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Abstract
This thesis uses OLS methodology to investigate the relationship between yields and

transparency on green bonds. Transparency is divided into three categories: Self-labeled

green bonds following the voluntary GBP framework, CBI aligned green bonds following

CBI taxonomy with external verification and CBI certified green bonds following the CBI

framework with mandatory external verification by the independent body Climate Bonds

Standards Board. The dependent variable is monthly alternate yields between 2016 and 2022

of 1728 EU corporate green bonds with fixed coupons. Our findings suggest that CBI

certified green bonds have 14 BPS lower yields than CBI aligned green bonds, which in turn

have 16 BPS lower yields than self-labeled green bonds. These findings are consistent when

controlling for currency, issued amount, issue price and remaining maturity. Our study

contributes to green bond literature from a green finance perspective. When investors are

willing to accept lower yields for increased transparency to avoid greenwashing risks,

corporations have the possibility to get cheaper financing through being transparent which

implies a potential of reducing the information asymmetry in the market. If information

asymmetry is reduced, the green bond market has the possibility to grow into an important

tool for investments in sustainable infrastructure which is crucial in order to reach the 1.5

degrees target in the Paris Agreement.

Keywords: corporate green bonds, yield, transparency, information asymmetry, CBI aligned,

CBI certified, self-labeled.



Acknowledgement
This study is a master degree project in Accounting and Financial Management at the School

of Business, Economics and Law at the University of Gothenburg. We would like to thank

our supervisor Kevin Cullinane for his valuable input during the writing process, as well as

our co-students who read the thesis and identified areas of improvement during the seminars.



Table of Contents

1. Introduction 1
1.1 Background 1
1.2 Green Bond Frameworks 2

1.2.1 The Green Bond Principles 3
1.2.2 The Climate Bonds Initiative 3
1.2.3 Climate Bond Taxonomy 4

1.3 Purpose of the study and problem statement 5
1.4 Disposition 6

2. Literature review 7
2.1 Green bond premium (greenium) 7
2.2 Green bond transparency 9
2.3 Hypothesis development 10

3. Data and methodology 12
3.1 Data collection 12

3.1.1 Description of the data sample 16
3.1.2 Independent and control variables 16
3.1.3 Descriptive statistics 17
3.1.4 Correlations 20

3.2 Research design 20
3.3 Methodological Considerations 22

3.3.1 Errors have zero mean 23
3.3.2 Homoscedasticity 23
3.3.3 Autocorrelation 23
3.3.4 Endogeneity 25
3.3.5 Normality of the errors 26

4. Results 28
4.1 Two-sample t-tests 28
4.2 OLS Regression 29
4.3 Robustness checks 30

5. Discussion 34
5.1 Findings 34
5.2 Information asymmetry and transparency in the green bond market 35
5.3 Green bonds and portfolio theory 36
5.4 Green bonds as a key tool for financing green projects 37

6. Conclusion 39
References 41



1. Introduction
1.1 Background

Since 1880, the earth's surface temperature has increased by 0.08 degrees Celsius per decade,

with a twice as big increase of 0.18 degrees Celsius per decade since 1981 (Lindsey &

Dahlman, 2022). The United Nations together agreed in the Paris Agreement in 2015 on what

commitments are required to reach a temperature increase of maximum 1.5 degrees compared

to pre-industrial levels. This agreement is legally binding, with 194 parties having joined it so

far (United Nations, n.d.). Despite this, we are currently on pace of creating a temperature

increase of 3 degrees Celsius by 2100 (IPCC, 2018). It is also expected that 6.3 trillion USD

investments in sustainable infrastructure will be required before 2030 to reach these global

needs for development (OECD, 2017). In this transition, during the last decade green bonds

have emerged as a way for companies and governments to get financing for these kinds of

investments.

The definition of a green bond is according to ICMA (2021): “any type of bond instrument

where the proceeds will be exclusively applied to finance or re-finance, in part or in full, new

and/or existing eligible Green Projects” (p. 03). Green projects are, for example, related to

renewable energy, pollution reduction, energy efficiency, climate change adoption and green

buildings (ICMA, 2021). The first green bond was issued in 2008 and since then, they have

increased rapidly in amount and are expected to reach one trillion USD by 2030 (Fatin,

2019). However, even though the growth of the green bond market is rapid, the share of green

bonds in the global bond market is still less than one percent (Reboredo, 2018; Baulkaran,

2019).

According to the development history of green bonds, peak growth occurred between 2013

and 2016, when the market grew by 710% (Baulkaran, 2019). The cause of this development

was that corporations started to enter the green bond market, which is referred to as the

"Green Bond Boom" (Baulkaran, 2019; Wang et al., 2020; Flammer, 2021). The first publicly

traded corporate green bond was issued in France in November 2013 with an issued amount

of 1.4 billion euros, a 2.25% coupon and 7.5 years to maturity. Shortly after this, one of the

publicly listed US firms announced the first US corporate green bond (Baulkaran, 2019). The

green bond issuers are financial firms (financial institutions) and non-financial firms

1



(corporates), governments, and sovereigns (Jankovic et al., 2022). In addition, special market

segments for green bonds exist in some big stock exchanges such as Luxembourg, London

and Oslo, to support the growth of the green bond market (Reboredo, 2018).

