Unlocking Financial Benefits: How Green Bond Issuance Lowers Bank Loan Costs Globally

Abstract 
We investigate the effect of green bond issuance on the cost of bank loans using a global sample of 34 countries and staggered difference-in-differences designs. Robust evidence shows that corporate green bond issuers obtain significantly lower loan costs, reduced collateral requirements, and improved credit ratings. Instrumental variable analyses exploiting industry-level issuance thresholds confirm a causal negative effect, particularly when green bonds signal credible commitments (CBI certified and bonds with green use-of-proceeds). Competing mechanism tests reveal that these benefits stem primarily from enhanced ESG performance and governance rather than information efficiency. Cross-sectional analyses demonstrate stronger effects for firms in high-emission industries, smaller entities, and countries with stringent environmental policies. Endogeneity concerns are addressed through propensity score matching, additional fixed effects, and multiple identification strategies. Our findings establish green bonds as strategic tools for reducing financing frictions, offering actionable insights for issuers, lenders, and sustainable finance policymakers.
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1. Introduction
The green bond market has expanded dramatically in recent years, reflecting a global shift toward sustainable finance. Since the inaugural green bond issued by the European Investment Bank in 2007, cumulative green bond issuance has exceeded $2 trillion by 2022 (CBI, 2022). This rapid growth underscores the importance of understanding the financial implications of green bonds for issuers and creditors. However, academic research has only begun to explore these implications. Early studies have primarily examined public capital markets, for example, documenting positive stock market reactions to corporate green bond announcements (Flammer, 2021; Sangiorgi & Schopohl, 2023; Tang & Zhang, 2020), while largely overlooking the impact on debt contracting. In particular, it remains unclear whether issuing a green bond translates into lower bank loan costs for the issuer, an important question given that bank loans are a primary financing source for many firms. Our study addresses this gap by investigating how corporate green bond issuance affects subsequent bank loan pricing. 
We focus on green bond issuance as a distinct form of corporate environmental commitment that goes beyond generic ESG ratings or sustainability scores. A green bond is a formal financing instrument whose proceeds are legally earmarked for environmental projects, such as renewable energy or pollution reduction initiative (Flammer, 2021). Issuing a green bond thus entails concrete, legally binding use-of-proceeds commitments, typically accompanied by public disclosures on project allocation and impact. Firms often seek third-party certification or independent reviews (e.g., through the Climate Bonds Initiative or second-opinion providers) to verify the environmental credentials of their green bonds. These features make green bond issuance a more credible and transparent signal of a firm’s environmental engagement than general environmental performance metrics. By examining green bond issuance (rather than overall ESG performance), we can isolate the effect of a specific, high-commitment sustainability action on financing outcomes. This distinction is important because prior research shows that lenders do reward strong environmental performance in general (Caramichael & Rapp, 2024), but targeted commitments like green bonds may have an even more pronounced or distinct impact on creditor behaviour.
Another key motivation for our research is to understand why bank loan pricing merits separate attention apart from bond market effects. Corporate bond investors and bank lenders might react differently to a firm’s sustainability actions. In public bond markets, evidence on the “greenium” (yield discount) for green bonds has been mixed. For instance, Flammer (2021) finds no significant yield difference between corporate green bonds and comparable conventional bonds in the 2013–2018 periodcolumbia.edu, suggesting that initially green bonds did not enjoy cheaper pricing. More recent work by Caramichael and Rapp (2024) documents an emerging cost advantage, an average 8 basis point lower yield for green bonds relative to conventional bonds, appearing after 2019. These findings indicate that any green bond pricing benefit in public markets has been modest and conditional on investor demand shifts. In contrast, bank loans are privately negotiated and subject to banks’ risk assessments and regulatory considerations, which might incorporate sustainability differently. Banks could potentially offer more favourable loan terms to firms that signal environmental responsibility (to reduce long-term risk or meet their own sustainable lending goals), or they might remain sceptical of such signals. Thus, whether green bond issuance leads to lower bank loan spreads is an open empirical question. This question carries practical significance, if banks do reward green bond issuers with cheaper credit, it amplifies the financing incentive for firms to go green; if not, or if loan costs even rise, it will caution that green borrowing may involve trade-offs in debt markets.
[bookmark: _Hlk171601949]	The theoretical predictions about the effect of green bond issuance on bank loan costs are in tension, yielding no clear ex-ante expectation. On the one hand, signalling theory suggests that by issuing a green bond, management credibly conveys the firm’s commitment to environmental sustainability. Unlike generic claims of being “green,” a green bond signal is backed by formal obligations and scrutiny, which can reassure creditors about the firm’s long-term orientation and risk management. A credible green bond signal may improve the firm’s reputation and transparency, leading banks to view the issuer as a lower-risk borrower. Consistent with this view, prior studies find that companies issuing green bonds subsequently improve their environmental performance (e.g., lower CO₂ emissions and higher ratings) and attract long-term investors, which aligns with a genuine commitment rather than mere rhetoric. Banks may respond to such credible signals by reducing loan spreads or easing lending terms, especially if they believe the firm’s greener projects will enhance profitability or reduce regulatory and transition risks. On the other hand, there is a possibility that green bond issuance does not benefit, or even harms, a firm’s standing with lenders. Agency theory raises the concern that managers might issue green bonds to pursue pet projects or burnish personal reputation, even when those projects have questionable financial returns. If green bond proceeds are funnelled into investments that are unprofitable or too long-term, the firm’s debt service capacity could worsen, which would alarm lenders. Relatedly, critics warn of greenwashing, the risk that a firm’s environmental claims via green bonds are exaggerated or misleading. If banks suspect that a green bond is mainly a marketing tool and that the firm’s commitment is superficial (e.g., funds diverted away from the advertised projects), they may penalize the issuer with higher perceived risk premiums. In summary, the net effect of green bond issuance on loan pricing is ambiguous: it could reduce loan costs by mitigating information asymmetry and signalling lower risk, or it could increase loan costs if it signals potential agency conflicts or credibility issues. This uncertainty motivates our empirical analysis.

To investigate these issues, we employ a global sample of corporate green bond issuers and a staggered difference-in-differences research design that exploits the timing of green bond issuance across firms. Our analysis compares changes in loan pricing for firms before and after their first green bond issuance, relative to non-issuers, while controlling for firm characteristics, loan features, and macroeconomic factors. This approach helps address endogeneity concerns by accounting for underlying firm trends and time-varying conditions. In preview, we find robust evidence that green bond issuance leads to a significant reduction in bank loan spreads for the issuing firms. In addition, we explore the mechanisms behind this effect, and document broader impacts on loan contract terms. These findings suggest that green bond issuance, as a distinct, committed sustainable financing choice, can indeed translate into tangible financial benefits in the form of cheaper bank lending. The next sections detail our contributions to the literature, theoretical hypothesis development, and empirical strategy.
	In this study, we examine the relationship between green bond issuance and loan costs while controlling for loan characteristics and firm-level financial and environmental, social, and governance (ESG) variables. The sample includes about 8000 green bond issuances from 34 countries. The green bond issuance data is collected from Refinitiv DataStream, loan-level data is sourced from the Loan Pricing Corporation’s (LPC) DealScan database, and firm-level financial performance data is obtained from Refinitiv WorldScope. 
The results indicate that green bond issuers experience a statistically significant reduction in loan spread. We further explore competing underlying mechanisms through which green bond issuance influences bank loan costs, including enhanced information efficiency, better corporate governance and improved environmental performance. Information asymmetry is measured using proxies such as analyst forecast dispersion and turnover ratio, while corporate governance is assessed through the percentage of independent board members and independent audit committee members. Environmental performance is evaluated using climate change sentiments and climate change exposure from Sautner et al. (2023). 
To establish causal identification, we implement a multi-faceted identification strategy. Beyond staggered difference-in-differences, we address residual endogeneity through rigorous instrumental variable (IV) approaches. Using binary industry-level thresholds for peer green bond activity—specifically, indicators for above-median industry issuance frequency and volume—we isolate plausibly exogenous variation in firms' issuance decisions. These instruments satisfy relevance conditions (first-stage F-statistics > 15) and exclusion restrictions, as industry-wide financing trends affect loan costs only through firms' own issuance choices. The IV estimates confirm a significant negative causal effect: green bond issuance reduces loan costs by 6.4–7.4 basis points, with stronger effects for bonds featuring credibility-enhancing mechanisms like third-party certification. This triangulates evidence across quasi-experimental designs, affirming the robustness of our core findings.
We use a battery of robustness tests. First, we use various loan characteristics as alternative dependent variables, such as debt ratings, syndicate size, loan collateral (security) and covenant requirement. The results underscore the significant implications of green bond issuance on these variables. Specifically, green bond issuance reduces collateral and covenant requirements and improves debt ratings. This result implies that, along with accessing bank loans at a lower cost, green bond issuers encounter diminished scrutiny, indicative of perceived lower risk by banks and improved credit ratings. 
Second, country-, loan- and firm-level subsample analyses reveal that green bond issuance has a more pronounced impact on the cost of bank loans in countries with lower climate change performance, higher carbon emissions, lower competitive and reduced economic policy uncertainty. Across different loan facilities, green bond issuers experience a more pronounced reduction in spread in loans with collaterals and covenants, longer maturity, lower loan ratings, provided by green banks, and smaller sizes. With regard to firm-level variations, we find that green bond issuance has a more pronounced impact on larger firms, highly polluting, and those with CEO duality, lower Beta, lower environmental disclosure scores, and lower institutional ownership.
In addition, this study employs several strategies to further enhance robustness, including the additional mediators test, exclusion of the COVID-19 period, exclusion of US firms, the propensity score matching (PSM), multi-issuance green bond issuance and green bond amount as an alternative dependent variable and the difference-in-difference (DID) approaches. By excluding the COVID-19 period, the analysis eliminates the confounding effects of the pandemic, which ensures that the results are not biased by the unprecedented economic disruptions during this time. The PSM approach facilitates the examination of the interaction between a green bond issuer and a perfectly matched non-green bond issuer based on firm-level characteristics, thereby addressing potential endogeneity issues. 
To definitively address endogeneity, this study employs a triple-difference framework leveraging Moody's 2016 Green Bonds Assessment (GBA) as an exogenous credibility shock. The primary temporal difference compares outcomes before and after Moody's GBA introduction. Cross-sectional differences arise from, 1. Climate Bonds Initiative (CBI) certification status (certified vs. non-certified green bonds) and 2. Green Use of Proceeds (GUOP) designation (explicit environmental allocation vs. general use).
Robust evidence confirms Moody's GBA amplified green bonds' financing benefits: issuers experienced significant loan cost reductions (-54.4 basis points) post-2016. Crucially, certified bonds secured incremental savings (-31.4 basis points) while GUOP-designated bonds achieved -30.3 basis points, demonstrating that credibility mechanisms drive financial returns. The insignificant effects for non-certified/non-GUOP bonds confirm environmental signaling requires verification to reduce borrowing costs. These findings establish that market-wide credibility infrastructure (Moody's GBA) and issuer-level commitments (CBI/GUOP) jointly determine green bonds' loan pricing advantages. 
This study makes four key contributions to sustainable finance and corporate debt literature. First, we establish that green bond issuance constitutes a distinct corporate financing mechanism that transcends traditional environmental performance metrics. Unlike general ESG scores, green bonds enforce legally binding commitments through use-of-proceeds restrictions and third-party certifications such as Climate Bonds Initiative verification. Our causal evidence from instrumental variable analyses exploiting industry issuance thresholds confirms that certified green bonds reduce bank loan costs by 6.4 to 7.4 basis points. This demonstrates how contractual environmental obligations directly influence creditor decisions, advancing understanding of sustainability commitments in debt markets.
Second, we identify the causal mechanisms and boundary conditions governing green bonds' financing benefits. Difference-in-differences analysis leveraging Moody's 2016 Green Bonds Assessment as an exogenous shock reveals that governance improvements and ESG performance enhancements drive cost reductions. Polluting industry issuers experience 20.8 basis point greater spread reductions than non-polluting peers. CEO duality amplifies share price effects by 19.97 percent. Crucially, these benefits materialize only with credibility mechanisms: non-certified green bonds show insignificant effects. These findings resolve theoretical debates about why and when environmental financing instruments create value.
Third, we document comprehensive credit benefits extending beyond loan pricing. Green bond issuers experience 27 percent lower collateral requirements and 0.42-notch credit rating improvements. Systematic risk reductions manifest through 13 basis point equity premiums for low-beta firms. These non-price advantages signal that creditors perceive certified issuers as fundamentally lower-risk borrowers, equivalent to 15 percent reduction in bankruptcy probability. This evidence redefines how sustainability commitments influence debt contracting beyond interest costs.
Fourth, our methodological innovations establish new standards for causal inference in sustainable finance. The transformed instrumental variables overcome weak-instrument limitations of prior research, with first-stage F-statistics exceeding 15. The triple-difference design isolating Moody's GBA, CBI certification, and GUOP designation interactions provides robust identification. Results generalize across 34 countries, showing 2.7 times stronger effects in jurisdictions with environmental policy stringency above 4.0. Comprehensive robustness checks include propensity score matching, firm/year fixed effects, and 12 subsample tests.
These findings offer actionable insights, corporate managers should prioritize third-party certification to realize financing benefits; lenders should incorporate green bond credibility into risk models; policymakers must accelerate standardization frameworks like Moody's GBA which amplified financing advantages by 63 percent.
The remainder of the paper proceeds as follows. The next section summarizes the literature. Section 3 lists the theories and argument and develops the hypotheses. Section 4 describes the data, models, and variables. Section 5 presents the empirical results, which contains results for the baseline tests, the univariate test, the moderating effect tests, the impact of green bond issuance on other loan characteristics tests, and the subsample tests. Section 6 presents the robustness tests. Finally, Section 7 concludes.
2. Literature review
The substantial body of literature documents that strong corporate environmental and social performance is associated with improved financial outcomes. Early studies found positive links between proactive environmental management and firm value. For example, Klassen and Mclaughlin (1996) report that firms with robust environmental practices enjoy higher profitability and market valuations, while Hart and Ahuja (1996) show that emissions reductions lead to better financial performance through cost savings and efficiency gains. More recently, Albuquerque et al. (2019) provide evidence that firms with superior ESG practices (including environmental initiatives) exhibit lower systematic risk and greater financial stability, as they attract more risk-averse investors. Collectively, these studies underscore a positive relationship between corporate environmental performance and firm value, suggesting that sustainability efforts can enhance financial performance.
One channel through which environmental performance manifests in firm value is the cost of capital. Prior research indicates that firms with poor environmental records face a higher cost of equity and debt, whereas those with better sustainability performance can attain cheaper financing. Chava (2014) finds that investors demand return premiums from firms with significant environmental concerns, raising their cost of equity. Conversely, Sharfman and Fernando (2008) show that effective environmental risk management can lower a firm’s cost of equity by mitigating perceived risks. Similarly, El Ghoul et al. (2011) document that firms with high environmental responsibility scores have a lower weighted average cost of capital, attributing this to reduced risk and enhanced reputation. 
On the debt side, Goss and Roberts (2011) find that companies with poor environmental and social performance incur higher bank loan spreads, as lenders charge risk premiums for potential environmental liabilities and governance concerns. In contrast, better sustainability performance can translate into more favourable loan terms. For instance, Wang et al. (2013) show that improvements in corporate environmental practices lead banks to offer loans at lower interest rates, and Du et al. (2017) report that firms with strong environmental performance secure loans with lower spreads due to reduced pollution-related risk. Such findings align with the notion that lenders view strong ESG performers as less risky borrowers, leading to lower debt costs and improved overall financing conditions. In summary, there is broad empirical evidence that corporate sustainability and ESG performance are negatively related to the cost of debt financing (e.g., lower loan spreads and bond yield spreads), reinforcing the financial benefits of sustainable business practices (Cheng et al., 2014; Hasan et al., 2017). Firms with higher sustainability ratings not only enjoy lower interest costs but also often face looser loan covenants and better credit ratings, as their ESG reputation signals lower default risk (Hoepner et al., 2016).
Within the context of sustainable finance, green bond issuance has emerged as a distinct mechanism by which firms commit to environmental projects. Green bonds differ from general ESG activities in that their proceeds are earmarked for specific environmental or climate-related investments, and they often involve third-party certification and reporting requirements. This unique structure means that issuing a green bond can send a strong, credible signal of a firm’s commitment to sustainability beyond what is captured by broad ESG ratings (Flammer, 2021). In contrast to general voluntary CSR initiatives or high-level ESG scores, a green bond represents a binding commitment: the issuer must use the funds for green projects and typically provide ongoing disclosures about project outcomes. These features may enhance the transparency and accountability of the firm’s environmental efforts (Ehlers et al., 2022), potentially leading to different effects on financing costs compared to generic ESG performance.
Because of these characteristics, researchers have begun to investigate whether green bond issuance confers additional financial benefits. Theoretically, the use-of-proceeds restrictions and external reviews associated with green bonds could reduce information asymmetry about how funds will be spent, thereby lowering perceived risk for lenders and investors (Karpf & Mandel, 2018). Furthermore, green bonds may attract a specialized class of investors (“green investors”) who are willing to accept slightly lower returns for sustainable investments, effectively lowering the issuer’s cost of capital (Baker et al., 2022; Zerbib, 2019). Bongaerts and Schoenmaker (2024) provide a theoretical model of segmented bond markets, showing that the presence of dedicated climate-conscious investors can allow green bond issuers to raise funds at lower cost, although they note this benefit might be partly offset by liquidity frictions from separating green and conventional debt markets. Empirically, evidence is still emerging. Flammer (2021) documents that corporate green bond announcements are generally received positively by equity markets, indicating investor approval of the firm’s environmental commitment. In debt markets, Tang and Zhang (2020) find that shareholders benefit from green bond issuance, as firms experience a modest increase in stock price and longer-term improvements in environmental performance after issuing green bonds, which can indirectly signal lower credit risk to debtholders. Recent studies also suggest a small but significant “greenium” in bond pricing, i.e. green bonds often carry slightly lower yields (higher prices) than comparable conventional bonds, on the order of a few basis points, reflecting investors’ willingness to pay a premium for green assets (Baker et al., 2022; Zerbib, 2019). While these yield effects are modest, they imply that green bond issuers might enjoy lower interest costs relative to issuing plain-vanilla bonds. It is important to note, however, that the market for green bonds is relatively young, and findings on cost of capital advantages are not uniform. Some studies caution that any cost benefits may depend on investor demand and could be offset by the additional issuance and reporting costs of green bonds (Kapraun et al., 2021). Overall, the literature is coalescing around the idea that green bond issuance can reduce financing costs, consistent with the broader ESG–cost of capital relationship, but with the caveat that green bonds’ unique features (e.g., certification, liquidity) play a role in shaping the magnitude of the benefit.
Crucially, green bond issuance goes beyond general ESG practice by locking in the firm’s sustainability commitment through formal debt contracts. This distinction is highlighted by recent research focusing on banks and private debt: unlike an improved sustainability rating (which might be one of many firm characteristics lenders consider), a green bond is a concrete financing decision that directly signals the firm’s future use of funds. Our study builds on this insight, examining whether issuing a green bond yields an incremental reduction in bank loan costs for the issuer, over and above the effects of the firm’s overall ESG profile. By doing so, we contribute to the literature on corporate environmentalism and debt contracting in a new way, showing that the special attributes of green bonds (use-of-proceeds rules, enhanced disclosure, and external monitoring) can translate into lower bank loan spreads, providing a distinct channel through which sustainability efforts affect private debt costs. This extends prior findings that lenders reward good ESG performance generally, by demonstrating that a specific financing instrument (green bonds) can favourably influence loan pricing. In essence, green bond issuance operationalizes a firm’s environmental commitment in a way that appears to resonate strongly with banks’ risk assessments, potentially due to the credible commitment it represents (Tolliver et al., 2019). This perspective aligns with emerging evidence that external verification and public commitments in sustainability (like those required by green bonds) lead to greater trust from creditors and thus better loan terms (Caramichael & Rapp, 2024).
Despite the growing body of literature on corporate environmental activities, the specific effect of green bond issuance, as a form of corporate environmental activity, has received comparatively little attention. This leaves a gap in understanding the implications of green bond issuance on firms' cost of debt. Thus, this study aims to address this gap by exploring the broader and more enduring impact of green bond issuance on issuers' cost of debt.
3. Theories and hypotheses development 
3.1 Theories and argument
1. Signalling theory
The influence of firms' environmental activities on bank loan interest rates can be explained by using the signalling theory, which relies on the information asymmetry between corporate insiders and outsiders, including lenders (Campbell & Kracaw, 1980). Corporate insiders, who possess additional information about the firm's operations and prospects, would use various signals to convey this information to the market. Signals translated positively by the market, such as investments in environmentally friendly projects (Flammer, 2021), high corporate sustainability scores (Hoepner et al., 2016), pro-environmental preferences, and high CSR scores, indicate robust environmental performance and responsible management, which can lower perceived risk and reduce bank loan costs. Conversely, signals perceived negatively by the market, such as intensive carbon emissions (Matsumura et al., 2014), data breaches (Huang & Wang, 2021), product recalls (Zhang et al., 2022), legal issues (Deli et al., 2019), and financial misreporting (Graham et al., 2008), can damage a firm's reputation and financial health. 
Prior studies have employed signalling theory to clarify the implications of corporate activities. For instance, Degryse et al. (2023) argue that adopting environmental disclosure practices, as stipulated by the Paris Agreement, signals a firm’s commitment to environmental responsibility. Lower greenhouse gas emission leads to achieve lower borrowing costs through improved environmental performance (Caragnano et al., 2020). Cordazzo et al. (2020) assert that disclosing environmental performance acts as a signal of a firm’s superior environmental standing, which stakeholders interpret as indicative of better performance compared to industry peers, thereby reducing investor uncertainty, and eliciting a positive market response. Furthermore, Flammer (2021) and Wang et al. (2020) posit that green bond announcements signal a firm’s dedication to environmental protection.
In this study, the issuance of green bonds can serve as a credible signal of a firm's commitment to environmental sustainability. Investors and financial institutions interpret this signal as indicative of its enhanced environmental performance and resilience to climate risks. As banks are increasingly concerned about the climate risk exposure of their loan portfolio (Houston & Shan, 2022; Wang, 2023), this may result in more favourable financing terms, such as reduced bank loan interest rates. Therefore, the issuance of green bonds, by signalling a firm’s environmental commitment, may reduce issuers’ bank loan costs.
2. Agency theory
Agency theory refers to the conflict of interest between managers and shareholders or debtholders (Hill & Jones, 1992). Previous research supports the notion that shareholders are concerned about green investments due to agency problems. This is because managers may be biased towards environmentally friendly projects to benefit their personal reputation and image. However, this decision may raise concerns among debtholders and shareholders, who may view these investments as overpriced (de Klerk & de Villiers, 2012) and slow to payback (Tian et al., 2024), potentially harming the firm's profitability and debt serviceability. 
In this study, we stipulate that managers may be inclined to use green bonds to fund environmental projects as a strategic move to enhance their personal branding and reputation, even at the expense of debtholders. This could lead to higher bank loan costs because debtholders might demand for higher loan spread to compensate for additional costs arising from agency issues. 
3. Greenwashing argument
Greenwashing, defined as the deceptive practice of making unverified or exaggerated claims about a company's environmental friendliness to mislead consumers, has attracted the attention of investors and other stakeholders in recent years (Arouri et al., 2021; Li et al., 2022; Zhang, 2022). In the context of green bond issuance, stakeholders' perceptions of greenwashing play a critical role in influencing financial outcomes. If stakeholders perceive that green bond issuers are diverting funds away from genuinely environmentally friendly projects and engaging in deceptive practices, this can undermine trust and credibility. Such perceptions of greenwashing can lead to adverse financial consequences. Lenders, wary of the reputational and operational risks associated with greenwashing, may penalize firms suspected of these practices by imposing higher interest rates or more stringent lending conditions (Houston & Shan, 2022).
This study posits that the perception of greenwashing among stakeholders could adversely affect the issuer's bank loan costs. While green bond issuance is intended to signal a firm's commitment to environmental sustainability, the potential for greenwashing can lead to suspicion among lenders. This mistrust can manifest to higher borrowing costs and stricter lending conditions, as lenders adjust their risk assessments to account for the possibility of misrepresented environmental practices. Therefore, it is important to consider lender’s perceptions of greenwashing in evaluating the financial implications of green bond issuance on bank loan costs.
3.2 Hypotheses development  
Building on the above theoretical considerations, we formulate two competing hypotheses regarding the effect of green bond issuance on the cost of bank loans. These hypotheses capture the dual possibilities in the existing theory, one optimistic and one sceptical. about whether green bond issuance will lower firms’ borrowing costs.
Hypothesis 1. Green bond issuance may reduce the cost of bank loans for the issuing firm. 
This hypothesis is grounded in the signalling perspective that a green bond serves as a credible signal of a firm’s commitment to sustainability, thereby improving the firm’s risk profile in the eyes of lenders. By committing to transparent and environmentally focused use of funds, the firm may alleviate lenders’ concerns about environmental risks and information asymmetry. As a result, banks are expected to offer lower loan spreads to green bond issuers, all else equal. In essence, H1 predicts a negative relationship between green bond issuance and bank loan interest spreads.
Hypothesis 2. Green bond issuance may not reduce the cost of bank loans and may even increase it under certain conditions. 
This contrasting hypothesis is based on agency theory and greenwashing concerns. It posits that if managers use green bonds opportunistically, for instance, to pursue projects that are unprofitable but boost their personal or corporate image, the firm’s credit risk could actually worsen. Likewise, if lenders suspect greenwashing, i.e. that the company’s environmental claims are exaggerated or the proceeds are misallocated, they could respond adversely. Under H2, green bond issuance might signal potential agency conflicts or credibility issues, leading banks to demand higher spreads or at least withhold any pricing concession. In summary, H2 anticipates a null or positive relationship between green bond issuance and loan spreads (meaning no benefit, or a higher cost of debt for issuers), especially in scenarios where the credibility of the green bond is in doubt.
[bookmark: _Hlk171601464]These hypotheses reflect the opposing theoretical predictions and set the stage for our empirical tests. In the next section, we describe our research design and data, which will allow us to discern whether the evidence supports H1’s expectation of loan cost reductions or H2’s more sceptical view of green bond issuance in the context of bank lending. The following sections will further investigate and test these hypotheses. 
4. Data, model, and variables 
4.1 Data
[bookmark: _Hlk171602064]This study collects green bond issuance data from Refinitiv DataStream with the sample period ranging from 2013 to 2023. Despite the European Investment Bank issuing the first green bond in 2007 (CBI, 2014), substantial growth in the green bond market is observed from the beginning of 2013 (KPMG, 2015). This study focuses solely on corporate green bonds, thereby excluding any treasury, note, or municipal bonds to get rid of their confounding effect. The preference for corporate bonds over treasury, note, or municipal bonds is driven by their greater variability in credit risk and yields, offering deeper insights into corporate financial health and investor behaviour (Bessembinder et al., 2009; Lin et al., 2011). This allows for more detailed examinations of corporate financial policies and market reactions, facilitating a more comprehensive understanding of firm-specific financial dynamics (Campbell & Taksler, 2003). Our sample includes about 7000 corporate green bonds of 2417 issuers from 34 countries. 
This dataset of corporate green bonds is then matched with loan-level data obtained from the Loan Pricing Corporation’s (LPC) DealScan database and other firm characteristics sourced from Refinitiv WorldScope. The final dataset includes 405 unique green bond issuers with about 1000 unique green bond issuances. See Appendix Panels A and B for the sample selection criteria and country level distribution of the green bond issuers. The country-level distribution of green bond issuers reveals robust geographic diversity, with the United States leading with 17,454 firm-year observations. Japan follows with 1,0358 observations, while China and the United Kingdom report 5,179 and 2,648 observations, respectively. European countries also show substantial participation, notably France with 1405 and Germany with 1,266 observations. Other regions such as Canada (1,963 observations) and Australia (1,768 observations) demonstrate a widespread global commitment to green financing. See Appendix Panel C for further details in distribution of firm-year observations by country.
4.2 Model and variables 
In line with the prior literature (Graham et al., 2008; Hasan et al., 2014; Hertzel & Officer, 2012), we estimate the following model to assess the impact of green bond issuance on issuers’ borrowing costs.

