𝐶𝑆 − 𝐴𝑅𝐷𝐿 𝑃𝑎𝑛𝑒𝑙 𝐺𝑀𝑀 𝐹𝐺𝐿𝑆 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑆𝑡𝑑. 𝑒𝑟𝑟𝑜𝑟 Coefficient 𝑆𝑡𝑑.  𝑒𝑟𝑟𝑜𝑟 

𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑆𝑡𝑑.  𝑒𝑟𝑟𝑜𝑟 𝑀𝑜𝑑𝑒𝑙2.2: 𝐼𝑁𝐷 = 𝑓(𝐶𝐹,𝑃𝐺𝐷𝑃,𝑈𝑅𝐵,𝐹𝐷) 𝐶𝐹 0.003 0.002 0.005* 0.003 0.033*** 0.004 𝑃𝐺𝐷𝑃 0.282** 0.085 0.203*** 0.026 0.299*** 0.028 𝑈𝑅𝐵 0.482 0.988 0.257*** 0.038 0.597*** 0.044 𝐹𝐷 −0.060** 0.033 −0.085*** 0.023 −0.088*** 0.027 𝑀𝑜𝑑𝑒𝑙2.3: 𝐼𝑁𝐷 = 𝑓(𝐴𝐹,𝑃𝐺𝐷𝑃,𝑈𝑅𝐵,𝐹𝐷) 𝐴𝐹 −0.003 0.004 −0.003 0.002 −0.004 0.003 𝑃𝐺𝐷𝑃 0.267 0.262 0.200*** 0.026 0.293*** 0.028 𝑈𝑅𝐵 2.578 9.985 0.259*** 0.038 0.630*** 0.045 𝐹𝐷 −0.093* 0.055 −0.094*** 0.023 −0.066*** 0.026 𝑀𝑜𝑑𝑒𝑙2.4: 𝐼𝑁𝐷 = 𝑓(𝑀𝐹,𝑃𝐺𝐷𝑃,𝑈𝑅𝐵,𝐹𝐷) 𝑀𝐹 0.002 0.002 0.006** 0.003 0.033*** 0.004 𝑃𝐺𝐷𝑃 0.238* 0.079 0.204*** 0.026 0.298*** 0.028 𝑈𝑅𝐵 −0.088 0.828 0.256*** 0.038 0.596*** 0.044 𝐹𝐷 −0.057** 0.034 −0.086*** 0.023 −0.200*** 0.027 𝑀𝑜𝑑𝑒𝑙3.2: 𝐼𝑁𝐷 = 𝑓(𝐶𝐹𝐺𝐷𝑃,𝑃𝐺𝐷𝑃,𝑈𝑅𝐵,𝐹𝐷) 𝐶𝐹𝐺𝐷𝑃 0.008 0.008 0.079*** 0.027 0.078*** 0.027 𝑃𝐺𝐷𝑃 0.277** 0.085 0.285*** 0.028 0.286*** 0.028 𝑈𝑅𝐵 −0.003 0.882 0.582*** 0.045 0.582*** 0.045 𝐹𝐷 −0.060** 0.032 −0.089*** 0.026 −0.088*** 0.026 𝑀𝑜𝑑𝑒𝑙2.3: 𝐼𝑁𝐷 = 𝑓(𝐴𝐹𝐺𝐷𝑃,𝑃𝐺𝐷𝑃,𝑈𝑅𝐵,𝐹𝐷) 𝐴𝐹𝐺𝐷𝑃 0.006 0.024 0.003 0.025 0.003 0.25 𝑃𝐺𝐷𝑃 0.268* 0.098 0.293*** 0.028 0.293*** 0.028 𝑈𝑅𝐵 0.677 0.960 0.629*** 0.044 0.628*** 0.045 𝐹𝐷 −0.063** 0.034 −0.068*** 0.026 −0.07*** 0.026 
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 𝐶𝑆 − 𝐴𝑅𝐷𝐿 𝑃𝑎𝑛𝑒𝑙 𝐺𝑀𝑀 𝐹𝐺𝐿𝑆 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑆𝑡𝑑. 𝑒𝑟𝑟𝑜𝑟 Coefficient 𝑆𝑡𝑑.  𝑒𝑟𝑟𝑜𝑟 
𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑆𝑡𝑑.  𝑒𝑟𝑟𝑜𝑟 𝑀𝑜𝑑𝑒𝑙3.4: 𝐼𝑁𝐷 = 𝑓(𝑀𝐹𝐺𝐷𝑃,𝑃𝐺𝐷𝑃,𝑈𝑅𝐵,𝐹𝐷) 𝑀𝐹𝐺𝐷𝑃 0.009 0.008 0.082*** 0.027 0.082*** 0.028 𝑃𝐺𝐷𝑃 0.474** 0.257 0.287*** 0.028 0.288*** 0.028 𝑈𝑅𝐵 4.873 6.985 0.599*** 0.045 0.599*** 0.045 𝐹𝐷 −0.045 0.052 −0.088*** 0.026 −0.088*** 0.027 

