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Long-Term Corporate Bonds, Credit Ratings, and Carbon Emissions

1. Executive Summary

This study examines whether carbon emissions influence the cost of debt in the Canadian
corporate bond market. Using a dataset of approximately 5,800 corporate bonds issued
between 2000 and 2025, the analysis explores how issuer-level CO, emissions, credit
ratings, bond maturity, and industry sector affect bond coupon rates, which serve as a
proxy for borrowing costs. The study applies ordinary least squares (OLS) regression and
ANOVA techniques to evaluate whether higher-emitting firms face higher financing costs or
lower credit ratings.

The results show that traditional financial risk factors, such as credit ratings and bond
maturity, are the strongest determinants of coupon rates. Firms with lower credit quality
and bonds with longer maturities consistently exhibit higher coupon rates. In contrast,
issuer-level carbon emissions have only a marginal, statistically insignificant effect on
borrowing costs once conventional financial variables are controlled for.

However, sectoral differences play a significant role. Carbon-intensive industries such as
Energy, Industrials, Materials, and Real Estate exhibit significantly higher coupon rates
compared to other sectors. This suggests that investors may incorporate environmental
risk indirectly through sector-level risk perceptions rather than through firm-specific
emissions metrics. When the sector variable is removed from the regression model, the
model's explanatory power drops substantially, indicating that industry classification
captures a large share of the variation in bond pricing.

These findings indicate that, during the sample period, carbon emissions are not yet
systematically priced at the firm level in Canadian bond markets. Instead, environmental
risk appears to be reflected primarily through traditional credit assessments and broad
sector risk characteristics. This may indicate that climate-related financial risks remain
partially mispriced or insufficiently differentiated across companies.

The results have implications for both policymakers and investors. Policymakers may need
to strengthen climate disclosure frameworks and develop standardized reporting
requirements to enable investors to better evaluate firm-level environmental risks. For
investors, the findings highlight the importance of integrating more granular climate
metrics, such as emissions intensity, transition strategies, and exposure to carbon pricing,
into credit risk analysis. As climate policies and disclosure standards evolve, financial
markets may increasingly incorporate firm-level environmental performance into debt
pricing.

Overall, the study contributes to the growing literature on sustainable finance by providing
evidence that the integration of climate risk into bond pricing remains incomplete,
suggesting significant potential for future developments in climate-informed financial
markets.
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2. Introduction

Climate change and sustainability have become increasingly important considerations in
financial markets. Investors, regulators, and companies are paying closer attention to how
environmental factors — particularly carbon emissions — may affect a firm’s risk and cost of
capital. In the bond market, this raises a key question: Do companies with higher carbon
emissions face higher debt costs or lower credit ratings than greener firms? This
question is significant because if climate-related risks are priced in by investors, it could
incentivize firms to reduce emissions to enjoy lower financing costs. Conversely, if carbon-
intensive companies do not incur a penalty in bond markets, it may indicate a gap in how

well markets incorporate long-term climate risks.

This research examines a dataset of corporate bonds to explore the relationship between
issuers’ carbon emissions, their credit ratings, and the interest rates (coupon rates) on their
bonds. We take a sector-wise approach, recognizing that industries differ greatly in their
typical emissions and risk profiles. By comparing sectors (e.g., Financials vs Energy) and
incorporating bond credit ratings into the analysis, we aim to determine whether there is
evidence of a “carbon premium”, i.e., higher borrowing costs for more polluting firms, and

how it intersects with traditional credit risk measures.