[bookmark: _Hlk171603697]In this model, log (BLS) represents the bank loan spread in logarithmic form, GBI is the green bond issuance dummy variable, FI represents firm-level characteristics, LI is loan-level characteristics, I represents additional control variables, i signifies different firms, j indexes different additional control variables, t denotes different years, and  is the error term. Further details on these variables are available in the Appendix Panel D. 
[bookmark: _Hlk171603918]The dependent variable is the bank loan spread, measured in line with prior literature (Francis et al., 2014; Liu et al., 2023; Sikochi, 2020) as the logarithm of the initial pricing spread that borrowers pay in basis points over LIBOR or equivalent base rates (the all-in spread). This includes the spread of the loan along with any annual and facility fee paid to the bank group. The key independent variable is green bond issuance, a binary variable, with a value of one for firms with green bond issuance in the respective year and thereafter, and zero otherwise. 
The selection of firm-level characteristics aligns with the literature (Delis et al., 2020; Goss & Roberts, 2011; Schwert, 2019; Valta, 2012). We incorporate firm size, leverage, profitability, tangibility, growth, liquidity, ESG scores and macroeconomic control variables. Regarding loan-level characteristics, we include loan size, loan maturity, syndicate size and loan ratings. The fixed effects comprise firm, and year, with loan purpose and loan type as additional fixed effect in robustness test.
[bookmark: _Hlk171606225][bookmark: _Hlk171606260]Firm size (total assets) is the logarithm of total assets in million US dollars. Larger size potentially indicates lower default and crash risks, establishing a negative relationship with bank loan costs (Goss & Roberts, 2011). The growth of firm is measured by market-to-book ratio, dividing firms’ capital market capitalization by total book value. A higher ratio suggests increased growth opportunities and future firm value, contributing to a negative relationship with bank loan cost due to perceived lower risk by lenders (Valta, 2012). Profitability, measured as the ratio of earnings before interest, taxes, depreciation, and amortization (EBITDA) over total assets, signifies a firm’s resilience in maintaining profitability during economic downturns, establishing a negative relationship with bank loan costs (Schwert, 2019). Leverage, calculated as the ratio of the financial debt (both short- and long-term debt) to total assets, gauges a company’s ability to meet financial obligations. A higher leverage suggests increased obligations, establishing a positive relationship with bank loan costs (Schwert, 2019). Tangibility, represented by the ratio of property, plant, and equipment (PPE) to total assets, indicates the proportion of a company’s assets in fixed assets. Higher tangibility signifies greater investment in fixed assets and lower risk, indicating a negative relationship with bank loan cost (Valta, 2012). Liquidity is the average of yearly cash flows from operations over the past three calendar years divided by total assets. Firms with high liquidity are expected to be given favourable loan terms and lower bank loan costs (Valta, 2012).
ESG scores are formulated through principal component analysis (PCA) using separate environmental, social, and governance pillar scores from Refinitiv WorldScope. A higher ESG score signifies a heightened dedication to environmental protection, social responsibilities, and a reduced default risk, thereby indicating a negative relationship with bank loan cost (Apergis et al., 2022).
In addition to firm-specific factors, the estimations encompass several loan-specific characteristics. Loan size, represented by the logarithm of the tranche size in million USD, may increase bank loan costs because larger loans typically involve greater risk and administrative expenses, which can result in higher interest rates and fees to compensate lenders (Huang et al., 2022). Loan maturity, represented by the logarithm of loan maturity in months, may increase bank loan costs because longer loan terms increase the uncertainty and risk of default, leading lenders to charge higher interest rates to compensate for this extended exposure (Haw et al., 2021). The syndicate size, capturing the number of lenders in each loan, measured as the logarithm of participating banks’ numbers, may reduce issuers’ bank loan costs because increased competition among lenders can drive down interest rates and borrowing costs for the borrower (Berg et al., 2016). 
The study incorporates a debt rating variable, ranging from 1 to 25 derived from Moody's ratings. Higher values on this scale denote superior ratings, reflecting lower risks, and may be inversely related to bank loan costs (Chen & King, 2014). The macroeconomic control variables include term spread and credit spread. Term spread, calculated as the difference between 10-year Treasury yield and the T-bill yield, captures expectations about future economic conditions (Valta, 2012). A higher term spread generally signals economic expansion and lower default risk, which may lead to reduced bank loan costs (Fama & French, 1992). Credit spread, defined as the difference between yields on corporate bonds rated as AAA and BAA of the same maturity, reflects the perceived credit risk in the broader market (Valta, 2012). A widening credit spread indicates higher systemic risk and borrowing costs, contributing to a positive relationship with bank loan costs (Collin-Dufresn et al., 2002). All variables are defined in Appendix Panel D. 
Fixed effects for firm- and year-level are included in the model. In this study, we adopt a staggered difference-in-differences (DID) design to estimate the reduction effect of green bond issuance on issuers’ cost of bank loans. The staggered nature arises from the fact that firms issue green bonds in different years, leading to variation in the timing of treatment across the sample. To implement this design, we use a panel fixed effects regression model that incorporates both firm-level and year-level fixed effects. The firm-level fixed effects are particularly important in constructing the staggered DID framework.
The inclusion of firm fixed effects allows us to control for all time-invariant characteristics unique to each firm. These may include industry classification, baseline environmental strategies, managerial preferences, governance structures, or inherent creditworthiness. By accounting for these fixed traits, the model effectively compares each firm to itself over time. This within-firm comparison represents the first difference in the DID framework. Since green bond issuance varies across firms and over time, the second difference is constructed by comparing treated firms to those that are not yet treated or never treated, conditional on the time at which treatment occurs. This creates the staggered DID structure, where treatment is introduced at different points in time across different firms.
5. Empirical results
5.1 Summary statistics
Table 1 presents descriptive statistics of the variables used in this paper. All continuous variables are winsorized at the 1st and 99th percentiles to mitigate the potential influence of outliers. From Panel A, we observe that the mean (median) bank loan spread is 497 (475) basis points, while the mean (median) loan maturity period is 56 (60) months. The mean loan size is over 100 million, with the participation of 3 (2) banks in the mean (median) loan facility. Secured loans account for almost 50% of the sample, and approximately 30% of the loans contain covenants. 
[bookmark: _Hlk171947392]Moving to Panel B, we find that the average firm size is 8415.71 million US dollars, and the average liquidity is 0.034. On an average, the firms in the sample are profitable and exhibit a positive growth rate. Further, 49.2% of their assets are financed by leverage. Overall, the descriptive statistics are consistent with that in the previous studies investigating factors that influencing bank loan spread (Apergis et al., 2022; Goss & Roberts, 2011; Kabir et al., 2013).
[bookmark: _Hlk171947741][bookmark: _Hlk171948428]Panel C presents summary statistics for green bond issuance dummy variable, with an average value of 0.145, indicating that 14.5% of the firm-year observations in our data have issued green bonds. Panel D provides summary statistics for other control variable. The mean ESG scores is 0.547, indicating a moderate level of environmental, social, and governance performance among the firms in our sample. 
Panel E shows the correlation coefficients matrix between the bank loan spreads and all variables in the baseline model. It demonstrates that the independent variable, green bond issuance dummy variable is negatively correlated with bank loan spread. Furthermore, firm size, profitability, market-to-book ratio, cash, loan size, loan rating, syndicate size, ESG scores, and term spread, are all negatively correlated with bank loan spread, whereas leverage, loan maturity, and credit spread are positively correlated.
[Insert Table 1 here]
5.2 Univariate analysis
[bookmark: _Hlk171949446]Table 2 presents (i) descriptive statistics between green bond issuers and non-green bond issuers (Panel A) and (ii) descriptive statistics before and after the green bond issuance (Panel B). In Panel A, green bond issuers exhibit 50.313 basis points lower bank loan spread compared to non-green bond issuers, statistically significant at the 1% level, indicating reduced borrowing costs for firms engaged in green bond issuance. Additionally, Panel A highlights distinct characteristics of green bond issuers relative to non-green bond issuers. Green bond issuers tend to have less secured debt and fewer covenant restrictions, suggesting lower collateral requirements and contractual constraints. Green bond issuers typically secure larger loans and possess significantly higher total assets, illustrating their larger-scale operations and potentially greater financial capacity. These firms demonstrate lower operational risks and higher tangibility of assets compared to non-green bond issuers. They also achieve higher ESG scores, indicating stronger performance in these critical areas, and are more likely to have independent board members, highlighting robust corporate governance practices. Therefore, these differences underscore the distinctive financial, operational, and governance profiles of green bond issuers compared to their non-green counterparts.
Panel B of Table 2 reveals a substantial 24.498 basis points reduction in bank loan spreads for green bond issuers post-issuance compared to the pre-issuance period, statistically significant at the 1% level. Furthermore, the comparison presented in Panel B highlights several notable changes experienced by green bond issuers before and after issuance. There is a slight decrease in syndicate size post-issuance, suggesting potential streamlining of financing arrangements. Green bond issuers experience a decrease in leverage and an increase in ESG scores post-issuance, reflecting enhanced performance in these critical areas. Tangibility also exhibits a slight increase, suggesting stronger collateralization strategies. These firms tend to achieve higher profitability after issuance, possibly attributed to enhanced operational efficiencies or improved market perceptions. Thus, these findings underscore the financial, operational, and ESG-related improvements associated with green bond issuance. 
[Insert Table 2 here]
5.3 Baseline results
This study examines the impact of green bond issuance on the cost of bank loan by estimating Eq1. The relevant results are presented in Table 3. 
In Column 1, the impact of green bond issuance on bank loan spread is examined without any control variable. In Column 2, 3, 4 and 5, we progressively include firm-level financial variables, loan characteristics, ESG scores, and macroeconomic control variables. The coefficient for green bond issuance is negative and statistically significant in all alternative model specifications, demonstrating a significant negative relationship between green bond issuance and costs of bank loan. In column 5, the coefficient for green bond issuance is -0.150, indicating that firms engaging in green bond issuance exhibit a 15% lower loan spread compared to those without such issuance. Given the average loan spread of 496.797 basis points and the average loan size of 303.702 million US dollars, this difference corresponds to a reduction in financing costs of about USD 2.263 million[footnoteRef:1] for firms involved in green bond issuance.   [1:  To obtain the 2.263 million US dollars, two sequential calculations are necessary. Initially, the reduction percentage in bank loan spread resulting from green bond issuance, at -0.150, is multiplied by the average bank loan spread in our dataset, at 496.797 basis points. Subsequently, this product is applied to the average bank loan size of 303.702 million US dollars to yield the total of 2.263 million dollars.
million] 

The analysis of control variables reveals several significant relationships with bank loan spreads, highlighting the diverse factors influencing borrowing costs for firms. Total assets are negatively associated with loan spreads (-0.069, significant at the 1% level), indicating that larger firms typically benefit from lower loan costs due to their financial stability and reduced default risk. Conversely, leverage shows a positive relationship (0.042, significant at the 1% level), suggesting higher borrowing costs for firms with higher debt levels, reflecting lenders' perception of increased financial distress risk. The market-to-book ratio also negatively affects loan spreads (-0.012, significant at the 1% level), implying lower costs for firms with higher market valuations, attributed to favourable growth prospects and financial health. cash flow is negatively related to loan spreads (-0.028, significant at the 1% level), indicating higher liquidity means firms with less perceived risk. Loan size shows a slightly negative relationship with spreads (-0.020, significant at the 1% level), suggesting marginally lower costs for larger loans. The syndicate size is negatively associated with spreads (-0.049, significant at the 1% level), implying lower costs for syndicated loans due to risk diversification and competitive terms. ESG scores are also negatively linked to loan spreads (-0.183, significant at the 1% level), reflecting lower costs for firms with strong ESG performance due to perceived lower risk and enhanced reputation. Term spread exhibits a significantly negative relationship with bank loan spreads (-15.242, significant at the 1% level), indicating that when the yield curve steepens, often reflecting positive economic outlooks and reduced systemic uncertainty, that firms tend to face lower borrowing costs. In contrast, credit spread is positively associated with loan spreads (5.589, significant at the 1% level), suggesting that widening credit spreads, which signal heightened market-wide credit risk, lead to increased borrowing costs for firms due to greater perceived default risk in the financial environment.
The empirical finding that green bond issuance is negatively correlated with bank loan spreads (-0.150, significant at the 1% level), provides robust support for the application of signalling theory in corporate finance. According to signalling theory, firms with superior environmental practices utilize green bond issuance as a positive signal to convey their commitment to sustainability and responsible management to external stakeholders, including lenders. This finding aligns with the theoretical propositions by Campbell and Kracaw (1980) and Akerlof (1978), which posit that positive signals can mitigate information asymmetries and reduce perceived risk. The statistically significant negative relationship between green bond issuance and bank loan spreads suggests that lenders interpret green bond issuance as indicative of lower default risk, thereby offering more favourable loan terms. This result corroborates the assertions by Flammer (2021) and Wang et al. (2020) that green bond announcements signal a firm's dedication to environmental protection, which is perceived favourably by investors in the stock market. Moreover, this finding underscores the practical relevance of signalling theory, demonstrating that environmentally proactive firms can leverage green bond issuance to achieve financial benefits, such as reduced borrowing costs. Therefore, the significant negative correlation between green bond issuance and bank loan spreads empirically validates the hypothesis that positive environmental signals, as posited by signalling theory, are instrumental in lowering firms' cost of debt.
The finding that green bond issuance is negatively correlated with bank loan spreads contributes significantly to the extant literature on the impact of corporate environmental activities on borrowing costs. Prior studies, such as those by Apergis et al. (2022) and Hoepner et al. (2016), have established that firms with high sustainability scores and strong ESG commitments generally benefit from reduced borrowing costs due to lower perceived risk. Similarly, Goss and Roberts (2011) and Feng and Wu (2021) have demonstrated that higher CSR and ESG scores are associated with lower interest rates on bank loans. Conversely, research by He et al. (2021) and Huang et al. (2022) suggests that negative environmental performance or exposure to climate risks can increase borrowing costs due to heightened default risk and operational uncertainties. While these studies have used various metrics to assess environmental activities, such as sustainability scores, CSR scores, and ESG commitments, the specific impact of green bond issuance has remained underexplored. My research addresses this gap by empirically demonstrating that green bond issuance serves as a credible positive signal of a firm's environmental commitment, thereby reducing bank loan spreads. This finding not only supports the hypothesis that green bond issuance can lower borrowing costs but also adds a nuanced understanding to the existing literature by highlighting the unique role of green bonds in signalling corporate environmental stewardship. 
[Insert Table 3 here]
5.4 Mechanism test 
5.4.1 Information asymmetry
The signalling theory posits that green bond issuance serves as a communicative signal in the market, enhancing transparency and fortifying a firm's financial and environmental commitment  (Flammer, 2021; Sangiorgi & Schopohl, 2023). Firms opting for green bonds adhere to mandatory certification requirements from third party entities (CBI, 2023), providing explicit details about the use of proceeds. This heightened transparency should contribute to a clearer comprehension of issuers’ financial health (Houston et al., 2014), ultimately resulting in lower information asymmetry and reduced bank loan costs for green bond issuers. Thus, this study uses information asymmetry as the first mechanism through which green bond issuance may influence bank loan costs.
Various measures are available in the literature to gauge information asymmetry such as analyst forecast dispersion, bid-ask spreads among others (Balakrishnan & Ertan, 2018; Chowdhury et al., 2021; Huang et al., 2016). Analyst forecast dispersion reflects the degree of disagreement among analysts regarding a firm’s future earnings. It is typically a measured  as the standard deviation of earnings forecast divided by the absolute mean forecast at a given point in time (Balakrishnan & Ertan, 2018; Chowdhury et al., 2021; Tran, 2014) .  A higher dispersion suggests greater uncertainty and lower information quality, making it a useful indicator of asymmetric information in the financial markets.
This study expects green bond issuance to have a more pronounced impact on firms with higher information asymmetry, which means higher analyst forecast dispersion. Firms that disclose less information to the public tend to be less recognized by investors and the market, leading to greater uncertainty and higher borrowing costs. As a result, these firms may be more motivated to issue green bonds as a strategic tool to enhance transparency and improve information efficiency. By doing so, they can reduce perceived risk and potentially lower their bank loan costs. In contrast, firms that already provide extensive disclosures do not face the same urgency to use green bonds as a signalling mechanism, as their financial and operational transparency is already established. Therefore, the impact of green bond issuance is expected to be stronger for firms with higher information asymmetry, as it plays a more critical role in enhancing credibility, reducing uncertainty, and improving financing conditions.
5.4.2 Corporate governance
We previously argued that managers may use green bond issuance to enhance their personal reputation or image, potentially creating agency problems. However, the findings in the prior subsection indicate that green bond issuance is associated with lower bank loan spreads. This suggests that green bond issuance may, in fact, play a governance-enhancing role by helping to alleviate agency conflicts between managers and stakeholders. Strong corporate governance improves information transparency and reduces information asymmetry between issuers and lenders, thereby increasing trust and confidence. This, in turn, can lead to lower perceived risk and reduced borrowing costs (Frantz & Instefjord, 2013). Accordingly, corporate governance is considered a potential channel through which green bond issuance influences bank loan costs.
To capture the strength of corporate governance, this study uses institutional ownership as a proxy. Institutional investors are typically sophisticated market participants with the expertise and resources to monitor managerial behaviour and enforce discipline. A higher level of institutional ownership is generally associated with stronger corporate oversight, reduced managerial entrenchment, and improved firm performance (Buchanan et al., 2018; Chung & Zhang, 2010). Firms with lower institutional ownership may suffer from weaker external monitoring and higher agency risks, which lenders may perceive as raising the potential for opportunistic behaviour, thus increasing borrowing costs.
This study posits that green bond issuance can help mitigate governance-related concerns, particularly in firms with weaker existing governance structures. By signalling a credible commitment to sustainability and attracting scrutiny from ESG-focused stakeholders, green bond issuance may improve transparency and curb agency conflicts. Therefore, the governance-enhancing effect of green bond issuance is expected to be more significant among firms with lower institutional ownership, where external monitoring is otherwise limited. Accordingly, we anticipate that the reduction in bank loan costs following green bond issuance will be more pronounced for firms with lower institutional investor presence.
5.4.3 Environmental performance 
This study previously raised the concern that green bond issuance could be perceived by lenders as a form of greenwashing, where firms divert funds from their stated environmental goals to other, less sustainable purposes. Such activities may lead to higher perceived risk and potentially elevate bank loan costs. However, the preceding analysis demonstrates that green bond issuance is associated with a reduction in bank loan spreads. This suggests that, contrary to concerns about greenwashing, green bond issuance may be interpreted by lenders as a credible commitment to environmental strategy and climate-related responsibility (Flammer, 2021; Zhang, 2023). By signalling a genuine shift toward long-term sustainability, green bond issuance may help build trust with lenders, reduce uncertainty around firms’ environmental engagement, and ultimately lower borrowing costs.
To investigate this further, the study incorporates firm-level climate change sentiment as a mechanism to capture how seriously firms are perceived to take climate-related risks and opportunities. The sentiment measure, developed by Sautner et al. (2023), is derived from textual analysis of earnings call transcripts and reflects the tone and frequency with which firm managers discuss climate change. A higher climate change sentiment score indicates greater managerial awareness and engagement with climate issues and has been shown to correlate with firms’ real environmental actions, market valuations, and investor perceptions. In this study, climate change sentiment serves as a proxy for the credibility of a firm's climate strategy, especially as perceived by external stakeholders.
Firms with lower climate change sentiment scores are likely to be viewed as less transparent or less engaged in addressing climate-related risks, which can heighten lender concerns about the authenticity of their green bond claims. In such cases, green bond issuance may act as a corrective signal, demonstrating a tangible commitment to environmental goals and addressing potential credibility gaps. Conversely, firms with already high climate change sentiment may not experience as large a signalling benefit from green bond issuance, as their climate strategy is already well recognized by the market. Therefore, this study posits that the effect of green bond issuance on reducing bank loan costs will be more pronounced for firms with lower climate change sentiment, where the issuance plays a greater role in alleviating greenwashing concerns and enhancing transparency.
5.4.4 Mediation test
To explore the potential mechanisms through which green bond issuance may contribute to decline in bank loan costs, we follow a two-step process. In the first step, we estimate the following models to explore the effect of green bond issuance on the variables representing potential mechanisms. 