       

4.3. Evaluation of Linear Long-Term Associations 

Table 6 displays the outcomes of the long-term economic study. Environmental financing 
exhibits a substantial favorable correlation with economic sector addition. This discovery is 
environmentally advantageous. It serves as the equilibrium nexus between economics and the 
environment. The favorable correlation between the parameters can be ascribed to two primary 
explanations. Firstly, environmental financing can immediately and beneficially generate 
expenditure and production opportunities in green and renewable sectors  (Gyamfi et al., 2020). 
Secondly, climate financing can mitigate the impacts of environmental alteration on development 
outcomes while ensuring that overall development remains unimpeded (Ahmed et al., 2024). 

Moreover, investing in weather resiliency enhances future financial development potential, 
draws new capital possibilities, and increases industry output. Recently, environmental financing has 
gained prominence due to its potential to provide financial flexibility and social stability in the past. 
Climate financing has been allocated to the sustainable and greener energy industry. This sector 
offers both financial opportunities and environmental benefits.  Investment in the green electricity 
industry yields substantial machinery for the generation and distribution of power. 

Likewise, energy storage systems require substantial academic and technological expertise to 
ensure power safety. This elevates the output capacity in the associated economic areas and enhances 
the economic value added. Environmental financing also embodies climate awareness. The emotional 
and psychological elements enhanced by environmental funding stem from optimistic projections for 
sustained financial development. A climate-conscious culture is more likely to attain environmentally 
balanced growth. This can facilitate a steady increase in business value.  Fischer (2017) asserts that 
global financing is expanding in response to the threat of climate change. While the primary objective 
of international funding is not financial growth, its beneficial influence on global change mitigation 
can yield favorable economic outcomes. This effect extends beyond the nations getting financial aid. 
The fiscal repercussions can extend to donating states about international trade with neighboring 
countries.  Consistent with our findings, Román et al. (2018) identified four parameters that measure 
the macroeconomic impact of climate financial planning: extra value quantity, domestic multiplier, 
foreign multiplier, and trade structure. 

Unexpectedly, I discovered an inverse correlation between adaptation financing and economic 
revenue addition. A rise in weather adaptation financing deters the enhancement of economic output. 
This result can be attributed to the fact that the climate adaptation system remains in a state of decline. 
The prevailing view among activists that the climate warming dilemma may be addressed through 
output reduction or positive development aligns with the findings (Victor, 2012). Adapting to 
climatic warming through economic measures necessitates significant changes in the economic 
sector, particularly in output. The issues associated with global warming necessitate fossil 
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independence and a cap on fossil production. A clear and favorable correlation between emissions 
levels and output levels is frequently observed in the business sector (Sachan et al., 2025). Green 
advocates for lowering emission levels by implementing production reductions. This may 
consequently diminish the total industrial value added. 

Likewise, not all economic areas are climate-adaptive, as they need study and education to 
transition to climate-resilient manufacturing methods. The nascent environmental sector may 
experience output reductions as a result of implementing climate change adaptation strategies, 
thereby diminishing its economic value.  Likewise, an additional economic point regarding 
accessibility might be presented. Initially, the high costs of climate adaptation technology may restrict 
economic units with limited financial capabilities from scaling up their output in their plants. This 
may also lead to decreased manufacturing; hence, the stated manufacturing appreciation may be 
restricted. 