Originality and Significance: This study contributes to the emerging literature on climate risk
in credit markets by using recent bond data across multiple sectors. While prior research
has examined equity markets and overall firm cost of capital, fewer studies provide a
detailed breakdown by sector and credit rating in a bond-specific context. Our analysis will
shed light on whether bond investors are factoring in environmental performance (such as
CO2 emissions) when pricing corporate debt, and, if so, to what extent. This has significant
implications: if carbon-intensive firms consistently have to pay higher interest, it suggests
market discipline that could reinforce climate policy goals. On the other hand, if no such
pattern is found, it could indicate a need for better integration of climate considerations (by
investors or rating agencies) or perhaps highlight that current market pricing is still driven

mostly by traditional financial metrics.
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In the following sections, we outline the research question and objectives, review relevant
literature on ESG (Environmental, Social, Governance) factors and bond markets, describe
our methodology and data, present the analysis and results, and discuss their
implications. The report concludes with a summary of findings, limitations, and suggestions
for future research. Throughout, we ensure that each aspect of the research — from data
collection to interpretation — addresses the evaluation criteria: originality, clear research

objectives, appropriate methodology, thorough analysis, and proper referencing.

2. Research Question and Objectives

Research Question: To what extent do carbon emissions and industry sector
characteristics influence corporate bond credit ratings and coupon rates (cost of debt)? In
particular, we ask whether higher-emitting companies tend to have (a) lower credit ratings
and/or (b) higher bond yields (coupon rates), and how these relationships vary across

different sectors of the economy.
From this primary question, we derive several specific objectives:

1. Examine Sectoral Emissions Profiles: Determine the distribution of CO, emissions
across sectors represented in the bond dataset. Identify which sectors (e.g., Energy,
Materials, Industrials, Financials, etc.) are associated with higher total emissions,

and which are relatively low, to provide context for sector-wise risk exposure.

2. Compare Sectoral Bond Characteristics: For each sector, analyze key bond
metrics — typical credit ratings, average coupon rates, and other relevant data. This
will show how sectors differin creditrisk and financing costs. For example, we expect
sectors such as Energy or Materials (often carbon-intensive) to have lower average

credit ratings or higher yields than sectors such as Financials or Technology.

3. Investigate Link Between Emissions and Credit Ratings: Test whether firms with
high carbon emissions tend to have poorer credit ratings. This addresses if rating

agencies and investors perceive high emitters as riskier. We will look at the credit
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ratings (S&P issuer ratings in our data) across companies with varying emission
levels. The objective is to see if there is an inverse relationship (higher emissions >

lower rating), controlling for sector where possible.

4. Analyze Link Between Emissions and Bond Yields: Assess whether higher
emissions are associated with higher bond yields or coupon rates. The coupon rate
on a bond (especially at issuance) reflects the cost of debt for the issuer. We will
analyze correlations and conduct regression analysis to assess whether bonds
issued by high-emission firms have higher interest rates, after accounting for credit
rating and other factors. This addresses whether there is a direct “carbon penalty” in

the cost of debt.

5. Incorporate Credit Ratings into Analysis: Because credit ratings summarize overall
credit risk, including potential ESG factors, we will incorporate bond ratings into our
yield analysis. One objective is to distinguish whether any observed yield differential
for high emitters is simply due to lower credit ratings (i.e., traditional credit risk), or if
emissions have an independent effect. We will examine yield differences within the

same rating categories and include ratings as a controlin regression analysis.

6. Provide Discussion and Interpretation: Interpret the results in light of theory and
prior studies. If we find, for example, that high-emission companies do pay more, we
will discuss whether this is due to investor-required risk premium for
climate/regulatory risks. If we do not find a significant effect, we’ll explore reasons
(e.g., markets might not yet fully price climate risk, or rating agencies might already
embed these risks). We will also consider how recent developments (such as the
growth of green bonds, changes in investor behavior, or rating agency

methodologies) align with our findings.

Collectively, these objectives aim to answer the central question and provide a
comprehensive picture of how sector, credit rating, and carbon emissions interact in

determining corporate bond financing costs. The goal is to contribute insights that are both
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academically interesting and practically relevant for investors and policymakers concerned

with sustainable finance.