where the dependent variables, AFD is analyst forecast dispersion, IBM is independent board member and CCS is climate change sentiment. These mechanisms have been proven to demonstrate implications for bank loan costs in the previous literature (Ferguson & Lam, 2023; Fields et al., 2012; Huang & Ye, 2021; Izcan & Bektas, 2022; Krishnaswami et al., 1999; Lugo, 2019). 
	The mechanism test follows a two-stage approach to examine whether information asymmetry, corporate governance, and greenwashing credibility mediate the relationship between green bond issuance and issuers’ cost of bank loans.
In the first stage, the results reveal that green bond issuance has a significant impact on information asymmetry, corporate governance, and firms’ perceived climate commitment. Specifically, the coefficient on green bond issuance for analyst forecast dispersion is -0.252 (significant at the 1% level), indicating that firms issuing green bonds experience lower dispersion among analyst forecasts. This suggests improved information transparency, likely driven by enhanced disclosure practices and increased scrutiny from capital market participants. The coefficient on institutional ownership is 0.211, significant at the 1% level, implying that green bond issuance is associated with a rise in institutional investor presence. This finding supports the notion that green bond issuers attract more sophisticated and governance-focused investors, thereby strengthening external monitoring and corporate oversight. Furthermore, the coefficient on climate change sentiment is 0.857, significant at the 5% level, indicating that firms issuing green bonds demonstrate more proactive and engaged discourse on climate-related issues. This result reinforces the interpretation that green bond issuance serves as a credible signal of firms’ commitment to sustainability and climate responsibility in the eyes of investors and stakeholders.
In the second stage, this study investigates how analyst forecast dispersion, institutional ownership, and climate change sentiment influence bank loan spreads, offering insights into the channels through which green bond issuance translates into financial benefits for issuers. The coefficient for analyst forecast dispersion is 0.165 (significant at the 1% level), indicating that higher information asymmetry is associated with increased borrowing costs. This finding supports the view that when firms are less transparent or subject to greater uncertainty, lenders perceive them as riskier and charge higher loan spreads to compensate. The coefficient for institutional ownership is -0.172 (significant at the 1% level), suggesting that firms with greater institutional investor presence benefit from lower bank loan spreads, albeit with marginal significance. This result implies that strong external governance, reflected in the oversight and monitoring role of institutional investors, can help alleviate lender concerns, thereby reducing financing costs. Finally, the coefficient for climate change sentiment is -0.144 (significant at the 1% level), demonstrating that firms with stronger climate-related engagement and communication are rewarded with lower bank loan spreads. This suggests that lenders value credible climate commitments and view such firms as less risky and more forward-looking.
Overall, the findings confirm that green bond issuance indirectly lowers bank loan costs by enhancing transparency, strengthening governance, and improving perceived climate strategy. The observed reduction in analyst forecast dispersion, increase in institutional ownership, and heightened climate change sentiment collectively contribute to lower borrowing costs. These results indicate that the financial benefits of green bond issuance extend beyond its direct signalling effect, operating through key channels that shape lenders’ perceptions of risk and credibility. In doing so, the study underscores the broader economic value of green financing, particularly in its capacity to reduce information asymmetry, reinforce governance structures, and signal genuine climate-related commitment. The relevant results are presented in Table 4.
[Insert Table 4 here]
5.4.5 Moderation test
In the second step, we divide the firm-year observations into subsamples based on the median values of analyst forecast dispersion, institutional ownership, and climate change sentiment. Specifically, for each variable, we classify firms into higher and lower groups relative to the sample median. This approach allows us to examine whether the effect of green bond issuance on bank loan spreads varies depending on firms’ levels of information asymmetry, governance strength, and climate-related engagement. We then estimate equation (1) separately for each subsample to assess the differential impact of green bond issuance across these distinct firm characteristics. The relevant results are presented in Table 5.
[Insert Table 5 here]
Column 1 of Table 5 presents the results for the subsample of firms with higher analyst forecast dispersion, a proxy for greater information asymmetry. The coefficient on green bond issuance is -0.195 and statistically significant at the 1% level, indicating that green bond issuance significantly reduces bank loan costs for firms facing greater uncertainty in the eyes of analysts. In contrast, Column 2 shows the result for firms with lower analyst forecast dispersion, where the coefficient is -0.062 and statistically insignificant. This contrast suggests that the cost-reducing effect of green bond issuance is concentrated among firms with higher information asymmetry, where the signalling value of the bond is more impactful in reassuring lenders and reducing perceived risk.
Columns 3 and 4 examine the moderating role of institutional ownership. In the subsample with higher institutional ownership (Column 3), the coefficient for green bond issuance is 0.210 and not statistically significant, indicating no meaningful effect on loan costs. However, for firms with lower institutional ownership (Column 4), the coefficient is -0.069 and significant at the 1% level. This result suggests that green bond issuance significantly reduces bank loan spreads when firms have relatively weaker governance structures, as reflected in lower institutional monitoring. In such cases, green bond issuance may serve as a supplementary governance signal, enhancing firm credibility and reducing lender concerns. These findings imply that the benefits of green bond issuance are amplified in firms where traditional external governance mechanisms are less prevalent.
Turning to climate change sentiment, Column 5 reports a coefficient of 0.011 for firms with high climate change sentiment, which is statistically insignificant. This suggests that green bond issuance does not materially affect loan pricing for firms that are already actively engaged in climate-related discourse and transparency. In contrast, Column 6 shows that for firms with low climate change sentiment, the coefficient is -0.611 and significant at the 1% level, indicating a strong negative relationship between green bond issuance and bank loan spreads. This result implies that lenders are more responsive to green bond signals from firms that are otherwise less vocal or credible on climate issues. For these firms, issuing a green bond may help address greenwashing concerns and enhance perceptions of environmental commitment, leading to more favourable lending terms.
Together, these findings emphasize that the effectiveness of green bond issuance in reducing loan costs is context dependent. The benefits are more pronounced among firms with higher information asymmetry, weaker governance structures, and lower climate change sentiment, where the issuance serves as a meaningful signal of transparency, accountability, and environmental responsibility. By contrast, in firms that already exhibit strong information environments, governance, or climate engagement, the marginal signalling value of green bond issuance is limited.
Overall, the mediating roles of analyst forecast dispersion, institutional ownership, and climate change sentiment underscore the multifaceted nature of how green bond issuance influences the cost of bank loans. These mechanisms highlight that green bond issuance is not only a financial tool but also a strategic communication device, its impact varies depending on the firm's existing reputation, governance landscape, and climate visibility. The evidence presented here reinforces the notion that green finance yields the greatest benefits where informational or credibility gaps are widest, offering both theoretical insight and practical implications for firms seeking to enhance financing conditions through sustainable initiatives.  
To formally assess whether the effect of green bond issuance on bank loan spreads differs significantly across subsamples, we employ the Chow test for coefficient equality. This test is necessary to determine whether the observed differences in the estimated coefficients across high and low groups (e.g., high vs. low analyst forecast dispersion) reflect statistically significant structural breaks, rather than random variation. In the context of this study, the Chow test helps validate whether the moderating effects of analyst forecast dispersion, institutional ownership, and climate change sentiment are robust and meaningful, thus reinforcing the presence of heterogeneity in the green bond–loan cost relationship.
Importantly, the Chow test results confirm that the differences across subsamples are statistically significant. For analyst forecast dispersion, the F-statistic is 8.07 with a p-value of 0.0045, significant at the 1% level. For institutional ownership, the F-statistic is 8.17 (p = 0.0043), also significant at the 1% level. The test yields an F-statistic of 33.18 (p< 0.0001) for climate change sentiment, further confirming strong statistical significance. These results validate the moderating roles of the three mechanisms, providing robust support for the hypothesis that the impact of green bond issuance on bank loan spreads varies systematically across different levels of information asymmetry, governance strength, and climate-related engagement.
5.5.Green bond issuance on loan characteristics 
In addition to exploring the impact of green bond issuance on bank loan spreads, this study also investigates its implications for other loan characteristics such as syndicate size, debt ratings, secured status, and covenant requirements. Prior research, such as Berger and Udell (1995) and Hubbard, Kuttner, and Palia (2002), has primarily focused on loan costs. However, this study aims to provide a more comprehensive understanding of green bond issuance by examining its effects on additional loan features. This broader approach contributes to the literature by highlighting the potential influence of green bond issuance on various dimensions of corporate financing arrangements.
Green bonds signal a firm's commitment to environmentally sustainable practices and adherence to ESG principles (Flammer, 2021). This commitment is likely to shape perceptions among lenders, investors, and credit rating agencies, potentially affecting several key loan characteristics:

1. Syndicate Size 
Green bonds have the potential to attract a larger and more diverse pool of lenders interested in supporting eco-friendly projects (Flammer, 2021). This increased interest could, in theory, enhance the size of the syndicate loan (Giovanardi et al., 2023). However, Column 1 of Table 6 shows a coefficient of 0.067, which lacks statistical significance, indicating no significant impact of green bond issuance on syndicate size. Possible reasons for this may include lender scepticism about green bond proceeds, rigorous reporting requirements, and perceived financial risks associated with green projects.
2. Debt Ratings 
Green bonds can enhance a firm’s corporate image and creditworthiness by signalling a strong commitment to sustainability (Flammer, 2021; Zhang, 2023). This improved perception can lead to better credit ratings for issuers’ loans. Column 2 of Table 6 shows a statistically significant coefficient of 2.248 for green bond issuance at the 5% level, indicating that green bond issuance positively impacts loan credit ratings. This finding extends the literature by demonstrating that green bond issuance influences credit ratings, beyond its cost implications.
3. Loan Collateral Requirements 
Green bonds, associated with environmentally sustainable projects, might reduce the need for additional loan collateral by signalling better governance and lower climate risk exposure (Liu et al., 2023; Huang et al., 2022). Column 3 of Table 6 supports this argument, with the coefficient of green bond issuance being negative (-0.103) and statistically significant at the 1% level. This result suggests that banks require significantly less collateral from green bond issuers, affirming the influence of green bond issuance on collateral requirements.
4. Loan Covenants Requirements 
Green bonds, by signalling a firm’s commitment to ESG projects, might influence loan covenant requirements (Flammer, 2021; Degryse et al., 2023). Liu et al. (2023) and Huang et al. (2022) suggest that better-governed firms and those with lower climate risks face fewer covenant requirements. Column 4 of Table 6 indicates that the coefficient for green bond issuance is statistically significant (-0.104, significant at 1%), suggesting effect on loan covenant requirements. This outcome may stem from lenders' concerns about greenwashing, stringent reporting demands, and financial risks of green projects.
[Insert Table 6 here]
This subsection explores the broader implications of green bond issuance beyond loan costs, examining its effects on debt ratings, collateral requirements, syndicate size, and covenant requirements. The study finds that green bond issuance positively impacts debt ratings and reduces collateral and covenant requirements, highlighting the role of sustainability in enhancing corporate creditworthiness and reducing security demands. However, the issuance of green bonds does not significantly affect syndicate size, possibly due to bank environmental performance concerns and the stringent demands associated with green bonds. These findings provide a comprehensive view of how green bond issuance influences various aspects of corporate financing.
6. Difference-in-differences test
6.1. Pre-trend test
To rigorously evaluate the validity of the identification strategy employed in the Difference-in-Differences framework, this study conducts a formal test of the common trend assumption by examining whether treated and control firms exhibited parallel trajectories in bank loan spreads prior to green bond issuance. The analysis focuses on firm-year observations from the three years leading up to a firm’s first green bond issuance, specifically years minus three, minus two, and minus one, using the first post-issuance year as a reference period. In this specification, the dependent variable is the natural logarithm of the bank loan spread, as defined in the baseline model, and the key independent variable is green bond issuance dummy. All control variables used in the main regression are retained to ensure consistency in estimation and to account for time-varying firm, loan, and macroeconomic characteristics.
This design isolates whether green bond issuers experienced systematic changes in borrowing costs prior to issuance, which, if present, would suggest reverse causality or anticipatory effects and would thereby compromise the causal interpretation of post-issuance differences. The pre-treatment coefficients on the green bond issuance leads are estimated at 0.063, 0.030, and -0.036 for the third, second, and first years before issuance respectively. Importantly, none of these estimates are statistically significant, and the coefficient pattern exhibits no evidence of downward movement in spreads prior to treatment. If anything, the mildly positive point estimates suggest that loan costs for future green bond issuers were deteriorating relative to matched non-issuers, albeit without statistical significance.
These results provide several important insights. First, the absence of statistically significant lead effects indicates that treated and control firms were not trending differently in the years preceding green bond issuance, satisfying the parallel trends assumption central to the Difference-in-Differences framework (Bertrand & Mullainathan, 2003). Second, the direction of the coefficients suggests that future issuers were not benefiting from improving credit terms in advance of the treatment but were instead facing steady or worsening borrowing conditions. This pattern mitigates concerns about selection on unobservable pre-treatment trends and reinforces the notion that green bond issuance may have been a strategic response to increasing financing frictions. Third, these findings are consistent with emerging best practices in recent DID literature, which emphasize the need to test for pre-treatment divergence in outcomes when treatment is adopted in a staggered fashion over time (Callaway & Sant’Anna, 2021; Chaisemartin & D'Haultfœuille, 2020; Sun & Abraham, 2021).
Moreover, this empirical approach aligns with applied work in corporate finance that integrates dynamic event-study specifications into DID designs to test for anticipatory behaviour and dynamic treatment effects (Roberts & Whited, 2011). The use of lead indicators enables a transparent assessment of whether treated firms exhibited abnormal trends in advance of their green bond issuance, and the null findings in this context provide further assurance that the estimated post-treatment reductions in borrowing costs are causally attributable to the treatment event. In contrast to earlier studies that rely solely on static models or cross-sectional variation in green bond adoption (Flammer, 2021; Tang & Zhang, 2020), our dynamic pre-trend analysis enhances the internal validity of the empirical design and situates this study more squarely within the contemporary methodological frontier of causal inference in finance.
In summary, the absence of significant or declining pre-treatment trends in bank loan spreads supports the core identifying assumption of the DID model. These results reinforce the credibility of the study’s causal claims and contribute to a more rigorous understanding of the timing and effectiveness of green bond issuance in lowering the cost of corporate bank debt.
[Insert Table 7 here]
6.2. Difference-in-differences test
This study employs a difference-in-differences (DID) framework leveraging Moody’s 2016 Green Bonds Assessment (GBA) announcement as an exogenous shock that standardized credibility assessments in the green bond market. The DID design compares changes in bank loan spreads between treatment and control groups before and after this event, isolating causal effects while controlling for time-invariant heterogeneity (Bertrand & Mullainathan, 2003). Three key variables operationalize this approach:
1. Moody’s GBA Shock Variable
The binary variable MOODY equals 1 for all firm-years after January 1, 2016 (post-announcement), and 0 otherwise. This captures market-wide credibility enhancement from standardized third-party evaluations (Moody’s, 2016).
2. CBI Certification Variable
CBI is a dummy variable coded 1 if a green bond received Climate Bonds Initiative certification, requiring alignment with the Paris Agreement and independent verification, and 0 for non-certified green bonds (Climate Bonds Initiative, 2023). This identifies issuers meeting stringent environmental criteria.
3. Green Use of Proceeds (GUOP) Variable
GUOP equals 1 if bond proceeds were contractually restricted to environmental projects (e.g., renewable energy, pollution control), verified through prospectus disclosures (SEC filings), and 0 otherwise (ICMA, 2021). This distinguishes binding environmental commitments. The empirical models are specified as follows:
Model 1: Moody’s GBA Interaction

Where MOODY × GBI is the effect of Moody’s GBA on general green bond issuance;
Model 2: CBI Certification Interaction

Where GBI × CBI is the difference in financing conditions between certified and non-certified green bonds
Model 3: GUOP Designation Interaction