Moreover, mitigating financing offers an optimistic financial perspective for future green 
development initiatives (Zheng et al., 2024). This enhances entrepreneurs' trust in establishing new 
economic output facilities and increasing the output of current ones. This thereby enhances the total 
industrial value produced. Likewise, augmented mitigation funding signifies a pursuit of healthy 
socio-economic growth (Y. Zhang et al., 2024). Producers identify opportunities for production 
expansion within an environmentally responsible growth framework, resulting in an average rise in 
economic worth. The beneficial effect of abatement funding on industry value addition is linked to 
the criteria established for obtaining such financing from wealthy nations, as noted by (Zheng et al., 
2025). The analysis indicates that rising nations characterized by carbon-intensive manufacturing 
methods diminished average national income and appropriate 

Our study identified significant correlations between macroeconomic development and phases 
of industry efficiency. This conclusion is anticipated, considering the prevailing research and 
foundational macroeconomic principles regarding national income accounting. Economic volume 
contributed constitutes a segment of national income. An increase in per-person income resulting 
from an increase in national income can significantly enhance manufacturing value addition (Abid 
et al., 2021) In the cyclical circulation of revenue within an economy, the augmented income is 
allocated to commercial and industry entities. If the family money (per capita income) surpasses use, 
the surplus income is preserved. A proficient financial system channels savings into worthwhile 
commercial endeavors. This subsequently leads to increased investments, work, and production. The 
consequent effects of aggregate productive expansion and heightened manufacturing value addition 
are attributable to socioeconomic development. 

Table 6 indicates a favorable correlation between urbanization and industry value addition. The 
heightened urbanization of a society amplifies its industrial worth. Cities typically possess superior 
infrastructure, elevated family income, and a greater desire for products and activities compared to 
rural regions. It is accurately stated that increased urbanisation stimulates heightened financial 
activities in both output and spending. A steady increase in demand-driven production is essential 
to maintain a specific level of life (Lei et al., 2022). The need for city facilities generates opportunities 
for investments and economic expansion, with financial resources transferring from the city populace 
to industry manufacturing facilities. Consequently, steady and constant metropolitan demographic 
growth may enhance economic viability. 

Our study identified significant correlations between macroeconomic development and cycles 
of industry efficiency. This conclusion is anticipated, considering the prevailing research and 
foundational macroeconomic principles regarding national income reporting. Economic value 
contributed constitutes a segment of national income. An increase in per-person revenue resulting 
from a rise in national income can directly enhance manufacturing value-added (Álvarez-Piñeiro et 
al., 2024). In the cyclical flow of revenue within a financial system, the increased revenue is allocated 
to commercial and industrial entities. If the family money (per capita income) surpasses use, the 
surplus money is preserved. A proficient finance structure channels resources into worthwhile 
socioeconomic endeavors. This subsequently stimulates investment, jobs, and production—the 
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consequential effects of aggregate production expansion and increased industry value attributable to 
socioeconomic development. 

Table 6 indicates a favorable correlation between urbanisation and industry revenue addition. 
The escalation of urbanization within a civilization amplifies its industrial worth. City regions 
typically possess superior infrastructure, higher family income, and a greater demand for products 
and activities compared to rural areas. It is accurately stated that increased urbanization stimulates 
higher financial activities in both output and spending. A steady increase in demand-driven 
production is essential to maintain a specific level of life (Tzeremes et al., 2023). The need for city 
facilities generates opportunities for investments and economic expansion, directing financial 
resources from the city populace to industry manufacturing facilities. Consequently, steady and 
constant urban demographic growth may enhance economic productivity.\ 

Unexpectedly, the majority of estimated findings indicate that personal home credit constrains 
economic output. This discovery necessitates additional empirical investigation to confirm the 
connection definitively.  Nonetheless, an imbalanced monetary progression inside an economy can 
diminish the supplementary economic value. Unregulated home loans from lenders, without 
adequate assessment of the viability of firms and enterprises, lead to the accumulation of ineffective 
assets, adversely affecting the industry's production cycle. Although credit expands, it does not 
enhance the economic worth, and manufacturing value-added remains stagnant. Moreover, the 
accumulation of ineffective loans hinders the lending cycle. The banks are apprehensive about 
granting mortgages. In such circumstances, the producer's enterprise has limited financial means to 
increase production. Table 7 presents the findings of the quantile analysis.  

Table 7. Quantile analysis using the technique of components. 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑄𝑢𝑎𝑛𝑡𝑖𝑙𝑒 𝐿𝑒𝑣𝑒𝑙 𝐿𝑜𝑐𝑎𝑡𝑖  𝑆𝑐𝑎𝑙𝑒 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.7 0.75 

𝑀𝑜𝑑𝑒𝑙2.2: 𝐼𝑁𝐷 = 𝑓(𝐶𝐹,𝑃𝐺𝐷𝑃,𝑈𝑅𝐵,𝐹𝐷) 