3. Literature Review

There is a growing body of literature exploring the intersection of ESG factors — especially
environmental performance —with corporate finance outcomes. Here we review keyfindings
from prior research that inform our study, focusing on two main areas: (1) the impact of
environmental performance (such as carbon emissions or climate risk exposure) on credit
ratings and bond yields, and (2) how these effects might differ across markets or over time,

including the role of green bonds and evolving practices of credit rating agencies.

Carbon Emissions, Credit Ratings, and Yield Spreads: Recent research suggests that
firms’ environmental profiles are indeed reflected in credit risk assessments and borrowing
costs. Seltzer, Starks, and Zhu (2025) find that companies with higher carbon emissions or
lower environmental scores tend to have lower credit ratings and higher bond yield
spreads on average. In other words, more carbon-intensive firms are generally assigned
worse credit ratings and must pay a premium in the bond market, indicating that climate-
related risk factors are being priced in. This result echoes similar findings in equity markets
where “brown” (high-emission) firms have higher expected stock returns (i.e., are penalized
with a higher cost of equity) as compensation for climate risk. The effect on bond markets
can be attributed to both physical risks (future losses from climate change) and regulatory
or transition risks (costs imposed by carbon regulation or the shift to a low-carbon
economy). Notably, the same study finds that the penalty for high emissions is more
pronounced in jurisdictions or periods with stricter environmental regulations,
suggesting the regulatory environment is a key moderator. This highlights that as climate
policies strengthen, investors and rating agencies place even greater weight on carbon

exposure in evaluating credit risk.

However, the evidence is not entirely one-sided. Kim and Pouget (2025) examine global

corporate bonds and report a nuanced finding: in the primary market (at issuance), bonds of
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high-emission firms did not pay significantly higher spreads than those of low-emission
firms, but in the secondary market, high-emission firms’ bonds traded at higher spreads.
They interpret this as indicating that underwriters and issuers might not fully price climate
concerns into the initial coupon (perhaps due to uncertainty or issuer incentives), but that
once the bonds trade, investors demand a discount (i.e., a higher yield) for carbon-intensive
issuers. Their conclusion was that, on average, carbon emissions had little effect on the cost
of capital atissuance, thereby dampening firms’ financial incentives to decarbonize. This
contrasts with the aforementioned study and suggests that the pricing of carbon risk may
have evolved over time or may differ by market segment. One possible reason for the
differenceis timing—much of Kim and Pouget’s sample predates the recent surge ininvestor
focus on climate issues. Indeed, they found that the “carbon premium” began to manifest
more strongly in recent years or under certain market conditions (e.g., when reputable
underwriting banks were involved, which could promote the incorporation of climate

factors).

ESG Scores and Cost of Debt: Beyond carbon emissions alone, broader ESG ratings have
been studied for theirimpact on bond performance. A number of studies (e.g., on European
corporate bonds and U.S. markets) have found that better ESG scores are associated with
alower cost of debt. Forinstance, one study reported that high ESG performance reduced
bond yield at issuance by around 0.10% (10 basis points), all else equal. The rationale is
that strong ESG performers are viewed by investors as lower risk or more future-proof,
thereby requiring a smaller risk premium. This ESG-related reduction in yield —while modest
in magnitude — has been documented in multiple markets, especially in recent years as
sustainable investing gained traction. On the flip side, firms with poor ESG profiles may face
higher yields or stricter covenants, reflecting investor concern over potential ESG-related
risks (such as environmental liabilities, reputational damage, or governance failures). It’s
important to note that some of these correlations might be indirect; for example, companies
with good ESG scores might also be larger, more stable firms (which naturally get better

rates). Researchers typically attempt to control for firm size, sector, leverage, and other
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factors, yet still find an independent ESG effect on spreads (though the magnitude varies by

study).