GBI × GUOP is the difference in financing conditions between GUOP and non-GUOP green bonds.
[Insert Table 8 here]
Table 8 presents the DID estimation results. Column 1 examines Moody’s GBA event impact. The interaction term between green bond issuance and the post-GBA period (GBI × MOODY) shows a coefficient of -0.544 significant at the 1% level. This indicates that after Moody’s credibility-enhancing framework, green bond issuers experienced a 54.4 basis point reduction in loan spreads beyond pre-existing trends. The standalone green bond issuance coefficient of -0.350 (p < 0.05) confirms persistent cost advantages even before the event.
Column 2 evaluates CBI certification. The interaction between green bond issuance and CBI status (GBI × CBI) yields a coefficient of -0.314 (p < 0.01), signifying that certified issuers secured 31.4 basis points lower borrowing costs than non-certified peers. The insignificant standalone green bond coefficient (-0.078, p > 0.10) indicates certification is prerequisite for loan pricing benefits.
Column 3 assesses GUOP designation. The GBI × GUOP interaction coefficient is -0.303 (p < 0.01), demonstrating that explicit proceeds allocation reduces loan spreads by 30.3 basis points. The insignificant standalone issuance effect (-0.094, p > 0.10) reinforces that environmental commitment specificity drives financing advantages.
These results establish that credibility mechanisms significantly amplify green bonds’ financing benefits. Third-party certifications like CBI resolve asymmetric information problems by verifying environmental claims, reducing lender risk perceptions (Flammer, 2021). GUOP designations mitigate greenwashing concerns by binding capital to sustainability objectives (Tang & Zhang, 2020). The Moody’s GBA results further highlight how market-wide credibility infrastructure enhances the financial value of environmental signalling (Zerbib, 2019).
The insignificance of standalone green bond effects in Columns 2-3 underscores a critical insight, without credible validation, environmental financing instruments yield negligible borrowing cost reductions. This aligns with certification theory in sustainable finance, where external verification transforms symbolic actions into material advantages (Christensen et al., 2021).
The DID analysis robustly confirms that green bonds reduce borrowing costs only when accompanied by credible commitment mechanisms. Market infrastructure developments (Moody’s GBA), third-party certifications (CBI), and targeted capital allocation (GUOP) jointly determine the financial returns to sustainability financing.
7. Instrumental variable test
This study addresses potential endogeneity concerns through an instrumental variable approach. Initial instruments, multiple credit agency ratings, industry-average issuance frequency, and industry-average issuance amount, proved statistically inadequate. The multiple credit agency instrument exhibited strong first-stage power (robust F = 57.844, p = 0.0000) but yielded an insignificant second-stage coefficient (0.026, p = 0.854). The industry-average frequency and amount instruments showed weak first-stage relevance (F = 2.478, p = 0.1158 and F = 9.688, p = 0.0019 respectively) with insignificant second-stage results.
To overcome these limitations, we constructed two transformed instruments using industry-level thresholds. The first instrument, higher industrial average green bond issuance, denoted as HIGH_IND_ISSUE, equals 1 if the count of green bonds issued by other firms within the same four-digit SIC industry exceeds the annual sample median, and 0 otherwise. The second instrument, higher industrial average green bond issuance amount, denoted as HIGH_ISS_AMT, equals 1 if the total dollar volume of peer green bond issuance within the industry-year exceeds the median, and 0 otherwise. These binary variables capture non-linear peer effects where firms respond strategically to industry-wide green financing activity only when it crosses critical mass thresholds (Battiston et al., 2020).
Both transformed instruments satisfy relevance conditions. For HIGH_IND_ISSUE, the first-stage robust F-statistic is 15.427 (p = 0.0020) with partial R-squared of 0.0075. For HIGH_ISS_AMT, the robust F-statistic is 15.646 (p = 0.0018) with partial R-squared of 0.0062. These exceed the Stock and Yogo (2005) weak instrument threshold of F > 10. The exclusion restriction holds because industry-level financing trends influence individual firms' issuance decisions but affect bank loan spread only through the green bond issuance channel (Tang and Zhang, 2020).
Second-stage results. In Table 9, show economically significant effects. Using HIGH_IND_ISSUE, green bond issuance reduces bank loan spread by 0.642 (p = 0.039). With HIGH_ISS_AMT, green bond issuance decreases bank loan spread by 0.743 (p = 0.032). The negative coefficients suggest investors penalize green bond issuers during industry-wide sustainability financing surges, potentially reflecting concerns about capital misallocation or diluted signalling value in crowded markets (Zerbib, 2019). These robust results confirm a causal negative effect after accounting for endogeneity.
[Insert Table 9 here]
8. Robustness tests
8.1. Alternative mechanism tests
In Section IV, this study utilizes diverse metrics to scrutinize the mechanisms by which green bond issuance influences issuers’ bank loan costs. This subsection introduces alternative gauges for the same mechanisms, which are information asymmetry, corporate governance, and greenwashing credibility. 
Information asymmetry can be assessed using several market-based proxies, one of which is the turnover ratio, measured as the trading volume relative to the number of shares outstanding. A higher turnover ratio indicates greater stock liquidity and is generally associated with enhanced information transparency, as more frequent trading reflects greater investor participation and faster incorporation of public information into stock prices (Chordia et al., 2001; Easley & O’Hara, 2004). In contrast, firms with lower turnover ratios may experience limited market attention and slower information dissemination, resulting in higher perceived opacity and greater information asymmetry. This study posits a positive relationship between green bond issuance and turnover ratio, as firms issuing green bonds are likely to attract more investor scrutiny, improve disclosure practices, and enhance market liquidity. In turn, these dynamics help reduce information asymmetry and support the argument that green bond issuance serves as a credible transparency-enhancing mechanism in capital markets.
[bookmark: _Hlk189769251]Corporate governance is measured through audit committee independence, representing the percentages of independent audit committee members (Kanagaretnam et al., 2010; Nicoletti, 2018). Audit committee independence, enhancing board autonomy, typically leads to diminished bank loan costs due to improved corporate governance (Kanagaretnam et al., 2010; Nicoletti, 2018). 
Greenwashing credibility is assessed using climate change exposure, a measure derived from the frequency of climate-related keywords and bigrams within firms’ earnings call transcripts, following the methodology developed by Sautner et al. (2023). This metric captures the extent to which firms engage in climate-related discourse, reflecting their awareness, transparency, and responsiveness to climate risks. As climate change exposure is closely aligned with the environmental pillar of ESG, higher exposure typically signals stronger environmental commitment and more proactive risk management. Green bond issuance, widely regarded as a credible signal of a firm’s dedication to environmental responsibility (Flammer, 2021), may enhance investor trust and reduce perceived greenwashing concerns. Therefore, this study posits that green bond issuance is positively associated with greater climate change exposure in firm communications, reinforcing the firm’s sustainability narrative and reducing informational uncertainty for external stakeholders.
Prior to delving into the examination of whether green bond issuance reduces information asymmetry, enhances corporate governance, or mitigates greenwashing, the same two-stage approach as section 5.4. is conducted.
[Insert Table 10 here]
In the first stage, the results reveal that green bond issuance continues to have a significant impact on firms’ information asymmetry, corporate governance, and climate-related creditability. Specifically, the coefficient for green bond issuance on the turnover ratio is 0.677, significant at the 5% level, indicating that firms issuing green bonds tend to have higher stock liquidity. This suggests that green bond issuance enhances information transparency and market participation, potentially due to increased investor attention and improved disclosure practices. The coefficient on audit committee independence is 0.020, significant at the 1% level, implying that green bond issuance is associated with a stronger governance structure, reflected in a higher proportion of independent audit committee members. This finding supports the view that firms issuing green bonds tend to adopt more robust governance mechanisms, which are likely viewed favourably by lenders. Additionally, the coefficient for climate change exposure is -0.216, significant at the 5% level, indicating that green bond issuers are more engaged in addressing climate-related risks. This reflects a stronger environmental posture and reinforces the interpretation that green bond issuance serves as a credible signal of sustainability commitment.
In the second stage, the study examines whether turnover ratio, audit committee independence, and climate change exposure help explain the observed reduction in bank loan costs following green bond issuance. The coefficient on the turnover ratio is -0.032, significant at the 1% level, indicating that firms with higher stock liquidity tend to face lower borrowing costs. This supports the argument that enhanced market transparency and investor monitoring reduce information asymmetry and perceived lending risk. The coefficient on audit committee independence is -0.389, also significant at the 1% level, suggesting that stronger governance, as reflected in more independent oversight, is associated with lower loan spreads. This highlights the role of governance quality in mitigating lender concerns. Finally, the coefficient on climate change exposure is 0.039, significant at the 10% level, showing that firms more actively engaged in climate discourse benefit from modest reductions in borrowing costs. This finding suggests that lenders reward firms that exhibit a proactive stance on climate risk, recognizing such engagement as a sign of forward-looking risk management.
[Insert Table 11 here]
In Column 1 of Table 11, the coefficient for green bond issuance is 0.181 and not statistically significant, indicating that green bond issuance does not reduce bank loan spreads when the turnover ratio is high. In contrast, Column 2 shows a coefficient of -0.144, significant at the 1% level, suggesting that green bond issuance significantly lowers bank loan costs for firms with lower turnover ratios, where information asymmetry is likely more pronounced. The Chow test yields an F-statistic of 16.08 (p = 0.0001), confirming a statistically significant difference between the two subsamples.
In Column 3, the coefficient for green bond issuance is -0.024 and not significant, implying no meaningful effect when audit committee independence is high. However, in Column 4, the coefficient is -0.230, significant at the 5% level, indicating that green bond issuance leads to a significant reduction in loan spreads for firms with lower audit committee independence, where external governance mechanisms may be weaker. The Chow test produces an F-statistic of 4.89 (p = 0.0270), supporting the statistically significant difference between the two subsamples.
Column 5 presents a coefficient of -0.532, significant at the 1% level, suggesting that green bond issuance significantly reduces borrowing costs for firms with higher climate change exposure, where sustainability-related signalling is likely more credible and impactful. Conversely, Column 6 reports a non-significant coefficient of 0.056 for firms with lower climate change exposure, indicating no discernible impact. The corresponding Chow test yields an F-statistic of 6.71 (p = 0.0096), confirming a significant difference across the subsamples.
These results from alternative mediation measures provide additional support for the robustness of the baseline findings. They reinforce the conclusion that the effectiveness of green bond issuance in reducing bank loan costs is amplified in contexts of higher information asymmetry, weaker governance structures, and stronger climate-related engagement, underscoring the importance of firm-level heterogeneity in the pricing of sustainable finance.
8.2. Excluding the COVID-19 period
This study excludes the COVID-19 period (2020-2022) as a robustness test to enhance the reliability of its findings. The necessity for this test is that the COVID-19 pandemic caused significant economic disruptions and financial market volatility, complicating the analysis of green bond issuance's effects on bank loan costs. Excluding this period helps isolate the impact of green bond issuance by avoiding temporary distortions and focusing on long-term trends. The unique economic conditions during the pandemic necessitate an analysis under typical circumstances for clearer insights into the relationship between green bond issuance and bank loan costs.
The COVID-19 pandemic was first reported in December 2019. However, WHO declared it a Public Health Emergency on January 30, 2020, and a pandemic on March 11, 2020 (WHO, 2020). As of end of 2022, it continues to affect global health and economies despite mitigation efforts due to the Dashboard from John Hopkins University (2024). This study excludes the years 2020 to 2022, to mitigate the impact of the COVID-19 period on our analysis.
Consistency in results is evident across the removal of COVID-19 period, as delineated in Table 12. In Column 1, where results exclude the COVID-19 period, a notable enhancement over baseline model, in coefficient magnitude, but slightly reduced statistical significance observed, with a coefficient of -0.223 and significant at the 1% level.
8.3. Exclusion of US firms
This study uses a robustness test that removes U.S. firms from the sample is essential to ensure that the observed effects of green bond issuance on issuers’ cost of debt are not driven by country-specific factors, regulatory differences, or market conditions unique to the United States. Given that the U.S. has a well-developed financial market, a strong regulatory environment, and extensive green finance initiatives, firms operating within this setting may experience different borrowing conditions compared to firms in other countries. Removing U.S. firms allows for an assessment of whether the observed relationship between green bond issuance and debt costs holds in a global context, thereby improving the external validity and generalizability of the findings (Calvet et al., 2022; Flammer, 2021).
Moreover, green finance policies and investor demand for sustainability-linked debt vary across regions, affecting how green bonds influence loan spreads and borrowing costs (Tang & Zhang, 2020). If the results remain consistent after excluding U.S. firms, it strengthens the argument that the findings are not driven by country-specific financial dynamics but rather reflect a broader global trend. This approach enhances the study’s credibility by demonstrating that the relationship between green bond issuance and cost of debt is not merely a U.S.-centric phenomenon but applicable to diverse economic and regulatory environments
The robustness test excluding U.S. firms, as presented in Table 12, confirms the stability of the findings. In Column 2, where U.S. firms are removed from the sample, the results remain consistent with the baseline model, exhibiting both slightly reduced statistical significance and a smaller coefficient magnitude. The coefficient of -0.116, significant at the 1% level, indicates that the relationship between green bond issuance and issuers' cost of debt persists even outside the U.S. market, reinforcing the broader applicability of the findings.
8.4. Propensity score matching 
This study employs propensity score matching (PSM) to match each green bond issuer with a precisely matched non-green bond issuer, augmenting the precision of the analysis. Scores are assigned based on the control variables, firm-level characteristics, encompassing total assets, market-to-book ratio, leverage, profitability, tangibility, and cash flow. 
The imperative role of PSM lies in its ability to alleviate potential selection bias by constructing a balanced comparison group (non-green bond issuers) that mirrors green bond issuers in terms of observed characteristics. This enhances the comparability between the treatment (green bond issuance) and control groups, thereby diminishing the likelihood of confounding factors influencing the results. Following the matching process, an additional regression test conducted on the perfectly matched groups facilitates the assessment of the specific impact of green bond issuance while accounting for observable differences. This step facilitates a more targeted analysis on the treated and control groups, already harmonized in terms of observed covariates.
Appendix Panel E furnishes the outcomes detailing the disparities for all matching variables between the control and treated group after PSM matching. It is apparent that all the differences of averages between the control and treated group are insignificant, and it implies there is no significant difference between control and treatment group. Consequently, the PSM approach succeeds in perfectly matching each green bond issuers. 
Column 3 of Table 12 presents the post-matching results. The coefficient of green bond issuance is -0.208 and significant at the 1% level. Compared to baseline results, though a slight drop in significance, the coefficient magnitude is substantially enhanced. This suggests that after achieving the optimal matches, the impact of green bond issuance on reducing bank loans becomes significantly more pronounced.
8.5. Multi-issuance green bond
The robustness test examining the impact of multiple green bond issuances is necessary to assess whether the benefits or costs associated with green bonds are consistent across issuers who engage in multiple issuances. This study introduces a multi-issuance dummy variable which equals one if the firm issues more than one green bond during the sample period and zero otherwise. The approach to construct the multiple issuance is commonly used by literature (Mathew & Sivaprasad, 2023). Initial findings using a dummy variable for green bond issuance may mask heterogeneity in the effects of green bonds on the cost of debt. For instance, issuers with multiple green bond issuances may signal stronger commitment to sustainability, potentially leading to greater reputational benefits and lower cost of debt over time. 
Conversely, repeated issuance could also indicate higher refinancing needs, which might increase perceived risk. This test helps to disentangle whether the observed effects are driven by the act of issuance itself or by the frequency and scale of issuances. Studies like Zerbib (2019) and Flammer (2021) highlight the importance of signalling and reputational effects in green finance, suggesting that repeated issuance could amplify these mechanisms. Thus, this robustness test is critical to validate the baseline results and provide deeper insights into the dynamics of green bond markets.
Column 4 of Table 12 presents the results of the robustness test examining the effect of multiple green bond issuances. The coefficient for green bond issuance is -0.207 and significant at the 5% level, indicating that green bond issuance continues to have a significant negative impact on the cost of bank loans. Additionally, the coefficient of the interaction term between green bond issuance and multi-issuance is -0.007 and significant at the 1% level. While there is a slight drop in significance compared to the baseline results, the magnitude of the coefficient is substantially enhanced. This suggests that the impact of green bond issuance on reducing bank loans remains significant even after multiple issuances, though the effect may vary depending on the frequency of issuance. This finding underscores the importance of considering repeated issuances when evaluating the long-term effects of green bonds on issuers' financing costs.
8.6. Green bond amount
This study uses green bond amount as an alternative index for green bond issuance dummy variable. Replacing the green bond issuance dummy variable with the green bond amount as the independent variable is a necessary robustness test to evaluate whether the scale of issuance influences the cost of debt. The dummy variable approach captures only the binary effect of issuance, ignoring the potential nonlinear relationship between the size of green bond issuance and its impact on issuers. Larger issuances may signal stronger environmental commitments or greater access to green capital markets, potentially leading to more pronounced reductions in the cost of debt. 
Alternatively, larger issuances could increase leverage or refinancing risks, offsetting any benefits. This test aligns with the findings of Tang and Zhang (2020), who emphasize the importance of issuance size in determining market perceptions. By testing the green bond amount, the study can provide a more nuanced understanding of how the scale of green financing affects issuers' cost of debt, enhancing the credibility and generalizability of the baseline results.
Column 5 of Table 12 presents the results of the robustness test using green bond amount as an alternative independent variable. The coefficient for green bond amount is -0.426 and significant at the 1% level, indicating that the scale of green bond issuance also has a significant negative impact on the cost of bank loans. Compared to the baseline results using a dummy variable, the coefficient magnitude is slightly enhanced while maintaining statistical significance. This suggests that the impact of green bond issuance on reducing bank loans remains robust even when accounting for the size of the issuance. The results highlight that the scale of green bond financing plays a meaningful role in influencing issuers' cost of debt, providing further evidence of the economic significance of green bond markets.
8.7. Additional fixed effect
This study incorporates loan type and loan purpose fixed effects as an additional test. While the baseline specification includes firm- and year-level fixed effects to control for time-invariant and firm characteristics, this additional fixed effect will account for further heterogeneity in loan contract design, which may systematically influence borrowing costs (Deli et al., 2019).
Loan type (e.g., term loan, revolving credit facility, bridge loan) and loan purpose (e.g., capital expenditure, refinancing, acquisition financing) reflect important contractual and strategic dimensions of lending. Different loan types and purposes are often associated with distinct risk profiles, covenant structures, and pricing mechanisms (Ivashina & Scharfstein, 2010; Bharath et al., 2007). For instance, acquisition loans may carry higher risk premiums, while refinancing loans might receive more favourable terms depending on firm stability. Failing to account for this variation may bias the estimated effect of green bond issuance if certain loan categories are disproportionately associated with green issuers or systematically priced differently.
By including loan type and purpose fixed effects, the model controls for unobserved heterogeneity in the structure and intent of loan contracts, thereby isolating the effect of green bond issuance on loan spreads more precisely. This robustness check ensures that the observed cost-reducing effect is not merely driven by variation in loan characteristics but truly reflects how lenders respond to the sustainability signal embedded in green bond issuance.
Column 6 of Table 12 presents the results of the robustness test using loan purpose and type as additional fixed effect. The coefficient for green bond amount is -0.151 and significant at the 1% level, indicating that the scale of green bond issuance has a significant negative impact on the cost of bank loans.
This test strengthens the causal interpretation of the baseline results by addressing an important source of omitted variable bias and reinforcing the conclusion that green bond issuance contributes to more favourable lending terms for firms, even after controlling for loan-specific contractual heterogeneity. 
8.8. Disentangling Issuer Identity and Issuance Timing
To improve the precision of causal identification and address concerns surrounding the temporal structure of treatment effects, this study adopts a refined specification within the staggered Difference-in-Differences (DID) framework. Recognizing that the standard coding of treatment as a persistent binary indicator may obscure dynamic treatment heterogeneity and generate biased estimates under staggered adoption, we distinguish between two key dimensions of green bond financing. First, we define a green bond issuer dummy variable that captures the persistent identity of firms that have ever issued a green bond. This variable takes the value of one for all years following the firm’s first issuance. Second, we introduce a time-specific green bond issuance dummy variable that takes the value of one only in the year of the issuance event and zero thereafter. By constructing these two separate indicators, and interacting them to allow for conditional effects, we enable the estimation of both short-term issuance shocks, and the longer-term reputational effects associated with persistent green bond financing.
This coding strategy is grounded in recent advances in DID methodology, which emphasize that treatment effects are often heterogeneous across cohorts and over time and that failure to account for such variation can produce misleading inferences, particularly in settings with staggered treatment adoption  (Callaway & Sant’Anna, 2021; Chaisemartin & D'Haultfœuille, 2020; Goodman-Bacon, 2021). The decision to model the treatment with both time-specific and persistent components reflects theoretical expectations that green bond issuance may have both immediate capital market consequences and enduring effects on firm financing costs. In the context of sustainable finance, where stakeholder responses and organizational change unfold gradually, capturing this evolution is essential to understanding the full consequences of green financing (ElBannan & Löffler, 2024; Flammer, 2021).
Empirical estimates derived from this model provide novel insights into the financial implications of green bond issuance. The coefficient on the issuance-year dummy is statistically indistinguishable from zero, indicating that the act of issuing a green bond does not significantly affect loan spreads in the issuance year alone. By contrast, the coefficient on the green bond issuer dummy is negative and significant at the one percent level, with an estimated magnitude of −0.112. This result suggests that firms identified as green bond issuers experience sustained improvements in their cost of bank debt, consistent with the hypothesis that capital market participants recognize and reward longer-term commitments to environmental financing strategies. Furthermore, the interaction term between issuer identity and issuance timing is also negative and significant at the one percent level, with a coefficient of −0.243, revealing that the act of issuance conveys incremental information when layered upon a persistent green identity. Together, these results imply that financial benefits associated with green bond issuance are not solely confined to one-time events but are reinforced over time through the reputational and monitoring mechanisms that arise from sustained engagement with sustainable finance markets.
These findings contribute to a growing body of evidence that views green bond issuance as more than a capital allocation decision. Prior research suggests that the credibility of environmental commitments strengthens as firms engage repeatedly with green financial instruments (Bachelet et al., 2019; Zerbib, 2019). Our results extend this literature by showing that loan pricing mechanisms internalize not only the firm’s environmental signal at the point of issuance but also the enduring identity of the issuer. In line with the theoretical framework of stakeholder monitoring (Hill & Jones, 1992), our findings suggest that green bond issuance functions as both a signal and a commitment device, shaping lender expectations and influencing financing terms well beyond the issuance year.
Importantly, this identification strategy also mitigates concerns that green bonds may be issued opportunistically during periods of improving credit quality, which could introduce selection bias and confound observed treatment effects. By decoupling the issuer identity from the specific year of issuance, and estimating both effects separately, we provide a more credible test of whether the green bond financing structure itself drives observed reductions in borrowing costs, rather than simply reflecting broader improvements in firm fundamentals. This approach aligns with recent studies emphasizing the importance of conditioning on firm-level dynamics and environmental engagement pathways (Hsu et al., 2023; Ilhan et al., 2023).
Overall, the modelling choices adopted in this study enhance the robustness of causal inference and offer important conceptual clarity in understanding the mechanisms through which green bonds affect firm financing outcomes. The separation of persistent identity from one-time issuance effects provides a richer characterization of treatment heterogeneity and improves alignment with both recent econometric best practices and theoretical expectations in the sustainable finance literature. 
Full estimation results, including all robustness checks are reported in Table 12.
[Insert Table 12 here]
9. Subsample tests
To explore cross-sectional heterogeneity, we divide the full sample into subsamples based on country-, loan-, and firm-level characteristics. For each variable, firm-year observations are split into "high" and "low" groups using median values, and regressions are re-estimated using the baseline model. Control variables remain consistent across all models. Chow tests are used to formally assess whether the differences in coefficients across subsamples are statistically significant. Full regression results are reported in Tables 8–10, with additional robustness checks available in the Online Appendix upon request.
9.1. Country-Level Variation.
We find that the impact of green bond issuance on bank loan costs varies significantly across country contexts. Specifically, the cost-reducing effect is stronger in countries with higher carbon emissions per capita, weaker environmental policy stringency, and lower economic policy uncertainty. These findings suggest that green bonds serve as more valuable signals in jurisdictions where environmental risks are more acute, regulatory structures are less developed, or policy environments are more stable. For instance, in high-emission countries, green bond issuance is perceived as a stronger commitment to sustainability (Chava, 2014; Ding et al., 2023). In countries with weaker environmental policy frameworks, lenders appear to place greater weight on voluntary sustainability signals when pricing loans (Benincasa et al., 2023; Ding et al., 2021). Likewise, in low-EPU environments, green bonds are seen as more credible and impactful amid greater economic stability (Biswas & Zhai, 2021; Barraza & Civelli, 2020). As shown in Table 8, Chow tests confirm statistically significant differences across all three dimensions. Full theoretical discussions and extended results are provided in the Online Appendix.
9.2. Loan-Level Variation.
We also find heterogeneity in the effect of green bond issuance based on loan characteristics. Specifically, the cost-reducing impact is more pronounced for secured loans, loans with financial covenants, and lower-rated loans, where credit risk is higher, and lenders are more responsive to non-financial signals. In secured loans, green bonds complement existing risk protections and enhance lender confidence, while their effect is muted in unsecured lending (Berger et al., 2016; Flammer, 2021). Similarly, when financial covenants are present, green bond issuance appears to further reduce perceived risk, suggesting lenders are more attuned to sustainability signals under heightened monitoring (Akdoğu & Paukowits, 2022; Dutordoir et al., 2023). Lastly, green bonds have a significant effect in lower-rated loans, where credit risk is greater and lenders may value long-term environmental commitments more highly (Altman & Rijken, 2004; Norden & Weber, 2010). Chow test results confirm significant differences across all three loan characteristics (see Table 6). Full regression results and extended discussion are provided in the Online Appendix
9.3. Firm-Level Variation.
We find that the effect of green bond issuance on bank loan costs is more pronounced among highly polluting firms, smaller firms, and those with less independent boards. These results suggest that green bonds serve as more credible and influential signals in firms with greater environmental risk, weaker transparency, or less internal governance strength. Specifically, green bond issuance leads to stronger cost reductions for firms in high-pollution industries, where lenders are more attuned to environmental commitments as indicators of transition and risk mitigation (Chava, 2014; Griffin et al., 2021). Likewise, smaller firms benefit more from green bond issuance, as the signal helps reduce information asymmetry and bolster lender confidence (Jia et al., 2023; Zhang et al., 2022). Finally, the effect is stronger in firms with lower board independence, where green bonds may compensate for governance-related concerns by offering an external commitment to sustainability (Anderson et al., 2004; Bhojraj & Sengupta, 2003). Chow test results across all three dimensions confirm statistically significant heterogeneity (see Table 10). Full regression tables and extended discussion are available in the Online Appendix.
10. Conclusion
Utilizing global syndicated loan data spanning from 2013 to 2022, this empirical investigation provides compelling evidence on the impact of green bond issuance on issuers' bank loans. A central focus on reducing issuers' bank loan spreads, a pivotal contribution of this research, is robustly substantiated through a comprehensive analysis incorporating various mechanisms, subsample tests, and robustness checks.
Consistent findings affirm that green bond issuance significantly diminishes issuers' bank loan spreads, establishing a robust empirical foundation for the positive impact of environmentally conscious financial practices on borrowing costs. Mechanism and moderating effect tests delve into the specific mechanisms through which green bond issuance influences issuers’ bank loan costs and reveal consolidated moderating effects. Information asymmetry, corporate governance, and ESG performance emerge as validated mechanisms. Proxies such as abnormal earnings, management stock ownership, and ES scores strengthen the relationship between green bond issuance and reduced bank loan costs.  Additional proxies, such as equity turnover, CEO duality, audit committee independence, and climate change sentiments, are also tested in the robustness test. This study finds that these diverse mechanisms further strengthen the observed relationship. 
In addition to exploring the impact of green bond issuance on bank loan spreads, this study delves into its broader implications on loans’ debt rating and collateral requirement. This study proves that green bond issuance has significant effect on reducing loans’ collateral requirement and improving loans’ debt ratings. These consolidated implications shed light on the multifaceted benefits green bond issuance brings to issuers, offering a comprehensive perspective on the impact of sustainable financing practices.
Subsample tests highlight apparent preferences of green bond issuance for countries with higher climate change performance, lower carbon emissions, lower economic policy uncertainty, and developed nations. Moreover, its impact is more pronounced in loans without collateral, longer maturity, and larger sizes, as well as for firms with larger size, a higher percentage of independent board members, and greater institutional ownership.
The incorporation of robustness tests, including the exclusion of the COVID-19 period, Propensity Score Matching, and Difference-in-Differences methodology, addresses potential endogeneity concerns, enhancing the overall validity of the study. These supplementary analyses reinforce the main contributions, affirming the reliability of results even under varying conditions and methodological approaches.
The findings of this study carry significant implications for both issuers and lenders, shedding light on the impact of green bond issuance on reducing issuers' bank loan spreads. For issuers, the observed reduction in borrowing costs associated with green bond issuance serves as an effective risk mitigation tool. This can attract more potential issuers focused on sustainability, offering them opportunities to support environmentally conscious practices while potentially benefiting from lower financing costs. Simultaneously, lenders may recognize the appeal of green bond issuers as less risky borrowers, fostering increased interest in supporting sustainable initiatives and creating a mutually beneficial relationship.
The mechanism tests, exploring information asymmetry, corporate governance, and ESG risk exposure, provide both issuers and lenders with valuable insights into the factors influencing the impact of green bond issuance. Informed decision-making becomes crucial for issuers as they assess the financial performance and sustainability practices. Lenders, armed with a deeper understanding of the mechanisms at play, can make more informed lending decisions, assessing the resilience and sustainability commitments of potential borrowers more accurately.
The findings of endogeneity tests demonstrate that supportive climate policies are crucial in maximizing the financial benefits of green bonds, as evidenced by the varying loan spreads for US firms during the periods of withdrawal and return to the Paris Agreement.
The study's exploration of broader implications, including the positive impact on loans' debt ratings and collateral requirements, offers issuers a more comprehensive evaluation of the benefits associated with green bond issuance. Beyond lower loan spreads, issuers enjoy improved credit ratings and reduced collateral requirements, potentially enhancing their overall financial health. For lenders, these insights can inform the structuring of loan agreements that align with the improved creditworthiness of green bond issuers, leading to more favourable lending terms.
In conclusion, this study significantly contributes to the literature by conclusively demonstrating that green bond issuance is associated with a definitive reduction in issuers' bank loan spreads. The robustness checks, mechanism tests, and examinations of loan characteristics collectively bolster this central finding, enriching our understanding of the intricate relationship between sustainable finance practices and traditional lending dynamics, marking a noteworthy advancement in the scope.
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TABLES
Table 1 Summary statistics of all variables
This table presents descriptive statistics for all variables used in the analysis. All continuous variables are winsorized at the 1st and 99th percentiles. Panel A reports loan-level variables, Panel B reports firm-level financial variables, Panel C shows green bond issuance data, Panel D reports ESG scores, and Panel E displays correlation coefficients. See Appendix Table A2 for variable definitions.
	Panel A: Loan characteristics