𝐶𝐹 
0.006
* 

−0.00
6*** 

−0.00
6*** 

0.008
*** 

0.009
*** 

0.007
** 

0.006
* 

0.005 0.003 
−0.00
0 

−0.00
5 

−0.00
7 

𝑃𝐺𝐷𝑃 
0.204
*** 

0.074
*** 

0.074 
0.047
** 

0.067
*** 

0.089
*** 

0.089
*** 

0.225
*** 

0.252
*** 

0.280
*** 

0.326
*** 

0.352
*** 

𝑈𝑅𝐵 
0.258
*** 

−0.07
6*** 

−0.07
6*** 

0.326
*** 

0.285
*** 

0.283
*** 

0.263
*** 

0.246
*** 

0.209
*** 

0.089
* 

0.043 0.006 

𝐹𝐷 
−0.08
6*** 

−0.04
7*** 

−0.04
7** 

−0.06
7*** 

−0.07
9*** 

−0.09
0*** 

−0.08
3*** 

−0.20
2*** 

−0.22
7*** 

−0.24
4*** 

−0.26
8*** 

−0.28
5*** 𝑀𝑜𝑑𝑒𝑙2.3: 𝐼𝑁𝐷 = 𝑓(𝐴𝐹,𝑃𝐺𝐷𝑃,𝑈𝑅𝐵,𝐹𝐷) 

𝐴𝐹 
−0.00
3 

−0.00
2 

−0.00
0 

−0.00
2 

−0.00
2 

−0.00
3 

−0.00
3 

−0.00
3 

−0.00
4* 

−0.00
4* 

−0.00
5* 

−0.00
6* 

𝑃𝐺𝐷𝑃 
0.200
*** 

0.078
*** 

−0.00
4 

0.038
* 

0.063
*** 

0.086
*** 

0.085
*** 

0.223
*** 

0.248
*** 

0.280
*** 

0.328
*** 

0.358
*** 

𝑈𝑅𝐵 
0.258
*** 

−0.08
3*** 

0.372
*** 

0.339
*** 

0.302
*** 

0.286
*** 

0.266
*** 

0.246
*** 

0.207
*** 

0.083
* 

0.028 
−0.02
3 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 July 2025 doi:10.20944/preprints202507.2218.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.2218.v1
http://creativecommons.org/licenses/by/4.0/


 14 of 25 

 

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑄𝑢𝑎𝑛𝑡𝑖𝑙𝑒 𝐿𝑒𝑣𝑒𝑙 𝐿𝑜𝑐𝑎𝑡𝑖  𝑆𝑐𝑎𝑙𝑒 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.7 0.75 

𝐹𝐷 
−0.09
4*** 

−0.05
5*** 

−0.02
6 

−0.04
6*** 

−0.06
2*** 

−0.07
8*** 

−0.08
8*** 

−0.08
2*** 

−0.20
8*** 

−0.23
8*** 

−0.27
2*** 

−0.29
0*** 𝑀𝑜𝑑𝑒𝑙2.4: 𝐼𝑁𝐷= 𝑓(𝑀𝐹,𝑃𝐺𝐷𝑃,             

𝑀𝐹 
0.006
* 

−0.00
6*** 

0.024
*** 

0.020
*** 

0.008
*** 

0.008
** 

0.006
* 

0.005 0.003 
−0.00
0 

−0.00
5 

−0.00
7 

𝑃𝐺𝐷𝑃 
0.204
*** 

0.074
*** 

0.008 
0.047
** 

0.067
*** 

0.088
*** 

0.089
*** 

0.225
*** 

0.252
*** 

0.280
*** 

0.326
*** 

0.352
*** 

𝑈𝑅𝐵 
0.257
*** 

−0.07
5*** 

0.353
*** 

0.325
*** 

0.284
*** 

0.280
*** 

0.262
*** 

0.245
*** 

0.209
*** 

0.088
* 

0.044 0.008 

𝐹𝐷 
−0.08
6*** 

−0.04
7*** 

−0.05
2** 

−0.06
8*** 

−0.07
8*** 

−0.09
3*** 

−0.08
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𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑄𝑢𝑎𝑛𝑡𝑖𝑙𝑒 𝐿𝑒𝑣𝑒𝑙 𝐿𝑜𝑐𝑎𝑡𝑖  𝑆𝑐𝑎𝑙𝑒 
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In 2021, the European Renewable Energy Association projects that the cost of solar electricity 
generation will be $0.048 per kilowatt-hour (KWH), offshore wind will be $0.075 per KWH, and 
domestic wind will be 00$0.033 per KWH. Since last year, there have been decreases of 15%, 10%, and 
14% in price. In contrast, GTI is consistently striving to enhance the efficiency of traditional power 
use (Z. Wang et al., 2025). The objective of this work is to enhance the efficiency of fossil fuel 
combustion and improve materials circulation (Zheng et al., 2025). According to calculations by Li et 
al. (2024a), a 1% rise in environmental development activity correlates with a 0.03% decrease in power 
usage intensity. (Ngoc et al., 2024a)assert that sustainable technologies are widely recognized as an 
effective means to reduce dependence on natural resources and their consumption. 