Green Bonds and the “Greenium”: The advent of green bonds - debt instruments
earmarked for environmental projects — provides another perspective on how climate
factors affect bond markets. If investors truly value sustainability, one would expect green
bonds to enjoy higher demand, thus lowering their yields relative to comparable
conventional bonds. Indeed, evidence for a “greenium” (green premium) has emerged. A
2022 Federal Reserve study of global corporate bonds found that, on average, green bonds’
yield spreads atissuance were about 8 basis points lower than those of equivalent non-
green bonds. This indicates investors are willing to accept slightly lower returns to hold
green bonds, effectively giving issuers a small cost advantage for environmentally beneficial
financing. The greenium became evident in recent years (post-2019) as the sustainable
investing industry grew substantially. However, the greenium is typically small (several basis
points) and concentrated in certain cases — for example, it has been more pronounced for
large investment-grade issuers (often banks and utilities in developed markets), where
demand from ESG-focused funds is high. The existence of a greenium implies a mirrorimage
for “brown” bonds: investors might demand a slightly higher yield to hold non-green bonds,
especially if the issuer is carbon-intensive. That said, not all studies find a significant
greenium in every context; some report that green bonds trade at similar or even higher

yields if investors doubt the credibility of the green label (“greenwashing” concerns).

Moreover, green bond labels have not necessarily translated into low-emissionissuers.
Ehlers et al. (BIS, 2020) pointed out that many companies issuing green bonds do not have
comparatively lower carbon footprints at the firm level — a green bond finances specific
projects, but the overall firm might still be high-emitting. They propose a firm-level carbon
intensity rating to supplement bond-level green labels, so that investors can easily identify
if an issuer is truly on a low-carbon trajectory. This underscores that while green bonds are
a positive innovation, investors still need to consider the issuer’s total emissions and

climate strategy —which is exactly the focus of our research question.
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Credit Rating Agencies and ESG: Credit ratings are a crucial intermediary in bond markets,
distilling information about default risk into letter grades. The major rating agencies (S&P,
Moody’s, Fitch) have all stated that they incorporate ESG factors into ratings when those
factors are material to creditrisk. Forinstance, if a company’s carbon transition risk is high
(e.g., an oil company facing potential asset write-downs or regulatory costs), the agencies
claim this will be reflected in a lower rating or a negative outlook. However, they have
generally avoided assigning separate “ESG scores” in their official credit ratings to date. S&P
Global experimented with publishing ESG credit indicator scores (an alphanumeric 1-to-5
scale of howE, S, and G issues influenced a rating) startingin 2021, but in 2023 it decided to
remove these scores from its reports[3]. S&P explained that they found traditional narrative
analysis more effective at conveying ESG impacts on credit and emphasized that material
ESG factors remain fully integrated into the credit rating process. In other words, S&P
dropping the standalone ESG scores does not mean ESG is ignored; it means they prefer to
discuss such factors qualitatively within the rating rationale rather than via a separate
numeric label. This move came amid some confusion and political pushback regarding ESG
in finance[5]. The key point is that rating agencies acknowledge that many ESG issues
(especially governance and, increasingly, environmental risks) can affect default
probability, but the effects may be indirect or long-term. Empirical studies (such as those
cited earlier) showing a correlation between emissions and ratings support the idea that
ratings are indeed sensitive to climate risk — whether by design or simply because high
emitters often have other riskier attributes. Our analysis will contribute to this discussion by
examining how ratings in our dataset correlate with emissions and whetherincluding ratings

as a variable accounts for most of the variation in bond yields related to emissions.

In summary, prior literature provides a framework for our expectations: firms with worse
environmental metrics (higher emissions or lower ESG scores) tend to face slightly
higher debt costs and/or lower credit ratings, although results can vary by timeframe
and methodology. There is evidence of a small but growing investor preference for greener
assets (manifested as the greenium) and a corresponding aversion to high-carbon

exposures in bond portfolios. Our study will test these relationships on a fresh dataset with

10
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a sector-wise lens. By doing so, we also touch on how concentrated these effects might be
in certain industries (for example, whether the “carbon penalty” inyields is an energy-sector
phenomenon or more widespread). This literature review thus sets the stage for formulating

our methodology and comparing our findings with established research conclusions.