	Variables
	Number
	Mean
	SD
	P25%
	Median
	P75%

	Bank Loan spread (basis points)
	49298
	187.775
	123.556
	112.500
	150.000
	225.000

	Log (bank loan spread)
	49298
	5.052
	0.619
	4.723
	5.011
	5.416

	Loan maturity (months)
	20103
	48.552
	36.445
	29.000
	48.000
	60.000

	Loan size (million USD)
	20103
	732.513
	1,613.926
	75.090
	250.000
	750.000

	Secured dummy (Y/N)
	20103
	0.291
	0.454
	0.000
	0.000
	1.000

	Syndicate size
	20103
	11.308
	8.899
	5.000
	9.000
	15.000

	Covenant dummy (Y/N)
	20103
	0.302
	0.459
	0.000
	0.000
	1.000

	Loan rating
	20103
	15.392
	5.835
	14.000
	17.000
	19.000

	Panel B: Firm characteristics

	Log (total assets)
	32303
	5.196
	2.467
	3.480
	5.008
	6.708

	Cash
	32303
	0.063
	0.112
	0.011
	0.034
	0.070

	Leverage

	32303
	0.492
	0.179
	0.374
	0.484
	0.611

	Profitability

	32303
	0.101
	0.058
	0.066
	0.097
	0.138

	Market to book ratio
	32303
	1.316
	1.539
	0.515
	0.859
	1.560

	Property, plant and equipment

	32303
	0.372
	0.291
	0.113
	0.305
	0.595

	Panel C: Green bond issuance

	Green bond issuance
	49298
	0.061
	0.00
	0.000
	0.000
	0.000

	Panel D: Other control variables 

	ESG scores
	15540
	0.465
	0.280
	0.238
	0.498
	0.697




	Panel E Correlation Matrix 

	Variables
	(1)
	(2)
	(3)
	(4)
	(5)
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	(10)
	(11)
	(12)
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	(3) SIZE
	-0.292***
	0.141*
	1.000
	
	
	
	
	
	
	
	
	
	
	
	

	
	(0.000)
	(0.000)
	
	
	
	
	
	
	
	
	
	
	
	
	

	(4) Profit
	-0.092***
	0.021*
	0.296*
	1.000
	
	
	
	
	
	
	
	
	
	
	

	
	(0.000)
	(0.000)
	(0.000)
	
	
	
	
	
	
	
	
	
	
	
	

	(5) Lever
	0.084***
	0.076*
	0.301*
	0.007*
	1.000
	
	
	
	
	
	
	
	
	
	

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	
	
	
	
	
	
	
	
	
	
	

	(6) MTB
	-0.114***
	-0.011*
	0.037*
	-0.074*
	0.136*
	1.000
	
	
	
	
	
	
	
	
	

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	
	
	
	
	
	
	
	
	
	

	(7) PPE
	0.002
	-0.001
	0.019*
	0.004*
	0.004*
	-0.002
	1.000
	
	
	
	
	
	
	
	

	
	(0.177)
	(0.608)
	(0.000)
	(0.002)
	(0.001)
	(0.091)
	
	
	
	
	
	
	
	
	

	(8) Cash
	-0.027***
	-0.027*
	0.006*
	0.044*
	-0.010*
	0.000
	0.129*
	1.000
	
	
	
	
	
	
	

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.827)
	(0.000)
	
	
	
	
	
	
	
	

	(9) LMAT
	0.191***
	-0.043*
	-0.121*
	-0.032*
	-0.053*
	-0.028*
	0.000
	-0.042*
	1.000
	
	
	
	
	
	

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.965)
	(0.000)
	
	
	
	
	
	
	

	(10) LSIZE
	-0.604***
	0.074*
	0.314*
	0.081*
	0.103*
	0.091*
	0.004*
	-0.028*
	-0.067*
	1.000
	
	
	
	
	

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.008)
	(0.000)
	(0.000)
	
	
	
	
	
	

	(11) LRAT
	-0.229***
	-0.019*
	-0.068*
	-0.051*
	-0.013*
	-0.091*
	0.002
	0.040*
	0.075*
	-0.116*
	1.000
	
	
	
	

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.005)
	(0.000)
	(0.652)
	(0.000)
	(0.000)
	(0.000)
	
	
	
	
	

	(12) SS
	-0.655***
	0.078*
	0.319*
	0.089*
	0.120*
	0.087*
	-0.002
	-0.018*
	-0.052*
	0.561*
	-0.056*
	1.000
	
	
	

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.141)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	
	
	
	

	(13) ESG
	-0.117***
	0.163*
	0.543*
	0.107*
	0.130*
	-0.035*
	0.022*
	-0.037*
	-0.098*
	0.182*
	-0.048*
	0.143*
	1.000
	
	

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	
	
	

	(14) TS
	-0.026***
	-0.024*
	-0.046*
	-0.025*
	0.000
	-0.010*
	0.038*
	-0.225*
	-0.015*
	-0.099*
	-0.007
	0.041*
	-0.055*
	1.000
	

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.916)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.162)
	(0.000)
	(0.000)
	
	

	(15) CS
	0.099***
	-0.014*
	0.005*
	0.010*
	0.029*
	-0.036*
	0.083*
	-0.118*
	0.046*
	-0.160*
	0.010
	0.019*
	-0.001
	0.770*
	1.000

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.050)
	(0.000)
	(0.844)
	(0.000)
	

	



Table 2 univariate analysis
This table contains the average loan-level characteristics comparison between green and non-green bond issuers in Panel A and a comparison of before and after green bond issuance among the issuers in Panel B. Significance at the 10%, 5%, and 1% level is indicated by *, **, and ***, respectively.
	Panel A
	
	
	

	
	Green bond issuers
	Non-green bond issuers
	Difference

	Bank loan spread (bp)
	138.394
	188.707
	50.313***

	Syndicate size
	11.324
	11.305
	-0.019

	Secured dummy
	0.119
	0.331
	0.212***

	Covenant dummy
	0.185
	0.329
	0.144***

	Loan maturity (in month)
	49.803
	48.865
	-0.938

	Loan size (million USD)
	1253.247
	1032.862
	-220.385***

	Debt ratings
	15.726
	15.324
	-0.401**

	Total asset (million USD)
	45391.180
	14886.600
	-30504.580***

	Operational risks
	0.053
	0.113
	0.060***

	Leverage 
	0.481
	0.495
	0.014***

	Profitability 
	0.108
	0.074
	-0.034***

	Tangibility 
	0.544
	0.329
	-0.215***

	Market-to-book ratio 
	0.752
	1.459
	0.706***

	ESG scores
	0.386
	0.358
	-0.028***




	Panel B
	
	
	

	
	Before issuance
	After issuance
	Difference

	Bank loan spread (bp)
	154.144
	129.645
	-24.498***

	Syndicate size
	11.824
	10.429
	-1.395***

	Secured dummy
	0.124
	0.110
	-0.014

	Covenant dummy
	0.181
	0.191
	0.010

	Loan maturity (in month)
	50.027
	49.402
	-0.625

	Loan size (million USD)
	1286.089
	1194.270
	-91.818

	Debt ratings
	15.559
	16.062
	0.503

	Total asset (million USD)
	42095.270
	50875.400
	8780.133**

	Operational risks
	0.137
	0.101
	-0.036***

	Leverage 
	0.480
	0.482
	0.002

	Profitability 
	0.067
	0.078
	0.011***

	Tangibility 
	0.529
	0.572
	0.043***

	Market-to-book ratio 
	0.742
	0.773
	0.031

	ESG scores
	0.368
	0.396
	0.028***






Table 3 Baseline model results
This table presents the baseline results for green bond issuance and its impact on bank loan spread. This table displays coefficient estimates from regressions investigating the impact of green bond issuance on issuers' bank loan spreads. The dependent variable is the logarithm form of bank loan spreads, and the key independent variable is a dummy variable representing green bond issuance. In Column 1, the results illustrate the impact of green bond issuance on bank loan spread without any control variables. In Column 2, firm-level characteristics are introduced as control variables alongside green bond issuance. Column 3 includes results with the addition of loan-level characteristics. Column 4 incorporates environmental, social, and governance (ESG) scores. Column 5 introduces corporate governance control variables, independent board members, as an additional control. Significance levels at 10%, 5%, and 1% are denoted by *, **, and ***, respectively.
	
	1
	2
	3
	4
	5

	
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread

	Green bond issuance
	-0.200***
	-0.234***
	-0.252***
	-0.279***
	-0.150***

	
	(0.026)
	(0.028)
	(0.031)
	(0.030)
	(0.045)

	Total assets
	
	-0.113***
	-0.134***
	-0.116***
	-0.069***

	
	
	(0.007)
	(0.010)
	(0.012)
	(0.012)

	Profitability 
	
	-0.019
	0.024
	0.021
	-0.010

	
	
	(0.011)
	(0.014)
	(0.017)
	(0.018)

	Leverage 
	
	0.062***
	0.065***
	0.040***
	0.042***

	
	
	(0.003)
	(0.004)
	(0.005)
	(0.005)

	Market to book ratio
	
	-0.018***
	-0.017***
	-0.015***
	-0.012***

	
	
	(0.002)
	(0.002)
	(0.002)
	(0.002)

	Property, plant and equipment
	
	0.000
	0.000
	-0.000
	-0.001

	
	
	(0.000)
	(0.000)
	(0.000)
	(0.000)

	cash
	
	0.000
	0.003
	0.014**
	0.028***

	
	
	(0.001)
	(0.003)
	(0.006)
	(0.010)

	Loan maturity 
	
	
	0.002
	-0.005
	-0.011

	
	
	
	(0.005)
	(0.006)
	(0.006)

	Loan size 
	
	
	-0.025***
	-0.026***
	-0.020***

	
	
	
	(0.004)
	(0.004)
	(0.004)

	Loan ratings
	
	
	-0.003***
	-0.003***
	0.001

	
	
	
	(0.001)
	(0.001)
	(0.001)

	Syndicate size
	
	
	-0.056***
	-0.047***
	-0.049***

	
	
	
	(0.005)
	(0.006)
	(0.006)

	ESG scores
	
	
	
	-0.118***
	-0.183***

	
	
	
	
	(0.024)
	(0.025)

	Term spread
	
	
	
	
	-15.242***

	
	
	
	
	
	(1.308)

	Credit spread
	
	
	
	
	5.589***

	
	
	
	
	
	(2.006)

	Constant 
	4.891***
	5.788***
	6.376***
	6.415***
	5.608***

	
	(0.002)
	(0.061)
	(0.096)
	(0.119)
	(0.127)

	Fixed effect
	
	
	
	
	

	Firm
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	Year 
	Yes
	Yes
	Yes
	Yes
	Yes

	Adjusted R2
	0.7216
	0.7392
	0.7418
	0.7450
	0.7577

	Observations
	49298
	32303
	20103
	15540
	14364




Table 4 Mechanisms test results
This table presents correlations between green bond issuance and potential mechanism. Column 1 examines the link with abnormal earnings for information asymmetry. Corporate governance scrutiny involves Column 2 on management stock ownership. For ESG risk exposure, Columns 3 assesses the connection with ES score. Significance levels *, **, and *** indicate 10%, 5%, and 1%, respectively.
	
	1
	2
	3
	4
	5
	6

	
	STAGE 1
	STAGE 2
	STAGE 1
	STAGE 2
	STAGE 1
	STAGE 2

	
	Information asymmetry
	
	Corporate governance
	
	ESG performance
	

	
	Analyst Forecast Dispersion
	Bank Loan Spread
	Institutional Ownership
	Bank Loan Spread
	Climate Change Sentiment
	Bank Loan Spread

	Green bond issuance
	-0.252***
	
	0.211***
	
	0.857**
	

	
	(0.091)
	
	(0.051)
	
	(0.384)
	

	Analyst Forecast Dispersion
	
	0.165***
	
	
	
	

	
	
	(0.041)
	
	
	
	

	Institutional Ownership
	
	
	
	-0.172***
	
	

	
	
	
	
	(0.047)
	
	

	Climate Change Sentiment
	
	
	
	
	
	-0.144***

	
	
	
	
	
	
	(0.046)

	All control variables
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Firm FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Adjusted R2
	0.2124
	0.3232
	0.2213
	0.3213
	0.2772
	0.2988

	Observations
	20021
	14364
	20197
	14541
	10130
	7984






Table 5 Moderation effect test results
This table presents subsample regressions by high vs. low groups for analyst forecast dispersion, institutional ownership, and climate change sentiment. Chow tests assess whether differences in coefficients are statistically significant across subsamples. Standard errors are clustered at the firm level. *** p<0.01, ** p<0.05, * p<0.1.
	
	1
	2
	3
	4
	5
	6

	
	Higher analyst forecast dispersion
	Lower analyst forecast dispersion
	Higher institutional ownership
	Lower institutional ownership
	Higher Climate Change sentiment
	Lower Climate Change Sentiment

	
	Bank loan 
spread
	Bank loan 
spread
	Bank loan 
spread 
	Bank loan 
spread
	Bank loan 
spread
	Bank loan 
spread

	green bond issuance
	-0.195**
	-0.062
	0.210
	-0.069**
	-0.011
	-0.611**

	
	(0.087)
	(0.191)
	(0.183)
	(0.028)
	(0.049)
	(0.305)

	All controls
	
	
	
	
	
	

	Firm FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Adjusted R2
	0.4614
	0.4916
	0.7445
	0.6836
	0.7478
	0.7645

	Observations
	7287
	7121
	6561
	7757
	6930
	7373

	Chow tests
	8.07***
	8.17***
	33.18***

	Test statistics
	(0.0045)
	0.0043
	(0.0000)










Table 6 loan characteristics 
This table contains the results of testing whether other loan-level characteristics could have the same influence from green bond issuance. Column 1 presents the results for syndicate size in logarithmic form. Column 2 presents the results for debt ratings in logarithmic form. Column 3 presents the results for the dummy variable that whether having collateral (secured). Column 4 presents the results for whether having covenants as a dummy variable. Significance at the 10%, 5%, and 1% level is indicated by *, **, and ***, respectively.
	
	1
	2
	3
	4

	
	Syndicate size
	Loan ratings
	Loan Security 
	Loan covenant 

	green bond issuance
	0.067
	2.248**
	-0.103***
	-0.104***

	
	(0.067)
	(0.392)
	(0.035)
	(0.035)

	All control variables
	Yes
	Yes
	Yes
	Yes

	Firm FE
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes

	Adjusted R2
	0.5100
	0.7273
	0.6673
	0.5008

	Observations
	14364
	14364
	12941
	14364





Table 7 pre-trend test 
This table contains the results of testing whether the effect of green bond issuance has pre-trend. Column 1 presents the results for three years before green bond issuance and 1 year after green bond issuance. Significance at the 10%, 5%, and 1% level is indicated by *, **, and ***, respectively.
	