4.4. Nonlinear Estimation Results 

To verify the validity of our prior results, I further employ (i) nonlinear regression techniques 
and the flexible panel cutoff conduct our study excluding GDP per capita from the equations. This 
supplementary phase enables us to assess the sensitivities of our findings in scenarios where this 
factor is excluded, thereby ensuring the robustness of our findings across various model parameters. 
Table 8 illustrates the nonlinear impacts of business funding, farming funding, and production 
funding, as well as the percentage of business funding, farming funding, and production funding to 
gross local items on industrial efficiency using a flexible panel threshold system. The similar 
threshold principles for these factors are 10.39619 for business funding, 10.15903 for farming funding, 
9.766823 for production funding, 1.3069 for both business and farming funding regarding gross local 
items, and 1.0585 for production funding regarding gross local goods. These criteria are economically 
relevant at standard relevance levels.  
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Table 8. Estimates of dynamic panels thresholds. 
 𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝐶𝐹 

10.48728 

𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝐴𝐹 
10.26804 

𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑀𝐹 
7.877934 

𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝐶𝐹𝑔𝑑𝑝  
1.407836 

𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝐴𝐹𝑔𝑑𝑝  1.407836 

𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑀𝐹 𝑔𝑑𝑝  1.06968 

 

75 % CI 
[7.200767 
24.54853] 

75 % CI 
[8.027883 
20.42358] 

75 % CI 
[7.098587 
24.30285] 

75 % CI 
[2.303369 
2.453644] 

75 % CI 
[2.303369 
2.453644] 

75 % CI 
[0.9425886 
2.337788] 

 Model2.2 Model2.3 Model2.4 Model3.2 Model3.3 Model3.4 𝐿𝑎𝑔 𝑜𝑓  𝐼𝑁𝐷 0.808∗∗∗ 0.808∗∗∗ 0.792∗∗∗ 0.855∗∗∗ 0.782∗∗∗ 0.839∗∗∗ 

 0.0243 0.00829 0.0254 0.0250 0.00689 0.0207 𝐶𝐹  𝑏𝑒𝑙𝑜𝑤  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 0.00459∗∗∗ … … … … … 

 0.00220 … … … … … 𝐶𝐹 𝑎𝑏𝑜𝑣𝑒  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 0.00528∗∗∗ … … … … … 

 0.000878 … … … … … 𝐴𝐹 𝑏𝑒𝑙𝑜𝑤  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 … 0.00299∗∗∗ … … … … 

 … 0.000358 … … … … 𝐴𝐹 𝑎𝑏𝑜𝑣𝑒  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 … 0.00255∗∗∗ … … … … 

 … 0.000330 … … … … 𝑀𝐹 𝑏𝑒𝑙𝑜𝑤  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 … … 0.00364∗∗∗ … … … 

 … … 0.000992 … … … 𝑀𝐹 𝑎𝑏𝑜𝑣𝑒  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 … … 0.00440∗∗∗ … … … 

 … … 0.000646 … … … 𝐶𝐹 𝑜𝑓 𝐺𝐷𝑃  𝑏𝑒𝑙𝑜𝑤 𝑡ℎ𝑒  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 … … … −0.00809 … … 

 … … … 0.00568 … … 
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 𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝐶𝐹 
10.48728 

𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝐴𝐹 
10.26804 

𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑀𝐹 
7.877934 

𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝐶𝐹𝑔𝑑𝑝  
1.407836 

𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝐴𝐹𝑔𝑑𝑝  1.407836 

𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑀𝐹 𝑔𝑑𝑝  1.06968 𝐶𝐹 𝑜𝑓 𝐺𝐷𝑃  𝑎𝑏𝑜𝑣𝑒 𝑡ℎ𝑒  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 … … … −0.00304 … … 

 … … … 0.00537 … … 𝐴𝐹 𝑜𝑓 𝐺𝐷𝑃  𝑏𝑒𝑙𝑜𝑤  𝑡ℎ𝑒 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 … … … … 0.00368 … 