From the investors’ perspective, they are aware that green financing is morally beneficial

following the potential positive eco-impact, while it is still reasonable from an economic

aspect (Hyun et al., 2020). Thus, the green bond might be considered a win-win financial

instrument that impacts sustainable development and reputational improvement for ethical

investors and/or green-mandated investors (Hyun et al., 2020; Liaw, 2020). Furthermore,

Larcker and Watts (2020) also highlight that green bonds are valuable from more than a

financial perspective and that investors can acquire societal benefits from them. Thus,

investors might want to invest their money in green bonds even if they expect future returns

with lower repayment (Partridge and Medda, 2020). Liaw (2020) also highlights the

advantage that green bonds can benefit investors through enabling them to diversify their

asset portfolios. Similarly, Han and Li (2022) explain that green bonds are attractive for

investors because of long-term stable investments supporting sustainable projects. Moreover,

they highlight portfolio optimization and state that green bonds play an important role in

portfolio diversification for investors' investment performance. The reason is that green

bonds have a strong correlation with conventional bonds in an investment portfolio, but a

weak linkage with stock markets. The portfolio risk is calculated from the variance of the

whole portfolio return and allocating green bonds can therefore decrease portfolio volatility

as well.

1.2 Green Bond Frameworks

Baulkaran (2019) points out that policies, standards, and regulations for green bonds will

need to be developed to enable growth of the green bond market. The major reason to force

standardization is to unify the green bond market globally (Talbot, 2017). One other crucial

reason is that green certification and third-party verification have a big role in reducing

information asymmetry for investors and give credible guarantees for green projects (Liaw,

2020). We will go through three widely used frameworks that are used to label and certify

green bonds, being the Green Bonds Principles, the Climate Bond Initiative and the Climate

Bond Taxonomy. These categories will further be used to categorize green bonds in this

thesis.
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1.2.1 The Green Bond Principles

In 2014, the International Capital Markets Association (ICMA) announced the first voluntary

guidelines for green bonds, consisting of a framework called the Green Bond Principles

(GBP), set by 13 banks (Baulkaran, 2019; Reboredo, 2018). Since then, the GBP has been

updated frequently, with the last version dated to June 2021. The GBP framework consists of

four different components: Use of proceeds referring to the fact that the proceeds should be

used for projects that can be categorized into one or several predefined categories in the

framework, Process for Project Evaluation and Selection implying that the issuer should

explain how the project fits within the chosen category, Management of Proceeds where the

issuer should clearly separate the funds to enable tracking, and reporting annually of the

different projects and their progress. Lastly, the framework also highlights the importance of

external verification to ensure that the green bond is aligned with the four components of the

GBP. This could be through hiring consultants or from institutions with expertise in the field.

It is also suggested that either a second party opinion, verification, certification and/or green

bond scoring/rating can increase the transparency of the green bond, but this is however only

voluntary and not mandatory (ICMA, 2021).

1.2.2 The Climate Bonds Initiative

Apart from the GBP, another guiding framework for green bonds is the Climate Bonds

Initiative (CBI), which is an international organization working for allocating global capital

towards green investments (CBI, 2019). The CBI demonstrates a framework for

climate/green bonds which is the Climate Bonds Standard and Certification Scheme

(CBSCS). The framework considers credible funds as well as proceeds of green bonds,

similar to the GBP. Despite the similarities between the GBP and the CBI, the CBI is leaning

more towards supporting climate-focused projects such as reducing carbon emissions (Talbot,

2017). Hence, the CBI has a big role in drawing criteria for sector-specific green bond

standards such as low carbon emission projects. Another major difference is that the CBI

provides independent certification of green bonds set by the Climate Bonds Standards Board,

which is an independent board responsible for overseeing implementation and monitoring

CBI certified green bonds. This certification includes the fact that the green bond is fully

aligned with the green bond principles. However, it also specifies that the issuing firms

should fulfill requirements for internal controls and that the financed assets should be

consistent with the goals of the Paris agreement. CBI certification is important for investors
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as they do not have to make subjective judgements while screening investments, which

hopefully leads to well-informed investment decisions while reducing information

asymmetry. From the issuer's perspective, CBI certification signals to the market that their

projects and assets are aligned with what research has shown to be necessary for reaching the

goals of the Paris agreement (CBI, 2019).

There are some additional aspects that issuers must fulfill to get CBI certification. First, there

are sector eligibility criteria stating which projects and assets are eligible for different sectors.