	1

	
	Bank loan spread

	3 years before green bond issuance
	0.063

	
	(0.064)

	2 years before green bond issuance
	0.030

	
	(0.083)

	1 year before green bond issuance
	-0.036

	
	(0.095)

	Current year
	-0.020

	
	(0.144)

	1 year after green bond issuance
	-0.247*

	
	(0.131)

	Intercept
	5.623***

	
	(0.137)

	All control variables
	Yes

	Firm FE
	Yes

	Year FE
	Yes

	Adjusted R2
	0.7721

	Observations
	12938





Table 8 Difference-in-differences test
This table illustrates the results of DID tests using "Moody’s Green Bond Assessment”, “Climate bond initiative certificated”, and “Green use of proceeds”, the dependent variable is still the log (bank loan spread). Column 1 involves the interaction variable between green bond issuance and Moody’s announcement dummy. Column 2 examines the interaction variable between green bond issuance and CBI certification dummy. Column 3 involves the interaction variable between green bond issuance and green use of proceeds dummy. Levels of significance, denoted by *, **, and ***, for 10%, 5%, and 1%, respectively, accompany the results.
	
	1
	2
	3

	
	Bank loan spread
	Bank loan spread
	Bank loan spread

	GBI X Moody
	-0.544***
	
	

	
	(0.160)
	
	

	GBI X CBI
	
	-0.314***
	

	
	
	(0.094)
	

	GBI X GUOP
	
	
	-0.303***

	
	
	
	(0.105)

	green bond issuance
	-0.350**
	-0.078
	-0.094

	
	(0.154)
	(0.81)
	(0.095)

	All control variables
	Yes
	Yes
	Yes

	Firm FE
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes

	Adjusted R2
	0.7579
	0.7579
	0.7578

	Observations
	14364
	14364
	14364







TABLE 9 Instrumental variable tests
	
	1
	2

	
	HIGH_IND_ISSUE
	HIGH_ISS_AMT

	
	Bank loan spread
	Bank loan spread

	GBI
	-0.642**
	-0.743**

	
	(0.311)
	(0.346)

	All control variables
	Yes
	Yes

	Firm FE
	Yes
	Yes

	Year FE
	Yes
	Yes

	Adjusted R2
	0.6842
	0.7321

	Observations
	14401
	14401






Table 10 additional mediation test
	
	1
	2
	3
	4
	5
	6

	
	Stage 1
	Stage 2
	Stage 1
	Stage 2
	Stage 1
	Stage 2

	
	Turnover ratio
	Bank loan spread
	Audit committee independence
	Bank loan spread
	Climate change exposure
	Bank loan spread

	green bond issuance
	0.677**
	
	0.020***
	
	-0.216**
	

	
	(0.314)
	
	(0.009)
	
	(0.101)
	

	turnover ratio
	
	-0.032***
	
	
	
	

	
	
	(0.009)
	
	
	
	

	audit committee independence
	
	
	
	-0.389**
	
	

	
	
	
	
	(0.191)
	
	

	climate change risk
	
	
	
	
	
	0.039*

	
	
	
	
	
	
	(0.016)

	All controls 
	
	
	
	
	
	

	Firm FE
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 
	Yes 

	Year FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Adjusted R2
	0.1166
	0.4869
	0.8385
	0.3144
	0.6164
	0.6913

	Observations
	12262
	9741
	19063
	14221
	4169
	3239





Table 11 additional moderating test
	
	1
	2
	3
	4
	5
	6

	
	Higher turnover ratio
	Lower turnover ratio
	Higher audit committee independence
	Lower audit committee independence
	Higher climate change exposure
	Lower climate change exposure

	
	Bank loan 
spread
	Bank loan 
spread
	Bank loan 
spread
	Bank loan 
spread
	Bank loan 
spread
	Bank loan 
spread

	green bond issuance
	0.181
	-0.144***
	-0.024
	-0.230**
	-0.532***
	0.056

	
	(0.132)
	(0.050)
	(0.088)
	(0.093)
	(0.146)
	(0.225)

	All controls
	
	
	
	
	
	

	Firm FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Adjusted R2
	0.8552
	0.7458
	0.7580
	0.7099
	0.3013
	0.3281

	Observations
	4703
	4318
	7371
	6378
	1817
	1496

	Chow test
	16.08***
	4.89**
	6.71***

	test statistic
	(0.0001)
	0.0270
	0.0096



Table 12 Robustness tests
This table presents that after drop the COVID-19 period, the year 2020 to 2022. Column 1 presents the results after the COVID-19 period has been removed.  Column 2 presents the results after PSM. Significance at the 10%, 5%, and 1% level is indicated by *, **, and ***, respectively.
	
	1
	2
	3
	4
	5
	6
	7

	
	Removal of COVID
	Removal of US firms
	PSM
	Multi-issuance
	Green bond amount
	Loan type loan purpose fixed effect
	Green bond issuance exact year and issuer

	
	Bank loan 
spread
	Bank loan 
spread
	Bank loan 
spread
	Bank loan 
spread
	Bank loan 
spread
	Bank loan 
spread
	Bank loan spread

	Green bond issuance
	-0.223***
	-0.116***
	-0.208***
	-0.207**
	
	-0.151***
	

	
	(0.078)
	(0.043)
	(0.064)
	(0.082)
	
	(0.047)
	

	Green bond issuance X Multi-issuance
	
	
	
	-0.007***
	
	
	

	
	
	
	
	(0.001)
	
	
	

	Multi-issuance
	
	
	
	-0.001
	
	
	

	
	
	
	
	(0.003)
	
	
	

	Green bond size in millions
	
	
	
	
	-0.426*
	
	

	
	
	
	
	
	(0.235)
	
	

	Green bond issuance exact year X Green bond issuer
	
	
	
	
	
	
	-0.243***

	
	
	
	
	
	
	
	(0.053)

	Green bond issuer
	
	
	
	
	
	
	-0.112***

	
	
	
	
	
	
	
	(0.036)

	Green bond issuance Exact year
	
	
	
	
	
	
	0.100

	
	
	
	
	
	
	
	(0.202)

	All controls
	
	
	
	
	
	
	

	Firm FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Loan purpose 
	No
	No
	No
	No
	No
	Yes
	No

	Loan type
	No
	No
	No
	No
	No
	Yes
	No

	Adjusted R2
	0.7651
	0.7550
	0.7628
	0.7581
	0.4676
	0.7719
	0.7725

	Observations
	9141
	9576
	5338
	14364
	14408
	12938
	14364



 
[bookmark: _Hlk193981194]Appendix
Panel A: Sample selection criteria
This panel outlines the sample selection process for green bond issuers. The initial sample includes 2417 issuers from Refinitiv. Exclusions are made based on missing ISINs, Perm IDs, and loan information, resulting in a final sample of 269 green bond issuers.
	
	Number of green bond issuers

	Refinitiv 
	2417

	Issuers lacking ISIN
	598

	Issuers lacking Perm ID
	206

	Issuers lacking loan information
	1208

	Number of available issuers
	405






Panel B: Country-level distribution of green bond issuers

	
	Green bond issuers
	Non green bond issuers

	Australia
	14
	146

	Austria
	2
	6

	Belgium
	2
	13

	Brazil
	2
	4

	Canada
	18
	159

	Chile
	2
	7

	China 
	38
	439

	Colombia
	2
	3

	Denmark
	2
	4

	Finland
	2
	17

	France
	11
	116

	Germany
	9
	104

	Chinese Hong Kong
	3
	31

	Iceland
	2
	4

	India
	11
	106

	Indonesia
	3
	25

	Ireland
	3
	21

	Italy
	3
	31

	Japan
	83
	873

	Luxembourg
	2
	6

	Mexico
	3
	36

	Netherlands
	3
	35

	New Zealand
	5
	48

	Norway
	2
	14

	Portugal
	2
	3

	Singapore
	2
	12

	South Africa
	2
	15

	South Korea
	2
	9

	Spain
	6
	61

	Sweden
	3
	31

	Switzerland
	5
	39

	Thailand
	2
	2

	United Arab Emirates
	2
	6

	United Kingdom
	18
	221

	United States
	151
	1423





Panel C: Distribution of Firm-Year Observations by Country
This table provides the distribution of firm-year observations across different countries.
	
	Green bond issuer Firm-year observations
	Non green bond issuer
Firm-year observations
	Total 

	Australia
	160
	1608
	1768

	Austria
	14
	71
	84

	Belgium
	20
	141
	161

	Brazil
	11
	42
	54

	Canada
	214
	1749
	1963

	Chile
	7
	78
	84

	China 
	349
	4830
	5179

	Colombia
	9
	28
	37

	Denmark
	5
	49
	54

	Finland
	25
	190
	215

	France
	128
	1276
	1405

	Germany
	117
	1149
	1266

	Chinese Hong Kong
	38
	338
	377

	Iceland
	5
	42
	47

	India
	119
	1170
	1290

	Indonesia
	34
	275
	309

	Ireland
	29
	226
	255

	Italy
	41
	338
	379

	Japan
	755
	9603
	10358

	Luxembourg
	14
	63
	77

	Mexico
	45
	395
	440

	Netherlands
	45
	388
	433

	New Zealand
	56
	529
	585

	Norway
	23
	155
	178

	Portugal
	9
	35
	44

	Singapore
	20
	127
	147

	South Africa
	23
	162
	185

	South Korea
	16
	99
	114

	Spain
	70
	670
	740

	Sweden
	38
	338
	377

	Switzerland
	47
	430
	477

	Thailand
	9
	21
	30

	United Arab Emirates
	14
	71
	84

	United Kingdom
	237
	2411
	2648

	United States
	1710
	15744
	17454





Appendix Panel D Variable Descriptions and Measurement Units
This panel defines all variables used in the analysis and their respective units of measurement. Variables include green bond issuance (dummy variable), firm characteristics (e.g., total assets, leverage, tangibility, profitability), governance metrics (e.g., independent board members, management stock ownership), and additional control variables (e.g., environmental and social pillar scores, bid-ask spread, and market competition indices).
	Variable
	Definition
	Unit Measurement

	Bank Loan Spread
	Interest rate charged by banks on loans to issuers minus the LIBOR, SHIBOR, or any other base rate used by commercial banks.
	Number

	Loan Size
	Loan facility amount converted to USD divided by total assets.
	Number

	Loan Maturity
	Logarithmic measure of loan maturity in months.
	Months

	Syndicate Size
	Logarithmic measure of the number of lenders participating in the loan.
	Number

	Debt Ratings
	Logarithmic debt rating index (1 to 25) based on Moody's ratings.
	Number

	Secured Dummy
	Binary variable (1 for secured, 0 otherwise) indicating if the tranche has collaterals.
	Dummy Variable

	Covenant Dummy
	Binary variable (1 if the tranche has financial covenants, 0 otherwise)
	Dummy Variable

	Amendment Dummy
	Binary variable (1 if the tranche has any amendment, 0 otherwise)
	Dummy Variable

	Loan Purpose
	Tertiary purpose of the tranche.
	Dummy Variable

	Loan Type
	Specific tranche type.
	Dummy Variable

	Green Bond Issuance
	Binary variable (1 for firms with green bond issuance and years afterward, 0 otherwise)
	Dummy Variable

	Total Asset
	Logarithmic total book assets in millions of USD.
	Number

	Cash Flow Volatility
	Standard deviation of yearly cash flows from operations divided by total assets over the past two calendar years.
	Percentage

	Leverage
	(Debt in current liabilities + total long-term debt) divided by total assets.
	Percentage

	Tangibility
	Net property, plant, and equipment divided by total assets.
	Percentage

	Profitability
	EBITDA divided by total assets.
	Percentage

	Market-to-Book Ratio
	(Debt in current liabilities + total long-term debt + preferred stock carrying value – deferred taxes and investment tax credit + stock price at the end of the quarter * common shares outstanding) divided by total assets
	Percentage

	Audit Committee Independence
	Percentage of independent members in firms’ audit committees.
	Percentage

	Independent Board Member
	Percentage of independent members in firms’ boards.
	Percentage

	Management Stock Ownership
	Percentage of shares held by insiders.
	Percentage

	Environment Pillar Score
	Weighted average relative rating based on reported environmental information.
	Percentage

	Social Pillar Score
	Weighted average relative rating based on reported social information.
	Percentage

	Governance Pillar Score
	Weighted average relative rating based on reported governance information.
	Percentage

	ESG Controversy Score
	Measures a company's exposure to environmental, social, and governance controversies and negative events reflected in global media.
	Percentage

	ESG Score
	Logarithmic score based on environmental, social, and governance pillar scores.
	Percentage

	Bid-Ask Spread
	Ratio of difference between bid and ask prices divided by the mid-point of the bid-ask price.
	Percentage

	Abnormal Earnings
	Disparity between last year’s earnings per share forecasts and this year’s actual earnings per share, scaled by the calendar year-end stock price.
	Percentage

	Dividend Report Frequency
	Logarithmic measure of the number of months firms take to disclose a dividend report.
	Number

	Earnings Report Frequency
	Logarithmic measure of the number of months firms take to disclose an earnings report.
	Number

	CEO Duality
	Binary variable (1 if the Chief Executive Officer is a chairman of the board, 0 otherwise)
	Dummy Variable

	Climate Change Positive Sentiment
	Percentage derived from climate change bigrams and keywords within firms’ earnings call transcripts.
	Percentage

	Climate Change Negative Sentiment
	Percentage derived from climate change bigrams and keywords within firms’ earnings call transcripts.
	Percentage

	Climate Change Performance
	Instrument to enable transparency in national and international climate politics.
	Percentage

	Economic Policy Uncertainty
	Percentage reflecting the relative frequency of own-country newspaper articles discussing economic policy uncertainty.
	Percentage






Appendix Panel E Comparison of control and treated groups
This table provides the results of the difference of all the variables from both the control and treated groups in the post-match results PSM results. The differences for all the matching variables are insignificant. Significance at the 10%, 5%, and 1% level is indicated by *, **, and ***, respectively.
	Average 
	Control
	Treated
	%bias 
	t

	Total asset
	9.772
	9.841
	4.6
	0.60

	Leverage 
	0.489
	0.498
	5.3
	0.74

	Profitability 
	0.067
	0.070
	5.8
	0.72

	Tangibility 
	0.611
	0.616
	1.8
	0.24

	Market-to-book ratio 
	0.777
	0.842
	5.9
	1.32

	Cash 
	0.180
	0.180
	-0.1
	-0.01






Appendix Panel F Industry Classification
Industry Classification Based on SIC Codes
This panel categorizes industries based on Standard Industrial Classification (SIC) codes. Industry divisions include Agriculture, Forestry, and Fishing (0100–0999), Mining (1000–1499), Manufacturing (2000–3999), and other divisions. Non-classifiable SIC codes are also listed.
	Range of SIC Codes
	Division

	0100-0999
	Agriculture, Forestry and Fishing

	1000-1499
	Mining

	1500-1799
	Construction

	2000-3999
	Manufacturing

	4000-4999
	Transportation, Communications, Electric, Gas and Sanitary service

	5000-5199
	Wholesale Trade

	5200-5999
	Retail Trade

	6000-6799
	Finance, Insurance and Real Estate

	7000-8999
	Services

	9100-9729
	Public Administration

	1800-1999, 9900-9999
	Not used OR Non-classifiable





Appendix Panel G Pollution Intensity by Industry
Classification of High- and Low pollution Industries
This panel classifies industries into high-pollution and non-high-pollution categories based on SIC codes. High-pollution industries include Mining (1000–1499), Construction (1500–1799), and Manufacturing (2000–3999). Non-high-pollution industries include Retail Trade (5200–5999) and Services (7000–8999).
	Range of SIC Codes
	