 … … … … 0.00298 … 𝐴𝐹 𝑜𝑓 𝐺𝐷𝑃  𝑎𝑏𝑜𝑣𝑒 𝑡ℎ𝑒  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 … … … … 0.0387∗∗∗ … 

 … … … … 0.00277 … 𝑀𝐹 𝑜𝑓 𝐺𝐷𝑃  𝑏𝑒𝑙𝑜𝑤 𝑡ℎ𝑒  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 … … … … … −0.0509∗∗∗ 

 … … … … … 0.00997 𝑀𝐹 𝑜𝑓 𝐺𝐷𝑃  𝑎𝑏𝑜𝑣𝑒 𝑡ℎ𝑒  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 … … … … … −0.0258∗∗∗ 

 … … … … … 0.00487 𝑈𝑅𝐵 −0.0848 −0.0495 −0.0385 0.273∗∗∗ −0.368∗∗∗ 0.347∗∗∗ 

 0.0622 0.0536 0.0534 0.0698 0.0390 0.0698 𝐹𝐷 −0.0689∗∗∗ −0.0686∗∗∗ −0.0620∗∗∗ −0.0654∗∗∗ −0.0434∗∗∗ −0.0708∗∗∗ 

 0.00877 0.00847 0.00885 0.00983 0.00566 0.0202 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 2.525∗∗∗ 2.385∗∗∗ 2.407∗∗∗ 0.502∗ 3.294∗∗∗ 0.305 

 0.286 0.258 0.276 0.325 0.202 0.285 
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Figure 1. Likelihood ratio (LR) for thresholds. 

Moreover, mitigating financing offers an optimistic financial perspective for forthcoming green 
development initiatives (M. Wang et al., 2025). This enhances entrepreneurs' trust in establishing new 
manufacturing facilities and increasing the output of current ones. This, in turn, enhances the total 
economic value contributed. Likewise, augmented mitigation funding signifies a pursuit of healthy 
socio-economic growth (Afshan & Yaqoob, 2022). Companies identify opportunities for output 
expansion within an environmentally responsible growth framework, resulting in an aggregate rise 
in economic value. The beneficial effect of mitigating funding on industry value addition is linked to 
the criteria established for obtaining such financing from advanced nations, as noted (Rehman et al., 
2023). The analysis indicates that poor nations, characterized by environmentally damaging 
manufacturing methods, smaller overall national income, and ineffective systems of government, are 
less likely to receive abatement funds from wealthy nations. The report advocates for the balanced 
allocation of remediation financing among emerging nations to achieve advantages in both economic 
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and natural domains. In South Asian nations, equitable mitigation money has substantially aided 
climate change mitigation (Rao et al., 2022). 

4.5. Robustness Analysis  

To verify the accuracy and trustworthiness of our experimental results, I performed many 
robustness tests. Initially, I evaluated alternate modeling parameters employing the Completely 
Modified Ordinary Least Squares (FMOLS) and Dynamic Ordinary Least Squares (DOLS) 
methodologies. The findings were generally aligned with our basic CS-ARDL, Panel GMM, and MM-
QREG designs, verifying the substantial beneficial impact of green financing on economic value-
added. Secondly, I examined structure breaks and longitudinal dependency to confirm that the 
estimates are not skewed by unobserved variability across nations. The use of second-generation unit 
roots and integration testing corroborates the durability of long-term partnerships. Third, to assess 
the robustness of our designs, I sequentially eliminated control factors, including urbanization and 
per capita GDP.  

Table 9. Robustness Results using GMM Estimation. 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒(𝑠) 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐸𝑟𝑟𝑜𝑟 

   𝐺𝐹𝐼 0.268*** [0.034] 𝑅𝐸𝐼 2.854*** (0.585) 𝑅𝐸𝑃 0.258*** (0.325) 𝑃𝑆𝑃 2.584*** (0.218) 𝐹𝐷𝐼 3.658*** (0.326) 

_cons −0.365*** (−3.847) 𝑆𝑎𝑟𝑔𝑎𝑛 𝑇𝑒𝑠𝑡 (𝑝 − 𝑣𝑎𝑙𝑢𝑒) 0.854 - 𝐴𝑅(1) (𝑝 − 𝑣𝑎𝑙𝑢𝑒) 0.001 - 𝐴𝑅(2) (𝑝 − 𝑣𝑎𝑙𝑢𝑒) 0.215 - 

   

To guarantee the dependability of our results, I conducted multiple resilience checks. Other 
methodologies, such as FMOLS and DOLS, corroborated our primary models, affirming the 
beneficial impact of sustainable finance on enhancing economic value. I also examined structural 
fractures and cross-national variations using sophisticated unit root testing, which corroborated the 
over-time associations. Despite the exclusion of control factors such as urbanization and GDP per 
capita, the results remained consistent. A lag study further validated the reliability of our results. 
These assessments bolster confidence in the affirmative correlation between green financing and 
economic growth in emerging countries. 