Technical working groups and industry working groups are responsible for keeping the

criteria up-to-date, while approved verifiers give independent assurance that the issuers are

aligned with the criteria. The framework also requires yearly reporting of three aspects;

allocation reporting confirming that the proceeds are used for the right projects, eligibility

reporting confirming that the projects or assets are eligible under the framework and impact

reporting, including metrics or indicators that show the impact of the projects or assets. This

last aspect is however only encouraged, but not mandatory. Getting CBI certification also

consists of both pre-issuance and post-issuance verification, to ensure that the green bond

fulfills the requirements not only prior to their issuance, but also during its lifetime. Both

pre-issuance and post-issuance consist of the components Use of proceeds, Process for

evaluation and selection of projects & assets, Management of proceeds, and reporting, with

some slight differences between them. Corporates are the main targets of the CBI, but the

framework applies to other issuers as well (CBI, 2019).

1.2.3 Climate Bond Taxonomy

Apart from CBI certified green bonds, there is also a CBI aligned green bond classification

that follows Climate Bond Taxonomy (CBI, 2021). According to the CBI green bond

methodology (CBI, 2018), CBI aligned green bonds apply less rigorous criteria than CBI

certified green bonds. One aspect of this is that CBI aligned green bonds do not need to be

allowed by the CBI board and need to match only the criteria of CBI taxonomy. Another

reason is that the external reviewers of CBI-aligned green bonds do not have to be

exclusively approved verifiers of the CBI. Furthermore, the methodology highlights that

aligning the GBP framework does not fully meet CBI standards and the CBI taxonomy,

because of the sector-specific climate criteria of green projects. In particular, any fossil fuel

projects are excluded, such as clean coal transportation. Issuers set the label consciously and

report clear disclosures that inform how green projects meet the green bond framework.
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1.3 Purpose of the study and problem statement

One important aspect that prevents the green bond market from growing is the presence of

information asymmetry. Moreover, as explained by Baulkaran (2019), investors want to know

where the proceeds of green bonds are allocated and insist upon having information as well

as variable projects. Despite this, green bonds have sometimes received criticism for being

used by companies for financing projects that they would have done regardless so that they

can use internal funding for less green projects. Namely, information asymmetry has a direct

link with reputation and a risk of greenwashing. Greenwashing becomes present when issuers

use green bonds to finance projects that are claimed to be sustainable, but in reality might

have negligible or sometimes even negative environmental impact (Hyun et al., 2022).

The presence of information asymmetry and the risk of greenwashing creates a demand for

control mechanisms to ensure that the funds are used for their initial purpose (Hachenberg &

Schiereck, 2018). If forcing control mechanisms are missing, there will be a risk that issuers

do the bare minimum since being transparent entails costs, for example related to disclosure,

measurement and reporting. These costs will however be higher for first-time and infrequent

issuers, while the marginal costs will decrease for companies that issue green bonds more

often, which suggests that issuers will also gain from being more transparent in the long run

(Hyun et al., 2022). The control mechanisms to increase transparency could be compatible

standards, regulations and policies that increase investor confidence in investing their money

in green projects (Talbot, 2017). These are currently lacking, because rules, policies and

standards tend to follow at a slower pace in fast-growing markets such as the green bond

market (Jankovic et al., 2022). It is therefore a challenge to assure that the proceeds from

green bonds will be used for its initial purpose and not for greenwashing. This challenge

mainly lies with quantifying the environmental impacts of the projects financed, as the

demand for transparency is crucial for investors in order to know what projects their

investments will finance (Hyun et al., 2022). Even though some mechanisms and standards

have started to emerge, there is still a lack of research on how transparency influences the

different aspects of green bonds.

The aim of this study is to investigate green bond transparency and to determine how it

impacts green bond behavior in terms of yields. Investigating the relationship between

transparency and yields has a crucial role in further green bond development, and is
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especially important for issuers to get green labels and certificates. Increased transparency

will lower the risk of greenwashing and investors might accept a lower premium for this risk

reduction (Hyun et al., 2022). Similarly to Jankovic et al. (2022), we expect that green bond

transparency has an effect on yield where higher transparency results in lower yields. In our

study, transparency is divided into three different categories; CBI certified green bonds, CBI

aligned green bonds and self-labeled green bonds. We expect that the yields will be the

lowest for CBI certified green bonds, followed by CBI aligned green bonds and lastly the

highest for self-labeled green bonds. Through showing evidence for this, our study would

play a role in promoting green financing by showing that firms can decrease their cost of

capital from being more transparent regarding green projects. This would in turn encourage

them to get external verification to align their green bonds with the CBI framework. It would

also be beneficial from a portfolio theory perspective, as it would enable investors to

diversify their portfolios through including long-term sustainable investments based on

transparency levels. For the green bond market as such, it would imply that increased

transparency can help reduce information asymmetry. This would mean a possibility for the

market to grow, which is of importance in order to reach the 6.3 trillion dollars of required

investment in sustainable infrastructure prior to 2030, to in turn be able to reach the

1.5-degree target in the Paris agreement (OECD, 2017).

Based on our problematization and aim, we address the following research question:

Does transparency have an influence on green bond yields?

1.4 Disposition

The remainder of this study is structured as follows: Chapter 2 contains a literature review

where we present previous literature on green bonds followed by hypothesis development.