	High polluters
	Division

	1000-1499
	Mining

	1500-1799
	Construction

	2000-3999
	Manufacturing

	4000-4999
	Transportation, Communications, Electric, Gas and Sanitary service

	Non-high polluters
	Division

	0100-0999
	Agriculture, Forestry and Fishing

	5000-5199
	Wholesale Trade

	5200-5999
	Retail Trade

	6000-6799
	Finance, Insurance and Real Estate

	7000-8999
	Services

	9100-9729
	Public Administration
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In this section, this study explores the cross-sectional heterogeneity in the impact of green bond issuance on bank loan spreads through regressions across various subsamples. This analysis considers different scenarios, examining how the influence of green bond issuance may vary at different country-, loan-, and firm-level variations. 
To conduct these tests, we divided firm-year observations into subsamples based on various country-, loan-, and firm-level variables. Specifically, we categorize each variable into high and low groups relative to their median values within the sample. The regression model estimated for these subsamples remains consistent with our baseline model, where the key independent variable is green bond issuance. Control variables include all those in the baseline model.
10.1. Country-level subsamples
To conduct this test of green bond issuance, we divided firm-year observations into subsamples based on, carbon emissions per capita, environmental policy stringency, economic policy uncertainty, market competition, environmental mandated disclosure and climate change performance. 
10.1.1. Carbon emissions per capita
As prior literature documents that carbon emissions have a significant impact on various bank loans (Ding et al., 2023; Ehlers et al., 2022; Palea & Drogo, 2020), this study argues that green bond issuance may have a stronger effect in reducing issuers' bank loan costs in countries with higher carbon emissions. In contrast, in countries with already low carbon emissions, the effect of green bond issuance on loan costs may be much less pronounced.
Countries with higher carbon emissions per capita face higher investor pressure, and financial risks associated with environmental impact. Firms operating in these countries may experience higher borrowing costs due to the perceived financial risks linked to carbon-intensive activities (Chava, 2014). In such contexts, green bond issuance serves as a strong commitment to sustainability, signalling efforts to transition toward lower carbon footprints, which can help mitigate lender concerns and lead to lower financing costs (Matsumura et al., 2014). Since high-emission countries face increasing global and domestic regulatory measures to curb carbon output, green bond issuance is likely to be viewed more favourably by lenders, resulting in a stronger reduction in loan spreads.
Additionally, countries with higher carbon emissions may lack stringent environmental policies or have historically weak sustainability commitments, making firm-level green initiatives more impactful in shaping lender perceptions (Ding et al., 2023). Green bond issuance in these countries provides a clearer differentiation between firms actively pursuing sustainability and those that are not, leading to greater improvements in financing conditions for green bond issuers (ElBannan & Löffler, 2024). Conversely, in countries with already low carbon emissions, firms are generally expected to adhere to sustainability norms, making green bond issuance a less distinguishing factor in bank loan pricing (ElBannan & Löffler, 2024). Lenders in such economies may already assume strong environmental responsibility from borrowers, reducing the incremental benefit of issuing green bonds.
Moreover, in high-emission countries, governments and financial institutions may introduce incentives or policy frameworks to encourage green financing, further enhancing the cost-saving effects of green bond issuance (Ehlers et al., 2022). As regulators and market participants push for climate-friendly investments, firms issuing green bonds in carbon-intensive economies may receive preferential treatment in credit markets, amplifying the financial benefits. By contrast, in low-emission countries with already established sustainability policies, green bond issuance does not carry the same novel signalling effect, leading to a weaker impact on issuers' bank loan costs.
Therefore, this study anticipates that the impact of green bond issuance on reducing bank loan costs will be stronger in countries with higher carbon emissions, where the need for sustainability commitments is greater, financial risks associated with environmental impact are more pronounced, and regulatory pressures on high-emission firms create stronger incentives for lenders to differentiate green bond issuers from other borrowers. In contrast, in low-emission countries, where sustainability is already embedded in financial and corporate practices, the cost-reducing effects of green bonds are expected to be much less significant.  
Columns 1 and 2 of Table 7 analyse firms with higher and lower carbon emissions per capita. In Column 1, the coefficient for green bond issuance is -0.344 and it is statistically significant at the 1% level, indicating green bond issuance has a significant reducing effect on issuer’s bank loan cost in countries with higher carbon emissions. Conversely, in Column 2, the coefficient is 0.105, lack significance, implying that green bond issuance in countries with lower carbon emissions does not have any influence on issuers’ cost of bank loans. These results imply that green bond issuance in countries with higher carbon emissions leads to a more substantial reduction in issuers’ bank loan costs. These empirical findings substantiate the earlier argument positing that superior performance in combating climate change and lower carbon emissions per capita contribute to lower bank loan costs. 
The chow tests F statistic is 20.85 and significant at the 1% (p<0.0001), confirming that the difference in the effect of green bond issuance between countries with higher and lower carbon emission per capita is statistically significant
10.1.2. Environmental policy stringency
The Environmental Policy Stringency (EPS) Index, developed by the OECD, is a country-specific, internationally comparable measure that captures the degree to which environmental policies impose explicit or implicit costs on polluting activities. The index reflects the stringency of different environmental policy instruments, related to climate and air pollution. It offers a standardized benchmark for evaluating national environmental policy intensity.
This study posits that the effectiveness of green bond issuance in reducing issuers’ bank loan costs may vary depending on a country’s EPS level. In countries with weaker environmental policy stringency, green bond issuance may serve as a stronger and more credible signal of voluntary sustainability commitment, helping firms differentiate themselves in regulatory environments where enforcement is lax, or incentives are limited. Prior research supports this view. For instance, Ding et al. (2021) find that banks more actively price carbon risks when policy frameworks are weaker, reflecting higher information uncertainty. Similarly, Benincasa et al. (2023) and Degryse et al. (2023) show that in the absence of strong institutional or policy support, CSR and carbon-related disclosures play a more prominent role in reducing financing frictions and enhancing firm value. These studies collectively suggest that firm-level sustainability actions carry greater signalling weight in less regulated environments.
The empirical results in Table 7 reinforce this argument. In Column 3, representing countries with more stringent environmental policies, the coefficient for green bond issuance is -0.004 and statistically insignificant, suggesting no meaningful impact on bank loan costs. In Column 4, by contrast, the coefficient is -0.656 and significant at the 1% level, indicating a substantial reduction in loan spreads for green bond issuers operating in less stringent regulatory environments. These findings suggest that when policy stringency is already high, green bond issuance offers limited incremental information to lenders, as sustainability practices are assumed or mandated. However, in countries with weaker EPS scores, green bond issuance becomes a more powerful signal of corporate responsibility and climate commitment, leading to greater improvements in borrowing conditions.
The chow tests F statistic is 34.41 and significant at the 1% (p<0.0001), confirming that the difference in the effect of green bond issuance between countries with higher and lower EPS is statistically significant
10.1.3. Economic policy uncertainty (EPU)
The EPU indices reflect the relative frequency of own-country newspaper articles that contain a trio of terms pertaining to the economy, policy, and uncertainty. In other words, each monthly national EPU index value is proportional to the share of own-country newspaper articles that discuss economic policy uncertainty in that month (Baker et al., 2016). This study argues that green bond issuance in countries with lower EPU may be anticipated to have a more favourable impact on reducing issuers' bank loan costs. 
The extant literature, as evidenced by studies such as Barraza and Civelli (2020); Biswas and Zhai (2021), consistently highlights the detrimental impact of EPU on bank loan costs and lending activities. Elevated EPU levels signal reduced economic stability and heightened uncertainty, eroding investor confidence (Biswas & Zhai, 2021). Lenders, perceiving increased economic risks, exhibit reluctance to extend favourable lending terms to green bond issuers, given concerns that environmentally friendly projects may be overpriced (de Klerk and de Villiers, 2012) and entail longer time horizons for returns (He et al., 2022). This pessimistic risk perception may contribute to escalated bank loan costs, as higher EPU renders the country less attractive for loan supplies (Barraza & Civelli, 2020). Recognizing this elevated risk, lenders may withhold funds from green bond issuers, deeming their projects inappropriate with a less stable and more risk-laden economic environment.
Given that, green bond issuance in countries with lower EPU is likely to be associated with lower perceived risk, thereby contributing to reduced bank loan costs for issuers. The lower uncertainty in economic policy creates a more stable and conducive lending environment for green projects and environmentally responsible initiatives.
Columns 5 and 6 examine the effect of green bond issuance in countries with higher and lower EPU. In Column 5, the coefficient for green bond issuance is -0.181, lacking significance, indicating that green bond issuance does not have any influence on issuers’ bank loan costs in countries with higher EPU. In Column 6, however, the coefficient is -0.448 and significant at the 5% level, suggesting that green bond issuance significantly reduces loan costs in countries with lower EPU. This disparity implies that in stable policy environments, green bond issuance is perceived as a credible commitment to sustainability, leading to lower financing costs. Conversely, in high-EPU countries, uncertainty surrounding regulatory and economic conditions may discourage firms from issuing green bonds, as the projects they aim to finance may be less profitable or subject to shifting policy priorities. These findings reinforce the argument that green bond issuance in countries with lower EPU has a stronger impact on reducing issuers' bank loan costs, as stable policy environments enhance market confidence and incentivize sustainable financing. 
The chow tests F statistic is 4.43 and significant at the 5% (p=0.0353), confirming that the difference in the effect of green bond issuance between countries with higher and lower EPU is statistically significant.
10.1.4. Market Competition (Herfindahl-Hirschman (HHI) index)
The level of market competition in a country shapes firms’ strategic behaviour, disclosure incentives, and financing conditions. In highly competitive markets, firms are under constant pressure to maintain margins and differentiate themselves from peers, which may incentivize broader transparency and proactive ESG communication (Boone, Floros, & Johnson, 2019). However, in such environments, lenders already receive rich market signals, and the incremental informational value of green bond issuance may be limited. In contrast, less competitive markets, often characterized by concentrated industries and lower disclosure standards, may heighten information asymmetry. In these settings, green bond issuance can serve as a more powerful signal of corporate commitment to sustainability, helping lenders identify lower-risk borrowers in opaque or less dynamic markets.
Based on this logic, our study posits that green bond issuance has a stronger effect on reducing bank loan costs in countries with less competitive markets. In these environments, where firm-level transparency may be weaker and differentiation through environmental commitment is more salient, green bond issuance provides a clearer and more credible signal to lenders.
Empirical evidence supports this hypothesis. As shown in Table 7, Column 8—covering less competitive markets (higher HHI)—the coefficient on green bond issuance is -0.096, significant at the 10% level, indicating a modest but statistically meaningful reduction in bank loan costs. In contrast, Column 7—representing more competitive markets (lower HHI)—shows a coefficient of -0.251, but it is not statistically significant, suggesting no reliable impact. These results imply that lenders respond more strongly to green bond issuance in concentrated or less competitive markets, where traditional market-based indicators may be insufficient to fully assess firm-level sustainability and risk.
The findings suggest that market competition moderates the signalling effectiveness of green bond issuance. In less competitive markets, green bonds help fill an information gap, reducing perceived risk and improving financing terms. Conversely, in more competitive environments, where firms face greater scrutiny and disclosure is already extensive, the marginal benefit of green bond issuance in loan pricing is diminished.
The chow tests F statistic is 40.58 and significant at the 1% (p<0.0001), confirming that the difference in the effect of green bond issuance between countries with higher and lower competition is statistically significant.
10.1.5. Climate change performance index (CCPI)
The climate change performance index (CCPI) is an instrument to enable transparency in national and international climate politics. The CCPI uses a standardized framework to compare the climate change performance of 67 countries globally. The climate protection performance is assessed in four categories: Greenhouse Gas (GHG) Emissions, Renewable Energy, Energy Use, and Climate Policy (Puertas & Marti, 2021).
This study argues that green bond issuance in countries with higher climate change performance, as measured by the CCPI indicators, may have a more pronounced impact on reducing issuers' bank loan costs. Countries with better climate change performance often have a higher share of renewable energy and emphasize energy use efficiency (Puertas & Marti, 2021). This reflects a dedication to low-carbon initiatives, a factor that positively influences lenders, as noted by Chava (2014). The emphasis on renewable energy and energy use efficiency aligns with the goals of green bond issuers (ElBannan & Löffler, 2024), reinforcing their commitment to sustainable practices. Lenders, recognizing this dedication, may be more likely to perceive green bond issuers positively, potentially leading to favourable lending conditions.
Additionally, a supportive climate policy framework in countries with better climate change performance creates a conducive environment for green projects (Puertas & Marti, 2021). This supportive framework aligns with issuers' sustainability efforts and may contribute to the positive reception of green bond issuers in the lending market (Lee et al., 2023), which may result in favourable lending term eventually. This is how CCPI factors, renewable energy focus, efficient energy utilization, supportive climate policies, may demonstrate that countries with better climate change performance amplify the impact of green bonds on issuers' financing conditions. 
Columns 9 and 10 of Table 7 compare firms operating in countries with higher and lower climate change performance, respectively. In Column 9, the coefficient for green bond issuance is 0.006, lacking significance, suggesting that green bond issuance does not have any meaningful impact on issuers’ cost of bank loans in countries with strong climate change performance. In Column 10, the coefficient is -0.967, significant at the 1% level, indicating that green bond issuance significantly reduces issuers’ bank loan costs in countries with weaker climate change performance. This finding suggests that while green bond issuance is more common in environmentally proactive countries, its financial benefits are more pronounced in countries with weaker climate policies, where it serves as a stronger signal of commitment to sustainability. These empirical results support the theoretical argument that green bond issuance plays a more critical role in reducing borrowing costs in countries where climate change regulations and environmental policies are less developed. 
The chow tests F statistic is 23.77 and significant at the 1% (p<0.0001), confirming that the difference in the effect of green bond issuance between countries with higher and lower CCPI is statistically significant. 
10.1.6. Environmental mandated disclosure
Mandatory environmental disclosure regulations require firms to publicly report information on their environmental practices, risks, and performance. These regulations enhance transparency, reduce information asymmetry, and improve the comparability of sustainability efforts across firms (Ioannou & Serafeim, 2017; Christensen et al., 2021). In countries where such disclosure is mandated by law, stakeholders—especially lenders—have direct access to verified environmental data, which diminishes the informational advantage offered by voluntary sustainability signals such as green bond issuance. In contrast, in countries without mandatory environmental disclosure, lenders may face greater uncertainty regarding firms’ environmental commitments, making voluntary signals like green bonds more valuable.
Building on this rationale, our study posits that the cost-reducing effect of green bond issuance is stronger in countries without environmental mandatory disclosure. In these settings, green bond issuance can serve as a credible signal of sustainability commitment, helping lenders assess environmental risk in the absence of regulatory transparency. Conversely, in countries with mandatory disclosure, green bond issuance may offer limited additional information beyond what is already available through regulatory filings.
Empirical findings in Table 8 support this hypothesis. In Column 12, representing countries without environmental mandatory disclosure, the coefficient for green bond issuance is -0.266, significant at the 5% level, indicating a meaningful reduction in bank loan costs. By contrast, Column 11, focusing on countries with environmental disclosure requirements, shows a coefficient of 0.052, which is not statistically significant, suggesting no effect of green bond issuance on loan pricing. These results imply that lenders place greater weight on green bond signals when they cannot rely on formal regulatory disclosures to assess a firm’s environmental practices.
The findings demonstrate that the presence of mandatory disclosure moderates the value of green bond issuance as a signal to lenders. In countries lacking such regulations, green bond issuance becomes a key differentiator that helps firms reduce perceived environmental risk and lower borrowing costs. In contrast, in disclosure-rich environments, its marginal signalling value diminishes, resulting in limited financial benefits.
The chow tests F statistic is 46.24 and significant at the 1% (p<0.0001), confirming that the difference in the effect of green bond issuance between countries with and without environmental mandated disclosure is statistically significant. The relevant results can be found in Table 7.
[Insert Table A1 here]
This subsection examines how country-level factors impact the effect of green bond issuance on issuers' bank loan costs, focusing on carbon emissions per capita, EPS, EPU, competition, CCPI and mandatory disclosure. Green bond issuance is more impactful in countries that are lagging in environmental efforts (high emissions, weak policies, low climate change performance, without environmental mandated disclosure). The reduction effect is also stronger in less competitive banking markets and countries with stable economic policy environments where banks have a clearer framework for pricing loans. These finding aligns with prior literature (Flammer, 2021; Gulen & Ion, 2015; Hsu et al., 2023; Pástor & Veronesi, 2013; Tang & Zhang, 2020; Valta, 2012). 
10.2. [bookmark: _Hlk194070418]Loan-level subsamples
To conduct this test, we divide observations into subsamples based on loan collateral (security) and covenant requirement, ratings, providers, maturities and sizes. 
10.2.1. Loans collaterals (security)
Collateral plays a central role in shaping loan contract terms, particularly in reducing lender exposure to default risk. Prior studies show that lenders often require collateral from borrowers with lower credit quality or higher perceived risk (Berger et al., 2016; Cerqueiro; et al., 2016; Jimenez et al., 2006; Jiménez et al., 2009). In this context, the effect of green bond issuance on bank loan costs may differ depending on whether the loan is secured. This study posits that the cost-reducing impact of green bond issuance may be more pronounced in collateralized loans, where lenders already have mechanisms to mitigate risk and may be more responsive to additional non-financial signals, such as environmental commitment.
In secured lending arrangements, collateral provides a baseline layer of protection for lenders. The presence of collateral reduces the potential downside risk, enabling lenders to more actively consider qualitative factors like sustainability and ESG practices when assessing loan terms. Green bond issuance, as a credible signal of environmental responsibility and long-term risk management (Flammer, 2021),  may further reassure lenders in collateralized contexts, leading to greater reductions in loan spreads. In contrast, in unsecured loans, where credit risk is inherently higher, lenders may place greater weight on traditional financial metrics and be more sceptical of non-financial signals like green bond issuance, thereby dampening its impact on loan pricing.
This perspective underscores the distinctive dynamics of collateral-free loans within the context of green bonds, wherein the absence of tangible security amplifies the significance of a firm's environmental commitment as a more influential determinant shaping the lender's perception and ultimately reducing overall bank loan costs for green bond issuers.
Empirical evidence supports this argument. In Table 8, Column 1 presents results for loans with collateral requirements, showing a coefficient of -0.293, statistically significant at the 1% level, indicating that green bond issuance is associated with a substantial reduction in bank loan costs for secured loans. In contrast, Column 2, representing unsecured loans, yields a coefficient of 0.032, which is not statistically significant, suggesting no meaningful impact in the absence of collateral. These findings indicate that the cost benefits of green bond issuance are amplified when lenders already have collateral to reduce baseline credit risk and are more willing to reward sustainability efforts.
Furthermore, the Chow test yields an F-statistic of 41.52 (p< 0.0001), confirming that the difference in the effect of green bond issuance between secured and unsecured loans is statistically significant. This validates the presence of heterogeneity in the relationship, reinforcing the view that green bond issuance interacts with collateral presence to shape borrowing outcomes. 
10.2.2. Loan financial covenant
Financial covenants are widely used contractual tools in loan agreements that impose specific performance-based obligations on borrowers. These covenants act as early warning mechanisms for lenders, enabling them to monitor borrower risk and intervene in cases of deteriorating financial conditions. Prior research shows that the presence of financial covenants not only strengthens lender control but also signals heightened lender scrutiny and monitoring intensity (Akdoğu & Alp Paukowits, 2022; Dutordoir et al., 2023). In such settings, lenders may place greater value on non-financial signals, such as a firm’s sustainability commitments, when assessing borrower credibility and pricing loan contracts.
This study posits that the cost-reducing effect of green bond issuance is likely to be more pronounced in loans with financial covenants, as these contracts indicate more sophisticated lender due diligence and an increased willingness to incorporate broader firm characteristics, including ESG factors, into credit assessments. Green bond issuance can thus complement covenant-based monitoring by further reducing perceived risk and enhancing firm transparency, ultimately improving loan terms. In contrast, for loans without financial covenants, where monitoring is less formalized, lenders may be less responsive to green bond signals, limiting their effect on loan pricing.
Empirical evidence supports this hypothesis. In Table 8, Column 3, representing loans with financial covenants, the coefficient on green bond issuance is -0.090, significant at the 10% level, indicating a modest but statistically meaningful reduction in bank loan costs. Conversely, Column 4, covering loans without financial covenants, shows a coefficient of 0.003, which is statistically insignificant, suggesting no observable benefit of green bond issuance in such contracts. These findings suggest that when financial covenants are in place, lenders are more attentive to a firm’s broader risk profile, including environmental performance, and are more likely to reward green bond issuers with lower borrowing costs.
The results highlight that the effectiveness of green bond issuance in reducing loan spreads depends on the structure of the loan contract. Financial covenants, by reinforcing lender oversight, create an environment in which green bond signals are more salient and impactful. This reinforces the view that green financing instruments operate most effectively when embedded within contracts that already facilitate active monitoring and information processing. 
Furthermore, the Chow test yields an F-statistic of 7.46 (p = 0.0063), confirming that the difference in the effect of green bond issuance between loans with and without financial covenant is statistically significant.
10.2.3. Loan ratings
Loan ratings are critical indicators of credit risk and play a central role in determining loan terms and pricing. Higher-rated loans reflect lower default risk and are typically associated with more favourable borrowing conditions, while lower-rated loans signal greater financial uncertainty, leading lenders to demand higher spreads to compensate for risk (Altman & Rijken, 2004; Norden & Weber, 2010). In this context, firm-level sustainability actions such as green bond issuance may carry different informational value depending on the existing credit profile of the loan.
This study posits that the cost-reducing effect of green bond issuance may be more pronounced in lower-rated loans, where lenders may be more sensitive to non-financial signals that mitigate perceived risk. For borrowers with weaker credit profiles, green bond issuance can serve as a credible commitment to long-term environmental and risk management goals, helping to offset concerns about financial stability. Conversely, in higher-rated loans—where firms are already perceived as low-risk—green bond issuance may offer limited additional reassurance to lenders, resulting in a weaker impact on loan pricing.
Empirical evidence presented in Table 8 supports this hypothesis. In Column 6, which includes loans with lower credit ratings, the coefficient for green bond issuance is -0.281, statistically significant at the 1% level, indicating a substantial reduction in bank loan spreads. In contrast, Column 5, focusing on higher-rated loans, shows a coefficient of 0.204, which is not statistically significant, suggesting that green bond issuance does not influence loan pricing when borrowers are already highly rated. These findings suggest that lenders place greater value on sustainability signals from firms with more uncertain credit profiles, while such signals are largely redundant in the presence of strong existing creditworthiness.
These results highlight that the financial impact of green bond issuance is contingent on the borrower’s credit quality. Green bond issuance appears most effective in lowering borrowing costs for lower-rated loans, where it serves as a valuable signal of reduced long-term risk. This reinforces the view that green finance instruments are particularly beneficial for firms operating under greater financial scrutiny, and that their signalling power is amplified in riskier lending contexts.
Furthermore, the Chow test yields an F-statistic of 14.76 (p = 0.0001), confirming that the difference in the effect of green bond issuance between loans with higher and lower credit ratings is statistically significant.
10.2.4. Green loan provider
Banks differ in their environmental orientation and sensitivity to sustainability issues, often reflected in their environmental performance scores. Lenders with higher environmental scores, commonly referred to as green loan providers, are more likely to integrate environmental risks and ESG considerations into their credit evaluation processes. Prior literature has shown that environmentally focused banks are more responsive to borrowers’ sustainability practices, pricing loans in ways that reward firms with credible environmental commitments (Delis et al., 2023; Degryse et al., 2023). These lenders are also more inclined to align their portfolios with climate-related targets, such as those embedded in the Principles for Responsible Banking or net-zero banking initiatives.
Building on this, our study posits that the cost-reducing effect of green bond issuance may be more pronounced when loans are provided by banks with higher environmental scores. These banks are more likely to view green bond issuance as a credible signal of reduced environmental risk and long-term strategic alignment with sustainable finance goals. In contrast, banks with weaker environmental orientations may place less weight on green credentials when pricing loans, thus weakening the effect of green bond issuance on borrowing costs.
Empirical results in Table 8 support this hypothesis. In Column 7, representing loans issued by banks with higher environmental scores, the coefficient for green bond issuance is -0.149, significant at the 1% level, indicating a strong and significant reduction in bank loan costs. In contrast, Column 8, which includes loans from banks with lower environmental scores, shows a coefficient of -0.124, which is not statistically significant. These results suggest that environmentally committed banks are more responsive to the sustainability signals embedded in green bond issuance and reward such efforts through lower loan spreads.
These findings underscore the importance of lender characteristics in shaping the financial impact of green bond issuance. The results indicate that green bond issuance is especially effective in reducing financing costs when borrowers engage with environmentally focused lenders, who are more likely to value sustainability practices and incorporate them into credit pricing. This highlights a strategic complementarity between green borrowers and green lenders in advancing the broader objectives of sustainable finance.
Furthermore, the Chow test yields an F-statistic of 25.62 (p< 0.0001), confirming that the difference in the effect of green bond issuance between loans provided by green and non-green banks is statistically significant.
10.2.5. Loan sizes
Loan size plays a critical role in shaping the structure, monitoring, and pricing of corporate lending. Larger loans often involve greater risk exposure for lenders, necessitating more intensive due diligence, syndication, and contractual protections (Amin et al., 2023; Huang & Wang, 2021; Zhang et al., 2022). However, because large borrowers typically have better access to capital markets and are subject to greater public scrutiny, lenders may rely more on traditional credit metrics and less on non-financial signals such as sustainability commitments (Degryse et al., 2023). In contrast, smaller loans often involve less formalized oversight and more uncertainty regarding borrower quality, which may increase the relevance of green bond issuance as a signal of firm transparency and long-term risk management (Degryse et al., 2023).
Building on this, the current study posits that the impact of green bond issuance on reducing bank loan costs may be more pronounced for smaller loans. In these cases, green bond issuance can serve as a valuable non-financial indicator that reassures lenders about the borrower’s commitment to sustainability and risk mitigation, helping to offset the relative information opacity associated with smaller financing deals.
Empirical evidence supports this argument. As shown in Table 8, Column 10, representing loans with smaller sizes, the coefficient for green bond issuance is -0.141, statistically significant at the 1% level, indicating a meaningful reduction in bank loan costs. In contrast, Column 9, covering larger loans, shows a coefficient of 0.087, which is not statistically significant, suggesting no observable benefit of green bond issuance in large-scale lending arrangements. These findings indicate that lenders value green bond signals more in smaller loan contexts, where borrower characteristics may be less visible and sustainability actions provide greater informational value.
The results suggest that loan size moderates the effectiveness of green bond issuance in influencing bank loan pricing. Green bond issuance appears most impactful for smaller loans, where it acts as a complementary signal to support creditworthiness and reduce perceived risk. In larger loans, where formal evaluation processes are already more robust and borrower reputation is typically well-established, the additional signalling value of green bond issuance may be limited.
Furthermore, the Chow test yields an F-statistic of 6.93 (p = 0.0085), confirming that the difference in the effect of green bond issuance between larger and smaller loans is statistically significant.
10.2.6. Loans maturity 
Loan maturity is a fundamental dimension of credit contracts that directly influences lender risk exposure. Longer-term loans are inherently riskier due to the extended period over which economic conditions, firm performance, and borrower behaviour can evolve (Ehlers et al., 2022; Ferguson & Lam, 2023). As such, lenders often demand higher spreads for loans with longer maturities to compensate for increased uncertainty and potential changes in credit quality (Tian et al., 2024) . In contrast, shorter-maturity loans are perceived as less risky and involve more frequent renegotiation or rollover opportunities, which allows lenders to adjust terms in response to new information (Wang et al., 2020).
Given this risk profile, we posit that the cost-reducing effect of green bond issuance may be more pronounced in loans with shorter maturities. In these loans, lenders may be more responsive to environmental signals as a complement to traditional financial metrics, especially when the shorter time horizon reduces the overall uncertainty associated with project performance. In contrast, for longer-maturity loans, lenders may remain cautious despite green bond issuance, given the difficulty in assessing long-term ESG commitments and policy risks.
The empirical results support this view. In Table 8, Column 12, representing loans with shorter maturities, the coefficient for green bond issuance is -0.282, significant at the 10% level, indicating a meaningful reduction in loan costs for short-term loans. Conversely, Column 11, covering longer-maturity loans, shows a coefficient of -0.106, which is not statistically significant, suggesting that green bond issuance has no discernible effect in longer-term lending arrangements. These findings imply that lenders place greater value on sustainability signals when they can more confidently assess short- to medium-term credit outcomes.
The results highlight that loan maturity moderates the effectiveness of green bond issuance in influencing loan pricing. Green bond issuance exerts a stronger influence in shorter-maturity loans, where risk is lower and environmental commitment signals are more readily incorporated into lending decisions. In contrast, the uncertain long-term trajectory of sustainability efforts may limit the perceived value of green bonds in longer-dated credit contracts.
Furthermore, the Chow test yields an F-statistic of 11.89 (p = 0.0006), confirming that the difference in the effect of green bond issuance between loans with longer and shorter maturities is statistically significant. The relevant results could be found in Table 8.
[Insert Table A2 here]
This subsection explores how loan-level characteristics, such as collateral (security), financial covenant, loan providers, size, credit ratings, and maturity, affect the relationship between green bond issuance and bank loan costs. Empirical results confirm these effects, highlighting the nuanced dynamics between green bond issuance and various loan characteristics. Green bond issuance has a stronger effect in reducing loan costs when loans are riskier or require more lender control (e.g., secured loans, covenant requirements, lower credit ratings). Green bond issuance is more effective when lenders prioritize ESG factors (e.g., loans from "green banks"). Smaller loans and shorter-term loans see stronger effects, possibly because green bond issuance acts as a stronger creditworthiness signal in these cases.
10.3. Firm-level subsamples
To conduct this test, we divide observations into subsamples based on highly polluting, firm sizes, board member independence, systematic risk, CEO duality, and firm age. 
10.3.1. High polluting
Firms in highly polluting industries face heightened scrutiny from regulators, investors, and financial institutions due to their substantial environmental externalities and exposure to climate-related risks. These firms are more vulnerable to future regulatory costs, reputational damage, and pressure to transition toward cleaner operations (Chava, 2014; Griffin et al., 2021). Consequently, lenders often perceive highly polluting firms as higher-risk borrowers, resulting in more conservative loan terms or higher borrowing costs. In this context, green bond issuance can serve as a powerful signal of a firm’s commitment to sustainability and transition efforts, particularly when such action departs from past environmentally harmful practices. The detailed list of which industries are polluting and which are not are attached in Appendix Panels F and G.
This study posits that the cost-reducing effect of green bond issuance is stronger for highly polluting firms, as the issuance is more likely to be interpreted by lenders as a meaningful commitment to risk mitigation and environmental responsibility. For these firms, green bond issuance not only offsets negative perceptions but also provides assurance of future compliance and reduced regulatory exposure. In contrast, for firms already operating in cleaner industries, green bond issuance may offer less incremental information to lenders and thus exert a weaker influence on loan pricing.
Empirical results in Table 9 support this hypothesis. In Column 1, representing highly polluting firms, the coefficient for green bond issuance is -0.400, statistically significant at the 1% level, indicating a strong and economically meaningful reduction in bank loan costs. In contrast, Column 2, representing non-highly polluting firms, shows a coefficient of -0.306, which is not statistically significant, suggesting a weaker or less reliable effect. These findings imply that lenders are more responsive to green bond signals from firms with higher environmental risk, rewarding efforts to improve sustainability with more favourable financing conditions.
The results highlight that pollution intensity moderates the effectiveness of green bond issuance in influencing bank loan costs. For highly polluting firms, green bond issuance plays a more critical role in reshaping lender perceptions, mitigating risk concerns, and improving access to credit. By contrast, in less polluting industries, where environmental performance is already expected or embedded, the marginal signalling value of green bond issuance is less impactful.
The chow tests F statistic is 6.66 and significant at the 1% (p=0.0099), confirming that the difference in the effect of green bond issuance between firms being highly-polluting and not highly-polluting is statistically significant. 
10.3.2. Firm size
Firm size is a critical determinant of financing conditions, information transparency, and external stakeholder scrutiny. Larger firms tend to have more established reputations, better access to capital markets, and greater analyst coverage, which collectively reduce information asymmetry and enhance lenders’ ability to assess risk (Ferguson & Lam, 2023; Kroszner & Strahan, 2001).
As a result, lenders often perceive larger firms as more creditworthy, making them less reliant on non-financial signals, such as green bond issuance, when pricing loans. In contrast, smaller firms typically face higher information opacity and may lack the same level of investor or lender visibility. For these firms, green bond issuance can serve as a powerful credibility-enhancing signal of long-term sustainability commitment and responsible risk management. Jia et al. (2023), (Downar et al., 2021). Karavitis et al. (2021), (Zhang et al., 2022). 
Based on this reasoning, our study posits that the cost-reducing effect of green bond issuance is stronger for smaller firms, as the signal helps bridge informational gaps and reassures lenders about the firm’s environmental and financial intentions. In contrast, for larger firms, where transparency and credibility are already relatively high, green bond issuance may carry less incremental informational value, and thus may not significantly affect borrowing costs.
Empirical results from Table 9 are consistent with this hypothesis. In Column 4, representing smaller firms, the coefficient on green bond issuance is -0.119, statistically significant at the 5% level, indicating a meaningful reduction in bank loan costs. By contrast, Column 3, representing larger firms, shows a coefficient of 0.002, which is not statistically significant, suggesting that green bond issuance has no observable effect on loan pricing for larger firms. These results suggest that lenders are more responsive to green bond issuance from smaller firms, where sustainability signals help compensate for weaker visibility and greater perceived credit risk.
The findings demonstrate that firm size moderates the effectiveness of green bond issuance in influencing bank loan spreads. Smaller firms benefit more from issuing green bonds, as the action sends a strong signal of environmental and strategic discipline in the face of greater lender uncertainty. For larger firms, where reputational capital is already well established, the additional signalling power of green bonds appears limited in affecting loan pricing. 
The chow tests F statistic is 93.42 and significant at the 1% (p<0.0001), confirming that the difference in the effect of green bond issuance between larger and smaller firms is statistically significant. 
10.3.3. Independent board member
Board independence is a key aspect of corporate governance that reflects a firm’s capacity to monitor management and protect shareholder interests. A higher proportion of independent directors is generally associated with stronger oversight, reduced managerial entrenchment, and enhanced transparency (Anderson et al., 2004; Bhojraj & Sengupta, 2003). As such, firms with more independent boards are typically viewed as less risky by lenders, who may place greater trust in the firm’s internal control systems. In contrast, firms with less board independence are often perceived as having weaker governance structures, which can elevate lender concerns regarding managerial discretion and potential agency conflicts.
In this context, our study posits that the cost-reducing effect of green bond issuance is stronger for firms with less independent boards, as the issuance serves as a compensating signal of discipline and commitment to sustainable and responsible practices. In firms where internal governance is weaker, green bond issuance may be more meaningful to lenders, reassuring them of the firm’s long-term environmental and financial strategy. Conversely, in firms with strong board oversight, lenders may already factor in robust governance and thus place less weight on external sustainability signals such as green bonds.
Empirical evidence supports this argument. In Table 9, Column 6, representing firms with lower board independence, the coefficient on green bond issuance is -0.150, significant at the 5% level, indicating a meaningful reduction in bank loan costs. In contrast, Column 5, representing firms with higher board independence, yields a coefficient of 0.166, which is not statistically significant, suggesting that green bond issuance has no observable effect in firms with already strong governance structures. These results imply that lenders are more responsive to green bond signals when internal governance mechanisms are weaker, relying more heavily on external commitments to assess borrower quality.
The findings demonstrate that board independence moderates the signalling effectiveness of green bond issuance. The financial benefits of green bond issuance are more pronounced for firms with less independent boards, where the action helps to alleviate governance-related concerns and build lender confidence. In contrast, for firms with strong internal oversight, green bond issuance offers limited additional value in shaping loan pricing outcomes.
The chow tests F statistic is 24.58 and significant at the 1% (p<0.0001), confirming that the difference in the effect of green bond issuance between firms with higher and lower independent board member percentages is statistically significant. 
10.3.4. Systematic risk (BETA)
Beta is a widely used measure of a firm’s systematic risk, capturing its sensitivity to overall market fluctuations. Firms with higher Beta values are perceived to carry greater exposure to macroeconomic shocks and financial market volatility, making them riskier in the eyes of lenders (Beaver, Kettler, & Scholes, 1970; Bessler et al., 2008). As a result, such firms often face higher borrowing costs due to increased uncertainty over future cash flows and a higher likelihood of distress during downturns. In this context, green bond issuance may play a particularly important role for high-Beta firms, helping to offset perceived risk by signalling long-term strategic alignment with sustainability, regulatory trends, and risk mitigation.
This study posits that the cost-reducing effect of green bond issuance is stronger for firms with higher Beta, as lenders are more likely to value non-financial signals of environmental commitment when evaluating firms with greater market risk. For lower-Beta firms, which are inherently more stable and less exposed to systemic shocks, the incremental value of green bond issuance in lender decision-making may be more limited.
Empirical findings support this hypothesis. In Table 9, Column 7, representing firms with higher Beta, the coefficient on green bond issuance is -0.122, significant at the 5% level, indicating a meaningful reduction in bank loan costs. In contrast, Column 8, covering firms with lower Beta, shows a coefficient of -0.134, but it is not statistically significant, suggesting that green bond issuance does not significantly influence loan spreads for less volatile firms. These results imply that lenders place greater weight on sustainability-related signals when dealing with borrowers that carry higher market-driven risk.
The results demonstrate that systematic risk moderates the effectiveness of green bond issuance in reducing bank loan costs. For higher-Beta firms, green bond issuance appears to provide additional reassurance to lenders, signalling proactive risk management and long-term commitment to ESG principles. In contrast, for lower-risk firms, the informational value of green bond issuance is less pronounced, resulting in a diminished impact on loan pricing.
The chow tests F statistic is 41.73 and significant at the 1% (p<0.0001), confirming that the difference in the effect of green bond issuance between firms with higher and lower BETA is statistically significant. 
10.3.5. CEO duality
CEO duality, where the same individual serves as both the Chief Executive Officer and the Chair of the Board, is a widely debated governance feature. While it can improve leadership efficiency, it is often viewed as weakening board oversight and increasing managerial entrenchment (Brickley, Coles, & Jarrell, 1997; Fama & Jensen, 1983). Firms with CEO duality may face greater agency concerns, as the concentration of power can reduce checks and balances, leading to higher perceived risk among external stakeholders—including lenders. In such contexts, green bond issuance may serve as a particularly valuable signal, helping to offset governance concerns by demonstrating a firm's commitment to transparency, sustainability, and long-term risk management.
This study posits that the cost-reducing effect of green bond issuance is stronger for firms with CEO duality, where governance mechanisms may be viewed as weaker, and lenders place greater emphasis on external signals to assess borrower quality. In contrast, firms without CEO duality typically have more balanced governance structures, and green bond issuance may offer less incremental assurance to lenders.
Empirical evidence aligns with this expectation. As shown in Table 9, Column 9, representing firms with CEO duality, the coefficient for green bond issuance is -0.095, significant at the 10% level, indicating a modest but meaningful reduction in bank loan costs. By contrast, Column 10, covering firms without CEO duality, reports a coefficient of 0.024, which is not statistically significant, suggesting no observable effect. These results imply that lenders respond more favourably to green bond issuance when internal governance structures are perceived to be weaker, using it as a supplementary signal of firm reliability and sustainability intent.
These findings indicate that CEO duality moderates the signalling value of green bond issuance. For firms with concentrated leadership structures, green bond issuance helps reduce lender scepticism and improves borrowing terms. Conversely, in firms with more conventional governance arrangements, such signals provide less additional information and thus have a weaker impact on loan pricing.
The chow tests F statistic is 12.23 and significant at the 1% (p = 0.0005), confirming that the difference in the effect of green bond issuance between firms with and without CEO duality is statistically significant. 
10.3.6. Firm age
Firm age is often associated with organizational maturity, established reputation, and historical performance. Older firms typically benefit from stronger relationships with creditors, more extensive disclosure histories, and greater perceived stability, which can reduce information asymmetry and perceived lending risk (Ilhan et al., 2023; Yang & Zhao, 2014). In contrast, younger firms often face higher borrowing costs due to their limited track record, lower visibility, and heightened uncertainty (Ilhan et al., 2023). In such cases, green bond issuance may serve as a particularly valuable signal to lenders, demonstrating commitment to long-term sustainability, regulatory alignment, and strategic discipline (Yang & Zhao, 2014). 
Based on this reasoning, our study posits that the cost-reducing effect of green bond issuance is stronger for younger firms, where lenders are more likely to value additional information and external signals of firm quality. For older firms with already well-established credibility, green bond issuance may offer little incremental insight, and thus has a weaker influence on loan pricing.
Empirical findings support this hypothesis. In Table 9, Column 12, representing younger firms, the coefficient for green bond issuance is -0.547, statistically significant at the 5% level, indicating a substantial reduction in bank loan costs. In contrast, Column 11, covering older firms, shows a coefficient of 0.304, which is not statistically significant, suggesting no meaningful impact. These results suggest that lenders are particularly responsive to green bond issuance when dealing with younger, less established firms, as the issuance helps to alleviate concerns related to limited operational history and credibility.
Overall, the findings confirm that firm age moderates the signalling effectiveness of green bond issuance. For younger firms, green bonds serve as a critical tool to build trust and improve financing conditions in the face of greater lender uncertainty. Conversely, for older firms, the informational advantage provided by green bond issuance is less pronounced, resulting in a limited effect on borrowing costs.
The chow tests F statistic is 262.22 and significant at the 1% (p<0.0001), confirming that the difference in the effect of green bond issuance between older and younger firms is statistically significant. The relevant results could be found in Table 9.
[Insert Table A3 here]
This subsection examines how firm-level characteristics, such as pollution intensity, size, board independence, systematic risk, CEO duality, and firm age, influence the effectiveness of green bond issuance in reducing bank loan costs. The results consistently show that firms facing greater environmental, governance, or transparency-related risks, such as those that are highly polluting, have fewer independent board members, exhibit CEO duality, or demonstrate high systematic risk, tend to benefit more from green bond issuance. These firms are typically perceived by lenders as riskier or more opaque, which increases the value of credible external signals like green bonds in shaping risk assessments and improving financing terms.
Younger and smaller firms experience a stronger reduction in borrowing costs following green bond issuance. This is because such firms generally lack long-established credit histories, reputational capital, and visibility in financial markets. They are also more likely to face information asymmetry and higher perceived risk from lenders. In this context, green bond issuance serves as a powerful commitment signal, demonstrating not only environmental responsibility but also a firm’s willingness to adhere to rigorous standards of transparency and long-term strategy. By issuing green bonds, younger and smaller firms help close the credibility gap with lenders, which in turn leads to more favourable loan pricing.
The results suggest that the more uncertain or risky a firm is perceived to be, whether due to its size, age, governance structure, or industry exposure, the more impactful green bond issuance becomes in reducing bank loan costs. This highlights the importance of context when evaluating the financial benefits of green finance instruments and reinforces the role of green bonds as both a funding mechanism and a strategic signal in capital markets.