4. Methodology

We conducted an empirical analysis using a dataset of 5801 corporate bonds obtained from
Bloomberg. These bonds span the period 2000-2025 and are primarily issued by Canadian
companies (fixed-rate corporate bonds). Each bond entry includes the issuer’s annual CO,
emissions (total), the S&P credit rating of the issuer, and the bond’s coupon rate and

maturity (years to maturity at issuance).
The sector distribution of the data is presented in Table 1.

Table 1: Sector distribution

Sector Frequency

Financials 5153
Energy 164
Industrials 103
Real Estate 86
Materials 71
Consumer Staples 64
Utilities 53
Communication Services 50
Consumer Discretionary 27
Information Technology 24
Health Care 4
Total 5799

Since bond frequency in the financial sector is by far the highest and might bias the analysis,

we conducted our analyses both with and without the financial sector.

For our statistical approach, we employed ordinary least squares (OLS) multiple regression

and analyses of variance (ANOVAs) to quantify how carbon emissions, credit risk, and

11
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maturity relate to bond coupon rates (our proxy for the cost of debt). The dependentvariable
in the regression is the bond’s coupon rate (%) at issuance. The key independent variables

are:

e CO, Emissions (Total): The issuer’s total annual carbon emissions (in metric tons).
This is an issuer-level environmental metric. We entered this as a numeric predictor

to test whether higher emissions are associated with higher borrowing costs.

e Credit Rating: The S&P issuer credit rating for each bond’s issuer, included as an
ordinal numeric variable. We mapped the ratings to a numerical scale reflecting
credit quality (with higher numbers indicating lower credit quality). For example, in
our coding scheme, an AA-rated issuer is assigned a lower numeric value than a BBB-
rated issuer. This allows us to incorporate credit risk into the regression. All bonds —
including those lacking an official rating —were accounted for in this variable (unrated
issuers were assigned a placeholder value so that no observations were dropped).

This ensures that credit risk is controlled for across the full sample.

e Maturity: The bond’s term to maturity (in years) at the time of issuance. This control
variable captures the term-structure effect, as longer-term bonds typically have
yields that differ from those of short-term bonds. We calculated each bond’s

maturity in years based on the provided offering and maturity dates.

e Sector: The sector the issuing company is in. Sectors are Communication Services,
Energy, Financials, Health Care, Industrials, Information Technology, Materials, Real
Estate, and Utilities. The sector was used because the fossil fuel industry is not
necessarily among the highest-emitting industries, depending on the type of

emissions (Scopes 1, 2, and 3).

We specified the following linear regression model:

12
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Coupon Rate; = B, + B,(CO, Emissions,) + ,(Credit Rating,) + f3(Maturity,)

+ B,(Sector;) + ¢,

forbond/. This model allows us toisolate the impact of CO, emissions onthe bond’s coupon
rate while controlling for the issuer’s credit rating, the bond’s maturity, and the sector. In
otherwords, it addresses whether carbon emissions have an independent effect on the cost

of debt after accounting for the usual determinants of yield (credit quality and term length).

6. Results

First, we present the correlation matrix of all variables in the regression function in Table 2.

Table 2: Correlation Matrix (*: p <0.05)

Rating CO, Coupon Rate
CO, 0.2187*
Coupon Rate 0.0966* 0.0759*
Maturity 0.1742* 0.2129* -0.0308

Interestingly, the maturity and the coupon rate do not correlate significantly. All other

variables correlate positively and significantly.

Next, we calculated a regression with the coupon rate as the dependent variable and the
rating, CO, emissions, duration, and sector as independent variables, excluding the
financial sector because of its high frequency and its tendency to influence regression
diagnostics, such as heteroskedasticity and variance inflation. The regression is significant

(p <0.00001) and has a medium adjusted r2=0.15.

The results for the single coefficients in the model are presented in Table 3. The results show
that the rating and the maturity significantly affect the coupon rate. The CO; emissions have
a marginally significant (not significant) impact. In addition, the sector is significant. The

sectors Energy, Industrials, Materials, and Real Estate contribute to higher coupon rates.