Chapter 3 includes a description of our data and the methodology we use to check our

hypotheses. In Chapter 4, our results are presented along with robustness checks. Chapter 5

contains answers to our research question, together with a discussion, while Chapter 6

concludes with our findings, implications and suggestions for future research.
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2. Literature review

In this chapter, empirical and theoretical articles from previous green bond research are

presented and used to build a conceptual framework. Moreover, according to the literature

review and the research question, three hypotheses are developed to provide a focus for the

empirical work conducted within the study.

2.1 Green bond premium (greenium)

Even before the green bond boom, a link between environmental performance management

and cost of capital could be observed, as environmental risk management was shown to lead

to lower costs of capital (Sharfman & Fernando, 2008). Oikonomou et al. (2014) also showed

that better Corporate Social Responsibility performance was rewarded with lower yields on

bonds, higher credit quality and lower credit risk. Since the introduction of green bonds as a

tool to finance green projects, the majority of the body of research has revolved around

investigating whether or not the green premium, also denoted as the ‘greenium’, exists. This

is defined as the difference in yield between a green bond and a conventional plain vanilla

bond with the same characteristics, often by the same issuer where matching methods are

used to find green bonds and conventional bonds with similar characteristics. The greenium

can either be negative, meaning that the green bond has a lower yield compared to the

conventional bond, or positive meaning the opposite relationship. A negative greenium

implies a discount on green bonds, which means that investors are accepting a lower yield in

return for a more sustainable investment. Zerbib (2017) is the most cited work in the

greenium literature and one of the first to test if a greenium exists. In his sample of 135

Investment Grade senior bullet fixed-rate green bonds, he found an average negative

greenium of -8 Basis Points (BPS), meaning that investors accept lower yields for green

bonds compared to their conventional counterparts. He could also show that the greenium

was different depending on currency, amount issued and credit rating. Further, in a later work

with a new sample, Zerbib (2019) could show a negative greenium of -2 BPS on average with

a stronger greenium for financial and low-rated bonds. Since Zerbib (2017), the findings on

the greenium have been mixed and sometimes contradictory. This is most likely due to

sample differences in terms of time periods, geographic areas and currencies (Liaw, 2020).

Similar to Zerbib (2017), Ehlers & Packers (2017) found a negative greenium of -18 BPS,

with a greater greenium for risky borrowers. Nanayakkara & Colombage (2019) found a

negative greenium of -63 BPS in their global sample while Löffler et al. (2021) found a
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negative greenium of -15 to -20 BPS on both the secondary and the primary market with a

stronger negative greenium in the later years of their sample. Preclaw & Bakshi (2015) found

a negative greenium of -17 BPS after controlling for a liquidity premium, credit risk and

investment length. Kapraun and Sheins (2019) found a negative greenium of -20 to -30 BPS,

which varied over time and was weaker for credible entities and larger currencies, while it

was stronger for the secondary market and for governments and supranational organizations

compared to corporates. Gianfrate & Peri (2019) found that in their sample of 120 EU green

bonds between 2013 and 2017, there was a negative greenium even after considering

increased costs of issuing green bonds related to monitoring and third-party verification.

Their findings also suggest that the greenium is stronger for corporate issuers compared to

institutional issuers.

Although the research showing a negative premium is extensive, there are papers that reached

other conclusions. Hachenberg & Shierek (2018) could not find any evidence for a greenium

among their entire aggregated sample. However, they could conclude that conventional bonds

and green bonds are in fact priced differently. The difference could be explained by

Environmental Social and Governance (ESG) ratings and credit ratings, where yield

differences were observed for A rated bonds but not for AA and BBB rated bonds. It was also

shown that government related green bonds actually had higher yields than their conventional

counterparts, while the relationship was opposite for financial bonds. Fatica et al. (2021)

could show that a negative greenium does not exist for financial institutions, but for

supranational and non-financial institutions. The reasons behind this were perceived to be

information asymmetry and the risk of greenwashing, which applies especially to financial

institutions who heavily rely upon internal information. Bachelet et al. (2019) found a

positive greenium for private issuers and a negative greenium for institutional issuers. The

explanation behind this is that institutional issuers are more credible and that more third-party

verifications would be needed for private issuers to gain the same legitimacy, as it was shown

that third party verifications had a significant negative relationship with the yield on green

bonds from private issuers. Karpf & Mandel (2018) discovered that in the US municipal bond

market, there was previously a positive premium for green bonds which turned negative in

the later years of their sample indicating that investors have started to value the green label

during recent years. It was also found that the yield spread between green bonds and

conventional bonds became higher for longer maturities, suggesting that sustainability is less

risky in the long run. Agliardi & Agliardi (2021) made an effort in explaining the greenium
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and why contradictory findings exist, by explaining that if the correlation of the financed

project and the firm’s core business is high, the greenium will be more strongly negative. If

the correlation is low and the project is a separate activity related to sustainability, the

negative greenium will be weaker and might even reverse its sign. It was also shown that a

clearer link between the sustainable project and the core business of the firm leads to greater

creditworthiness.