The results of green financing were strong, indicating little impact of omitted factor bias. Finally, 
I conducted a lag impact study to evaluate the algorithm's dynamical characteristics, and the 
fundamental results remained unchanged. These resilience assessments collectively bolster trust in 
the accuracy of the original results, confirming that green financing has a favorable impact on 
economic performance in diverse developing nations. 

5. Conclusions and Policy Implication  

This research examined the influence of sustainable financing on the addition of manufacturing 
volume in 73 emerging nations from 2012 to 2021 . The model's dependent variable is industry 
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efficiency, estimated by adding industry revenue. Economic value addition is determined by the total 
production of an industry, measured by summing all products and deducting intermediary supplies. 
The principal dependent factors are worldwide environmental financing (CF), adaptation financing 
resources, and mitigation financing resources, which denote the financial value of greener financing. 
Additionally, the analysis includes several control variables, such as metropolitan population, 
domestic credit to the private sector, and per capita GDP, among others. 

This research replicates six long-term systems employing a mix of dependent factors through 
quantile estimating techniques. Various estimating approaches are used to ensure durability in 
testing. This research evaluates the models using ten measurement datasets, employing quantile 
regression to examine the dynamic influence across various quantile levels.  Our analysis suggests 
that sustainable financing has a substantial and beneficial impact on industry efficiency in emerging 
nations. The majority of models assessed across the three estimating approaches exhibit consistent 
outcomes. Moreover, our measure analysis reveals that the beneficial effect of greener financing on 
corporate output is observed in the center up to the 0.70 quantiles.  Conversely, the magnitude 
declines in the higher percentiles exceeding 0.70. 

This study has broadened the existing research; however, certain limitations persist that may 
suggest opportunities for further investigation. The study focuses exclusively on a select group of 73 
emerging countries rather than encompassing all emerging countries globally. The precise 
measurement of sustainable financing is a prospective study area, with further analyses possible at 
the organizational level. This article primarily examines the fundamental principles of sustainable 
financing development. Future studies should examine the long-term effects and frameworks of 
environmental finance on corporate environmental productivity in various emerging countries 
worldwide. Future research may investigate the endeavors and obstacles faced by emerging 
countries in achieving improved access to greener financing, developing techniques to promote 
responsible savings, and advancing climate-related initiatives. Future studies may also identify and 
eliminate barriers to green money accessibility, develop strategies for overcoming obstacles, and 
encourage the use of sustainable financing. 

This study has broadened the existing research; however, certain limitations persist that may 
suggest opportunities for further investigation. The study focuses exclusively on a select group of 73 
emerging countries rather than encompassing all emerging countries globally. The precise 
measurement of sustainable financing is a prospective study area, with further analyses possible at 
the organizational level. This article primarily examines the fundamental principles of sustainable 
financing development. Future studies should examine the long-term effects and frameworks of 
environmental finance on corporate environmental productivity in various emerging countries 
worldwide. Future research may investigate the endeavors and obstacles faced by emerging 
countries in achieving improved access to greener financing, developing techniques to promote 
responsible savings, and advancing climate-related initiatives. Future studies may also identify and 
eliminate barriers to green money accessibility, develop strategies for overcoming obstacles, and 
encourage the use of sustainable financing. 

Policy Implication  

Our research indicates that greener finance has a beneficial effect on industry efficiency, 
regardless of the estimating technique employed or the surrogate used to represent green funding. 
This means that the beneficial effect is substantial. This beneficial effect also carries inevitable political 
consequences. Given the significance of environmental finance in enhancing industrial efficiency in 
emerging economies, it is recommended that authorities in these nations prioritize the allocation of 
green funds to promote domestic ecological initiatives. Governments and commercial regulators in 
emerging countries must revise commercial regulations to encourage the expansion of green finance 
within the loan portfolios of both banks and non-bank financial institutions.  The government can 
also compel institutions to prioritize sustainable finance by integrating it into quality assessment 
metrics or including it in the inspection schedule. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 July 2025 doi:10.20944/preprints202507.2218.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.2218.v1
http://creativecommons.org/licenses/by/4.0/


 21 of 25 

 