13
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Table 3: Regression coefficients

Coupon Rate Coefficient Significance
Rating 0.154097 <0.00001
Maturity 0.0231297 <0.00001
C0O2in 1000t -0.0000197 0.082
Sector

Consumer Discretionary 0.0051517 0.989
Consumer Staples 0.3039527 0.318
Energy 1.255475 <0.00001
Health Care 1.275958 0.125
Industrials 0.8604112 0.002
Information Technology -0.1850398 0.638
Materials 0.9551838 0.001
Real Estate 1.137641 0.001
Utilities 0.3510028 0.264
Constant 3.2572 <0.00001

To compare the impact of CO, emissions vs. the sector, we ran two regressions, excluding
CO, emissions and sectors, respectively. Since CO, emissions are not significant,
removing them does not materially affect the regression. Removing the sector reduces the
explained variance to an adjusted r?> = 0.016. With this value, the regression explains only

1.6% of the variance in the coupon rate.

In addition, we conducted an analysis for the energy sector. Though the regression analysis
is significant (p < 0.00001), CO, emissions do not have a significant impact on the coupon

rate in the energy industry. However, the impact of maturity and ratings is significant.

Since the adjusted r? without sectors is lower than without CO, emissions, we assume that
the sector impact is higher than the CO, emissions impact. However, there are significant
differences among the sectors in their emissions (ANOVA, p <0.00001) as Figure 1

demonstrates.

14
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Figure 1: Total CO, emissions by sector
The following

Figure 2 presents the coupon rates by sector (p <.00001)
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Figure 2: Coupon rate by sector

From the figures, we can see that the Energy, Industrials, Materials, and Utilities sectors

have higher emissions than the others.
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7. Discussion

The results provide several insights into the relationship between corporate carbon
emissions and the cost of debt in the Canadian corporate bond market. Overall, the
findings suggest that traditional financial risk factors, particularly credit ratings and bond
maturity, remain the primary determinants of coupon rates, while issuer-level carbon

emissions play only a limited role in explaining borrowing costs.

First, the strong and highly significant relationship between credit ratings and coupon rates
confirms established financial theory. Bonds issued by firms with lower credit quality
(higher numerical rating values in the model) carry higher coupon rates, reflecting
investors’ compensation for increased default risk. Similarly, bond maturity shows a
significant positive relationship with coupon rates, indicating that longer-term bonds tend
to offer higher yields to compensate investors for interest rate risk and uncertainty over
longer horizons. These findings validate the dataset's robustness and confirm that the

model captures the conventional drivers of debt pricing.

In contrast, the effect of CO, emissions is only marginally significant and economically
very small. This result suggests that, within the sample period (2000-2025), carbon
intensity does not appear to be strongly priced in the Canadian corporate bond market
once traditional financial variables are controlled for. One possible explanation is that
investors may not yet fully integrate environmental risk into credit pricing, particularly
when emissions are measured at the aggregate-issuer level rather than using more
detailed metrics such as carbon intensity, transition-risk exposure, or forward-looking
decarbonization strategies. Another explanation may be that carbon risk is already
indirectly reflected in sector classifications, regulatory exposure, or credit ratings, thereby

reducing the observable independent effect of emissions.

The strong role of sector effects supports this interpretation. The regression results show
that certain sectors, particularly Energy, Industrials, and Materials, are associated with

significantly higher coupon rates. These sectors are also among the most emission-

16
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intensive industries, as illustrated in the ANOVA results and sectoral emission
comparisons. The fact that removing the sector variable dramatically reduces the model's
explanatory power indicates that sector affiliation captures a substantial share of the
variation in borrowing costs. This suggests that investors may be pricing environmental risk

at the industry level rather than at the firm-specific emissions level.