2.2 Green bond transparency

In addition to distinguishing between the yields of conventional and green bonds, previous

research has also highlighted the need for new standards, regulations and policies to increase

green bond transparency. As already mentioned, the GBP framework (ICMA, 2021) has

stated recommendations to increase green bond transparency. However, these are only

voluntary and might therefore be adopted in different ways and to different magnitudes.

Baulkaran (2019) highlights that regulations tend to emerge as the market for a new security

grows, but that findings showing that the shareholders value sustainable investments are

necessary to show that new policies and regulations are needed. Deschryver & de Mariz

(2020) also highlights the lack of regulations, policies and standards along with uncertainty

among issuers of the financial benefit of green bonds, the lack of benchmarks and a lack of

diversified supply, as the main barriers holding back the growth of the green bond market.

Banga (2019) observes this problem as a vital institutional barrier and concludes that the

unclear guidelines and standards of reporting and proceeds increases the risk of using green

bonds for greenwashing purposes.

In accordance with the need for clearer and homogenized regulations, standards and policies,

some efforts have been made in previous literature to categorize green bonds based on

transparency and/or certifications, and examine differences in behavior and characteristics. Li

et al. (2020) identified certified green bonds as “bonds whose proceeds are earmarked for

financing new and existing projects that have specific environmental benefits.” (p. 2682).

They showed that certified green bonds had lower yield spreads compared to uncertified

green bonds. Flammer (2021) defined a green bond as certified when its proceeds are

monitored by a third party to ensure that they are used to finance environmentally friendly

projects. She used this distinction when investigating stock market reactions to green bonds

issuance announcements and found that the stock market reacts more positively to the

issuance of certified green bonds than uncertified green bonds. Pham (2016) instead divided
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green bonds into labeled and unlabeled when she examined the risk and return behavior of

the green bond market by investigating volatility. She defined a green bond as labeled when it

was clearly stipulated what project the issuance of the green bond will finance. She found that

there was more volatility clustering for labeled green bonds compared to unlabeled green

bonds, meaning that volatility patterns are often present for longer periods. Hyun et al. (2020)

differentiated self-labeled green bonds, third-party verified green bonds and CBI aligned

green bonds and compared the greenium. They found no significant greenium for the entire

sample, but externally reviewed green bonds and CBI certified green bonds enjoyed a 6 BPS

and 15 BPS discount respectively. This suggests that investors value these certifications in

their investment decisions, as suggested by Bachelet et al. (2019). Further, Jankovic et al.

(2022) categorized green bonds as either transparent or untransparent. Transparent means that

the proceeds of the green bond are dedicated to one concrete project, while the proceeds from

an untransparent green bond are either decided later where they should be invested or used to

finance several undefined projects. They found that transparency had a negative relationship

with bond yields, which suggests that green bonds which are invested in a pre-defined project

have lower yields. Similar to Hyun et al. (2020) and Bachelet et al. (2019), this suggests that

investors value transparency on how the proceeds will be used in the future.

2.3 Hypothesis development

The main focus of previous research has been on the greenium, with different and sometimes

contradictory results. Further, some efforts have also been made to differentiate green bonds

based on transparency. Due to the lack of official standards, regulations and policies,

investors tend to accept green bond labels and certifications. This makes green bond

standards become approved globally as credible transparent greenness information (Hyun et

al., 2020). During the issuing process, adding transparency means providing a confidence

guarantee for investors and Liaw (2020) explains that green certification is the accepted tool

to boost transparency. Hyun et al. (2020) suggests that green bonds having third party

verification enjoy a discount of 6 BPS, while CBI certified bonds have a 15 BPS discount.

This suggests that if green bonds have a certificate and an independent reviewer, investors are

more confident to invest their money in green projects. The investigation of greenness

information shows that investors require more independent parties' information which

enhances transparency quality and reduces information asymmetry. Moreover, Liaw (2020)
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illustrates one crucial result, that external parties' green mandate and CBI certification impact

yield reduction.

In our sample, the highest level of transparency is CBI certification which requires following

the CBI framework and reviews from only credible parties approved by the CBI. Meanwhile,

the category CBI alignment, which are green bonds following Climate bond taxonomy,

requires external reviews but not necessarily from CBI approved parties. The last category of

self-labeled green bonds follows the voluntary framework GBP with no mandatory

requirement for external verifications, which is assumed to be the lowest level of

transparency. In table 1, the three different types of green bonds with their corresponding key

characteristics are summarized.

Transparency
level

Framework External reviewer Label/
Certification

Assumption of level
of transparency

Self-labeled GBP guidelines Suggested, voluntary Green label The lowest level
CBI aligned CBI taxanomy Mandatory Green label The medium level
CBI certified CBI framework Mandatory, only approved

verifiers of CBI
Certification The highest level

Table 1. Green bond types and their corresponding key characteristics.

According to the categorization in table 1, the CBI certified green bonds are more transparent

compared to the CBI aligned green bonds, which in turn are more transparent than the

self-labeled GBP aligned green bonds, which we expect will result in yield differences.