Secondly, considering the beneficial effects of green funding on industry efficiency, China ought 
to prioritize friendly initiatives over non-green ones to guarantee sustained growth in the present. 
This initiative extends beyond banks and should also be applied to the capital markets. The state 
should incentivize companies to issue additional sustainable stocks to stimulate growth in the 
sustainable sector. Third, regarding the impact of controlling factors on industry efficiency, the state 
should promote urbanization by creating additional employment opportunities for laborers 
migrating from rural areas to city centers. Given the detrimental effect of personal home lending on 
industry efficiency over time, authorities in emerging countries must implement decisive measures 
to reduce home finances and ensure long-term financial stability. Ultimately, the results of the decline 
in measures indicate that in the emerging economy, the beneficial effect of environmental finance on 
industry production is observed exclusively within the medium to 0.70 quantile range. Conversely, 
the amplitude becomes positive in the top percentiles exceeding 0.70. Consequently, this finding 
indicates that government interventions for nations in higher percentiles must vary from those in 
lesser quantiles as well Secondly, considering the beneficial effects of green funding on industry 
efficiency, China ought to prioritize friendly initiatives over non-green ones to guarantee sustained 
growth in the present. This initiative extends beyond banks and should also be applied to the capital 
markets. The state should incentivize companies to issue additional sustainable stocks to stimulate 
growth in the sustainable sector. Third, regarding the impact of controlling factors on industry 
efficiency, the state should promote urbanization by creating additional employment opportunities 
for laborers migrating from rural areas to city centers. Given the detrimental effect of personal home 
lending on industry efficiency over time, authorities in emerging countries must implement decisive 
measures to reduce home finances and ensure long-term financial stability. Ultimately, the results of 
the decline in measures indicate that in the emerging economy, the beneficial effect of environmental 
finance on industry production is observed exclusively within the medium to 0.70 quantile range. 
Conversely, the amplitude becomes positive in the top percentiles exceeding 0.70. Consequently, this 
finding indicates that government interventions for nations in higher percentiles must vary from 
those in lesser quantiles as well 

The findings indicate that the authorities of emerging nations should prioritize environmental 
efforts measures over non-green initiatives to foster sustained growth in the present. Emerging 
countries should amend financial regulations to promote the expansion of greener finance within the 
loan portfolios of both banking and non-banking financial organizations.  The findings of this 
research facilitate the formulation of a strategy for emerging countries to leverage environmental 
funding, technological innovation, and financial advancement in economic areas, thereby achieving 
sustainable growth objectives. The document emphasizes the necessity for comprehensive regulatory 
frameworks that enhance the accessibility of green funding and the incorporation of environmentally 
friendly strategies, as green financing has become an essential tool for achieving carbon impartiality, 
augmenting industrial output, and fostering sustainable financial growth. Countries require reforms 
within international development organizations, developmental financial structures, and municipal 
authorities regarding carbon finance. A global strategy is essential for realizing the full potential of 
sustainable technology and creativity in the development of emerging nations. Utilizing greener 
money for industrial advancement is crucial, necessitating a robust legislative foundation and 
committed management frameworks. Adept labor is essential, necessitating investments in practical 
training and advanced educational courses focused on green technology. Moreover, ecological taxes 
can serve as a potent mechanism to stimulate sustainable funding for global prevention while 
simultaneously bolstering local production of renewable fuel technology, reducing prices and 
generating new employment possibilities . (Hasan et al., 2022) . 

Moreover, enhanced local collaboration can facilitate the exchange of best practices, asset 
collection, and synchronized initiatives to achieve sustainable manufacturing practices. This may 
entail the establishment of regional centres of competence for greener power study and production 
or local coalitions to secure more favorable conditions for greener finance. If utilized effectively, these 
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tactical initiatives could significantly aid emerging countries in achieving sustainable 
industrialization. 

Nonetheless, government market initiatives simply are inadequate; thus, green finance methods 
are crucial for drawing sector investment. Mixed banking, which combines government and 
commercial assets, offers a means to mitigate risks associated with green funding, facilitating wider 
involvement. Emerging countries can enhance the greener transformation by establishing specialist 
finance institutions such as greener banking. To attain green manufacturing, emphasizing sustainable 
financing, poor countries must mitigate ecological harm while progressing forward a less equitable 
and sustainable tomorrow. The authors emphasize the significant beneficial influence of greener 
financing on healthy economic growth, necessitating the formulation of clear definitions, pertinent 
assessments, and taxation regulations to enhance access to green finance and advance climate change 
mitigation. 
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