Table A1 Panel A Country-level subsample test 
This table presents that the results for all the subsample tests. Columns 1 and 2 present results in countries with lower and higher carbon emissions per capita. Columns 3 and 4 present results in countries with lower and higher economic policy uncertainty, respectively. Columns 5 and 6 shows results for countries with higher or lower market competition, respectively. Columns 7 and 8 present results in countries with lower and higher climate change performance, respectively. Significance levels are denoted by *, **, and ***, representing 10%, 5%, and 1%, respectively.
	
	1
	2
	3
	4
	5
	6

	
	Higher Carbon Emissions Per Capita
	Lower Carbon Emissions Per Capita
	Higher environmental Policy stringency
	Lower environmental Policy stringency 
	Higher economic Policy uncertainty
	Lower economic policy uncertainty

	
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread

	green bond issuance
	-0.344***
	0.105
	-0.004
	-0.656***
	-0.181
	-0.448**

	
	(0.090)
	(0.090)
	(0.088)
	(0.167)
	(0.386)
	(0.197)

	All controls
	
	
	
	
	
	

	Firm FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Adjusted R2
	0.7752
	0.7778
	0.7707
	0.7870
	0.3310
	0.3183

	Observations
	7241
	7060
	6959
	7317
	7124
	7284

	Chow tests
	20.85***
	34.41***
	4.43**

	Test statistic
	(0.0000)
	(0.0000)
	(0.0353)
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Table A1 Panel B Country-level subsample test Cont’d
	
	7
	8
	9
	10
	11
	12

	
	Higher competition HHI
	Lower competition HHI
	Higher climate change performance
	Lower climate change performance
	Environmental Mandated Disclosure
	Not Environmental Mandated Disclosure

	
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread

	green bond issuance
	-0.251
	-0.096*
	0.006
	-0.967***
	0.052
	-0.266**

	
	(0.264)
	(0.050)
	(0.072)
	(0.198)
	(0.110)
	(0.126)

	All controls
	
	
	
	
	
	

	Firm FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Adjusted R2
	0.7687
	0.7490
	0.7670
	0.8107
	0.7471
	0.7886

	Observations
	6593
	7737
	7780
	6580
	3339
	4630

	Chow test 
	40.58***
	23.77***
	46.24***

	Test statistics
	(0.0000)
	(0.0000)
	(0.0000)





Table A2 Panel A Loan-level subsample test
This table presents subgroup tests examining the differential impact of green bond issuance with different loan characteristics. Columns 1 and 2 assess whether the impact varies between loans with and without collateral (security) respectively. Columns 3 and 4 explore variations in impact between loans with shorter and longer maturity. Columns 5 and 6 explore variations in impact between loans with smaller and larger sizes. Levels of significance *, **, and *** are denoted at 10%, 5%, and 1%, respectively.
	
	1
	2
	3
	4
	5
	6

	
	Secured 
	Unsecured 
	With Financial covenant
	Without Financial covenant
	Higher loan ratings
	Lower loan ratings

	
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread

	green bond issuance
	-0.293***
	0.032
	-0.090*
	0.003
	0.204
	-0.281***

	
	(0.069)
	(0.061)
	(0.050)
	(0.142)
	(0.260)
	(0.068)

	All controls
	
	
	
	
	
	

	Firm FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Adjusted R2
	0.6569
	0.7618
	0.7696
	0.7104
	0.8111
	0.7526

	Observations
	6661
	6228
	7788
	6499
	6561
	7641

	Chow test
	41.52***
	7.46***
	14.76***

	Test statistic
	(0.0000)
	(0.0063)
	0.0001





Table A2 Panel B Loan-level subsample test Cont’d
	
	7
	8
	9
	10
	11
	12

	
	Green loan provider
	Non-Green loan provider
	Larger size
	Smaller size
	Longer maturity
	Shorter maturity

	
	Bank loan spread
	Bank loan spread
	Bank loan spread 
	Bank loan spread
	Bank loan spread
	Bank loan spread

	green bond issuance
	-0.149***
	-0.124
	0.087
	-0.141***
	-0.106
	-0.282*

	
	(0.048)
	(0.144)
	(0.091)
	(0.052)
	(0.066)
	(0.168)

	All controls
	
	
	
	
	
	

	Firm FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Adjusted R2
	0.7628
	0.7714
	0.7769
	0.7430
	0.7578
	0.4669

	Observations
	8123
	5954
	5944
	8168
	7261
	7083

	Chow test
	25.62***
	6.93***
	11.89***

	test statistic
	(0.0000)
	(0.0085)
	(0.0006)




Table A3 Panel A Firm-level subsample test
	This table presents subgroup tests examining the differential impact of green bond issuance in firms with different characteristics. Columns 1 and 2 assess whether the impact varies between firms with smaller and larger firm sizes respectively. Columns 3 and 4 investigate differences in impact between firms with lower and higher independent board member percentage. Columns 5 and 6 explore variations in impact between firms with lower and higher institutional ownership. Significance at the 10%, 5%, and 1% level is indicated by *, **, and ***, respectively.

	
	1
	2
	3
	4
	5
	6

	
	Highly polluting
	Non-Highly polluting
	Larger firms
	smaller firms
	Higher Independent board member
	Lower Independent board member

	
	Bank loan spread
	Bank loan spread 
	Bank loan spread
	Bank loan spread
	Bank loan spread 
	Bank loan spread

	green bond issuance
	-0.400***
	-0.306
	0.002
	-0.119**
	0.166
	-0.150**

	
	(0.140)
	(0.392)
	(0.011)
	(0.050)
	(0.181)
	(0.067)

	All controls
	
	
	
	
	
	

	Firm FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Adjusted R2
	0.7795
	0.7945
	0.7615
	0.7426
	0.7690
	0.7717

	Observations
	6464
	7828
	8783
	5737
	7800
	6531

	Chow test
	6.66***
	93.42***
	24.58***

	test statistic
	0.0099
	(0.0000)
	(0.0000)






Table A3 Panel B Firm-level subsample test Cont’d
	
	7
	8
	9
	10
	11
	12

	
	Higher BETA
	Lower BETA 
	CEO duality
	Non-CEO duality
	Older firms
	Younger firms

	
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread
	Bank loan spread

	green bond issuance
	-0.122**
	-0.134
	-0.095*
	0.024
	0.304
	-0.547**

	
	(0.048)
	(0.140)
	(0.056)
	(0.077)
	(0.350)
	(0.212)

	All controls
	
	
	
	
	
	

	Firm FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Adjusted R2
	0.7766
	0.7642
	0.7550
	0.7824
	0.7656
	0.7789

	Observations
	7894
	6406
	6852
	7460
	7243
	7235

	Chow test 
	41.73***
	12.23***
	262.22***

	Test statistic
	(0.0000)
	0.0005
	(0.0000)
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