Investigating how green bond standards and transparent information impact yield, especially

the different effects of the CBI framework and the GBP framework, would shed light on

further green bond development and help to understand the role of greenness information. To

our knowledge, no empirical articles have previously investigated how three different levels

of transparency from three different frameworks impact yields differently. For example, some

literature has concentrated more on the yield differences between green and conventional

bonds, rather than comparing green bonds between each other. Since we expect that the levels

of transparency have an impact on yields for green bonds, our three hypotheses are:

H1: CBI certified green bonds have lower yields than self-labeled GBP aligned green bonds.

H2: CBI aligned green bonds have lower yields than self-labeled GBP aligned green bonds.

H3: CBI certified green bonds have lower yields than CBI aligned green bonds.
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3. Data and methodology

The data and methodology chapter is structured to provide information on data management,

and the chosen research design in the study. First, the data collection method and descriptives

of the data set are computed. Furthermore, the framework of the research method is provided

and the models for testing our hypotheses are defined. At the end of the chapter,

methodological considerations are discussed.

3.1 Data collection

The main data source is Refinitiv Eikon, which is also used in some previous literature on

green bonds such as Jankovic et al. (2022) and Löffler et al. (2021). Refinitv Eikon has a new

financial solution called "the Green Bond Guide" that provides global green bond

information. To test our hypotheses, we use green bond yields as our dependent variable and

transparency data in terms of certification types as our main independent variables.

Regarding other control variables, we collect green bond issuance amount, issue price and

maturity similar to Jankovic et al. (2022).

We filter the green bonds to both active and inactive EU corporate green bonds with issue

dates between 2016-01-01 and 2022-12-31. The reason for choosing EU green bonds is that

this segment is the most developed as it leads the global green bond market by representing a

total of 57% of all issuances in 2022 which can be observed in table 2. It is also advantageous

to use only one geographic area in order to avoid geographic differences (Jankovic et al.,

2022), which are not of interest in this study. Furthermore, table 2 exhibits also the green

bond markets' issuance information including numbers of issuance and issued amounts

between the years 2016-2022. In the European corporate green bond market, the total number

of issues is 2752 and the total issued amount is 684 billion USD which takes 58 percent of the

whole European green bond market.

The reason for choosing only corporate green bonds is that previous research has shown that

there exist differences depending on the issuers being corporates, financial institutions,

governments or supranational organizations (Fatica et al., 2019; Bachelet et al., 2019;

Gianfrate & Peri, 2019). Similar to the case with geographic areas, differences between types

of issuers are not of interest for the scope of this study.
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Green
Bond
Markets

Market
information 2016 2017 2018 2019 2020 2021 2022 Total

The Global
market

Number of issuances 258 455 545 954 1207 2106 1759 7284

Issued amount 91.0 148.9 148.8 269.3 273.4 590.0 515.3 2,037

The
European
market

Number of issuances 119 181 224 407 616 960 793 3300

Market share 46% 40% 41% 43% 51% 46% 45% 45%

Issued amount 37.0 89.0 79.9 150.9 160.9 353.9 298.5 1,170

Market share 41% 60% 54% 56% 59% 60% 58% 57%

The
European
Corporate
market

Number of issuances 81 136 174 315 513 828 705 2752

Market share in global 31% 30% 32% 33% 43% 39% 40% 38%

Market share in EU 68% 75% 78% 77% 83% 86% 89% 83%

Issued amount 20.9 37.0 42.5 89.0 97.7 189.0 207.6 684

Market share in global 23% 25% 29% 33% 36% 32% 40% 34%

Market share in EU 57% 42% 53% 59% 61% 53% 70% 58%

Table 2. Green Bond issuance by billion USD. Source. Refinitiv Eikon, Green Bond Guide.

Further, we only include Fixed Coupon Rates similar to previous research in the field. For

example, Liaw (2020) mentions that some index calculations are based on fixed coupons,

such as Bank of America and Bloomberg green bond indices. Moreover, Larcker and Watts

(2020); Zerbib, (2017); Li et al. (2020) all use fixed coupon green bonds in their research.

The reason is that the fixed coupon type is stable for the whole period and other coupon types

have unique characters and behaviors. After this filtering, the data sample includes 1728 EU

corporate green bonds.

When the data is collected, some general statistics of our sample are illustrated in table 3.

First, it can be observed that our total sample consists of green bonds issued in 26 different

currencies. The largest fraction is Euro, with 62.04% of the sample which represents 1072

green bonds and 90 048 bond month observations. This is followed by Swedish Krona with

10.53%, 182 green bonds and 15 288 bond month observations, and U.S. Dollar with 9.95%,

172 green bonds and 14 448 bond month observations.