The additional regression focusing on the energy sector reinforces this interpretation. Even
within one of the most carbon-intensive industries, issuer-level emissions do not
significantly affect coupon rates once credit ratings and maturity are controlled for. This
may indicate that investors treat firms within the sector relatively similarly with respect to
environmentalrisk, or that the market assumes broadly comparable transition risks across

energy companies.

Taken together, the results suggest that environmental risks are not yet directly priced
through firm-level carbon emissions in the Canadian bond market. Instead, the pricing
mechanism appears to operate primarily through sectoral risk perceptions and
conventional credit risk assessments. This finding is consistent with parts of the
sustainable finance literature that argue that climate risks are only partially reflected in
financial markets and that pricing mechanisms are still evolving as disclosure standards,

regulatory frameworks, and investor expectations develop.

From a policy and market perspective, these results may indicate that improvements in
climate-related disclosure and more granular carbon metrics could strengthen the
integration of environmental risks into debt pricing. Frameworks such as climate-related
financial disclosures, transition taxonomies, and sustainable finance regulations could
contribute to more precise pricing of carbon-related risks at the issuer level rather than

through broad sector classifications.

The results should be interpreted with caution. The analysis relies on total CO, emissions
as a proxy for environmental performance, which may not fully capture firms’ climate
transition strategies, emissions intensity relative to production, or exposure to regulatory

changes. Furthermore, the relatively moderate explanatory power of the regression

17
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suggests that other factors, such as firm size, leverage, market conditions, or investor
preferences, may also influence coupon rates. Future research could expand the analysis
by incorporating additional climate metrics (e.g., emissions intensity, Scope 3 emissions,
transition targets) and by examining how climate-related pricing evolves as sustainable

finance regulations and disclosure frameworks mature.

Overall, the findings highlight that while environmental considerations are increasingly
discussed in financial markets, their direct incorporation into debt pricing remains limited
and may currently operate primarily through sector-level risk perceptions rather than firm-

specific carbon emissions

8. Implications for Policymakers

The findings suggest that carbon emissions are not yet strongly reflected in corporate bond
pricing once traditional financial variables are controlled for. This indicates that climate-
related financial risks may not be fully internalized in capital markets. For policymakers,
this has two main implications. First, stronger and more standardized climate disclosure
frameworks may be necessary to improve the transparency and comparability of firm-level
environmental data. Without consistent reporting on emissions, transition strategies, and
climate risks, investors may rely primarily on sector classifications rather than on detailed,
company-specific environmental performance. Second, regulatory initiatives such as
sustainable finance taxonomies, climate-related disclosure requirements, and transition
planning frameworks could help financial markets better differentiate between firms with
high transition risks and those actively reducing their emissions. Such measures could

improve risk pricing and support the reallocation of capital toward lower-carbon activities.

9. Implications for Investors

For investors, the results suggest that environmental risk is currently reflected more
strongly at the sector level than at the firm level. This may imply that investors are pricing

transition risks broadly across industries rather than distinguishing among companies with

18
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different emissions profiles within the same sector. As climate regulation tightens and
carbon pricing mechanisms expand, this approach may underestimate firm-specific
transition risks. Investors may therefore benefit from incorporating more granular climate
metrics, such as emissions intensity, decarbonization targets, and exposure to carbon
pricing, into their credit risk assessments. Doing so could improve risk management and

enable investors to identify firms better positioned for the low-carbon transition.

In addition, the limited pricing of carbon emissions observed in this study may signal a
potential climate risk mispricing in debt markets. If transition policies, technological shifts,
or physical climate risks accelerate, bonds issued by high-emission firms could face
sudden repricing. Investors who integrate climate-related factors earlier may therefore
gain a strategic advantage by identifying long-term risks that are not yet fully reflected in

market prices.

Overall, the results suggest that while climate considerations are increasingly part of
financial discourse, their systematic integration into debt pricing remains incomplete.
Strengthening disclosure frameworks and improving investor analysis of firm-level
environmental performance could play a key role in ensuring that climate-related risks are

more accurately reflected in capital markets.
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