13



Currencies Freq. Percent Cum.
Australian Dollar 11 0.64 0.64
Brazilian Real 4 0.23 0.87
Canadian Dollar 2 0.12 0.98
Chinese Yuan 4 0.23 1.22
Czech Koruna 4 0.23 1.45
Euro 1072 62.04 63.48
Great Britain Pound 59 3.41 66.90
Hong Kong Dollar 12 0.69 67.59
Hungarian Forint 13 0.75 68.34
Icelandic Krona 2 0.12 68.46
Indian Rupee 9 0.52 68.98
Japanese Yen 15 0.87 69.85
Mexican Peso 2 0.12 69.97
New Zealand Dollar 1 0.06 70.02
Norwegian Krone 62 3.59 73.61
Polish Zloty 1 0.06 73.67
Romanian Leu 5 0.29 73.96
Russian Ruble 2 0.12 74.07
South African Rand 2 0.12 74.19
Sri Lankan Rupee 1 0.06 74.25
Swedish Krona 182 10.53 84.78
Swiss Franc 75 4.34 89.12
Taiwan Dollar 5 0.29 89.41
Turkish Lira 10 0.58 89.99
U.S Dollar 172 9.95 99.94
Vietnamese Dong 1 0.06 100.00
Total 1728 100.00
Table 3. The currencies of the issued green bonds.

The GBP framework consists of different categorizations of use of proceeds. Our final

sample includes 29 different uses of proceeds which can be observed in table 4. Clean

Transport (28.94%, 500 green bonds and 42 000 bond month observations), Energy

Efficiency (27.89%, 482 green bonds and 40 488 bond month observations), Climate Change

Adaptation (11.75%, 203 green bonds and 17 052 bond month observations) and Green

Construction/Buildings (11.28%, 195 green bonds and 16 380 bond month observations) are

the four largest categories. Together, these four represent 80% of our total sample.
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Use of Proceeds Freq. Percent Cum.
Not Specified 6 0.35 0.35
Access to Essential Services 3 0.17 0.52
Acquisition 3 0.17 0.69
Alternative Energy 20 1.16 1.85
Aquatic Biodiversity Conservation 5 0.29 2.14
Carbon reduction through reforestation and avoided
deforestation

2 0.12 2.26

China Urban Construction 2 0.12 2.37
Circular Economy Adapted/ Eco-efficient Products,
Production Technologies/ Processes

34 1.97 4.34

Clean Transport 500 28.94 33.28
Climate Change Adaptation 203 11.75 45.02
Eligible Green Projects 139 8.04 53.07
Energy Efficiency 482 27.89 80.96
Environmental Protection Projects 8 0.46 81.42
Environmentally Sustainable Products 1 0.06 81.48
Equipment Upgrade/ Construction 1 0.06 81.54
General Purpose 23 1.33 82.87
General Purpose/ Refinance 2 0.12 82.99
Green Construction/ Buildings 195 11.28 94.27
Higher Education 1 0.06 94.33
Infrastructure 1 0.06 94.39
Land Preservation 1 0.06 94.44
Other 4 0.23 94.68
Other Housing 4 0.23 94.91
Pollution Prevention & Control 13 0.75 95.66
Refinance/ Financing expenses 2 0.12 95.78
Renewable Energy Projects 63 3.65 99.42
Solar projects 1 0.06 99.48
Sustainable Management of Land Use 1 0.06 99.54
Sustainable Water or Wastewater management 6 0.35 99.88
Water & Sewer 2 0.12 100.00
Total 1728 100.00
Table 4. The use of green bonds’ proceeds.

Lastly, descriptives of the three different green bond types are computed in table 5. In our

sample, the majority of the green bonds are CBI aligned (79.63%, 1376 green bonds and 115

584 bond month observations), while 17.07% (295 green bonds and 24 780 bond month

observations) are self-labeled green bonds and 3.3% (57 green bonds and 4 788 bond month

observations) are CBI certified.

Transparency levels Freq. Percent Cum.
CBI aligned 1376 79.63 79.63
CBI certified 57 3.30 82.93
self labeled 295 17.07 100.00
Total 1728 100.00
Table 5. Green bonds’ certification types.
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3.1.1 Description of the data sample

The dependent variable that will be used is the monthly alternate yields provided by Refinitiv

Eikon. These are defined as end-of-day redemption yield values which are available from

2011 and onwards. The redemption yield is equivalent to yield to maturity, being the yield

anticipated if the security is held until its maturity. This is calculated through deriving the

present value of all the future interest or coupon payments and putting them in relation to the

current price of the bond (Investopedia, 2022).

3.1.2 Independent and control variables

The transparency variables, which are the main independent variables of interest, are dummy

variables that take the value of 1 if the green bond follows into the respective category, and 0

otherwise. The categorization of transparency is based on the labeling of green bonds

provided by Refinitiv Eikon. There are three different categories that a green bond can belong

to, in accordance with table 1: self-labeled green bond is the lowest level of transparency.

These bonds follow the GBP framework, but external verification is not mandatory but only

voluntary through second-party opinion from credit ratings or audit firms. CBI aligned green

bonds are aligned with the CBI taxonomy, but they lack an approved external certification by

the CBS board in accordance with the framework. CBI certified green bonds have the highest

level of transparency, as they are certified according to the CBI framework by the CBS board.

These categorizations of transparency are similar to categorizations in previous literature (Li

et al., 2020; Flammer, 2021; Liaw, 2020; Hyun et al., 2020; Jankovic et al., 2022). However,

none of these have categorized transparency into three different levels in relation to the CBI

framework, the GBP framework and CBI taxonomy and examined how yield differs between

them. The presence of only two transparency categories is for example mentioned as a

limitation and a suggestion for development in future research by Jankovic et al. (2022),

which is fulfilled in this study through introducing three categories instead of only two.

According to our three hypotheses, we expect that yield will differ between self-labeled green

bonds, CBI aligned green bonds and CBI certified green bonds, in descending order.

Issue price is included as a control variable, being the price of the green bond at its issuance.

Jankovic et al. (2022) and several other previous studies on green bond yields use this

variable as a control. It is expected that the issue price has a negative relationship with green

bond yields, as a higher green bond price given a fixed coupon will result in lower yields.
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Even though monthly prices are available through Refinitiv Eikon’s database, these are not

used in our model since the yields are partly determined by the price, which will lead to

strong correlations between price and yield. When monthly prices are included, they will take

over the model and abnormally drive up the R2. Meanwhile, we will lose effects of our

transparency variables as the price constitutes too large a proportion of the explanatory

power. The issue prices are expressed in euro.

Issued Amount is used as another control variable. This is suggested by Zerbib (2017) and

used in several greenium works after his, along with green bond transparency research (Hyun

et al., 2020; Jankovic et al., 2022). The issued amount is provided in euro by Refinitiv Eikon,

but is adjusted to millions of euros in our sample for scaling purposes.

Similar to the issued amount, remaining maturity is also widely used in both greenium

research and green bond transparency research. This variable is obtained on a monthly basis,

in a format of the amount of years left to maturity. Similarly to what Jankovic et al. (2022)

could show, it is expected that remaining maturity has a positive effect on green bond yields.

The rationale for this is that yields should be higher when there is an unclear link between the

green bond issuance and the financed project (Fatica et al., 2021). When the remaining

maturity is higher, there is a greater probability that decisions on where to allocate the funds

will be made in the future which is a source of risk according to economic rationale.

Currency is included in the model as a control. There are typically two approaches used in

previous research to handle different currencies. The first one, for example used by Jankovic

et al. (2022), is using a sample including green bonds issued in only one currency. The other

option is to use currency as a control, which is done by Hyun et al. (2020) and Zerbib (2017).

We choose the second approach, where the regressions are run by creating temporary dummy

variables for each currency. Euro is used as the reference currency in our regressions, as it has

the largest number of observations. Thus, the coefficient for each respective currency will

denote the difference in yield between that currency and euro, holding all other variables

constant.

3.1.3 Descriptive statistics

For the analysis, the variables in the statistics software are named yield, CBIaligned,

CBIcertified, selflabeled, maturity, IssuedAmountEUm and issueprice. First, descriptive
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statistics are computed in table 6 with the number of observations, mean, min and max

values, 1st and 99th percentiles values, skewness and kurtosis. The reason for having

dissimilar numbers of observations, especially for yield and maturity, is that the green bonds

in the chosen sample are issued in different periods. Therefore, yields and remaining

maturities will only take on values when each green bond is active, which in turn leads to

many missing values on a monthly format.

For the transparency variables CBIaligned, CBIcertified, and selflabeled, the mean results

indicate how large the share is for each transparency level in our sample, which are the same

as those computed in table 5.

Furthermore, concerning the percentiles in the distribution, extreme differences are exhibited

between some variables' respective maximum values and 99th percentiles as well as between

their minimum values and the 1st percentiles. For example, we can observe that our variable

yield has a value of -0.37% at the 1st percentile, while it has a min value of -6.5%. It has a

value at the 99th percentile of 18.36%, while it has a mean value of 108.9% and a max value

of 135 000%. These are not reasonable numbers and it is obvious that we have outliers in

both ends of the distribution that significantly stand out from the rest of the observations.

Additionally, high values of kurtosis and skewness, which explain frequency distribution

curves for each variable, can also be observed for several variables. For instance, yield and

issueprice illustrate leptokurtic distributions having high kurtosis of 1267.36 and 559.33

respectively, which means the distribution curves are more peaked than a normal distribution.

Similarly, high positive skewness can be observed at 35.1 for yield and 23.5 for issueprice,

which means that they are right-skewed rather than symmetrical. Further, almost all variables

have high kurtosis, skewness, and extreme values. It can also be observed that maturity

includes values that are 999, which is used by Refinitiv for perpetual bonds. Such extreme

values can affect the distribution of the model and must be adjusted in order to improve the

research quality and remove errors.
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Variables Obs Mean Std.dev. Min Max p1 p99 Skew. Kurt.
yield 30555 108.91 3410.414 -6.489 135000 -.368 18.362 35.106 1267.359
CBIaligned 145152 .796 .403 0 1 0 1 -1.471 3.165
CBIcertified 145152 .033 .179 0 1 0 1 5.23 28.35
selflabeled 145152 .171 .376 0 1 0 1 1.75 4.063
maturity 34284 12.925 81.156 0 999 .336 30.562 12.033 146.224
IssuedAmountEUm 145152 289.237 310.401 .005 1850 .733 1250 1.186 4.132
issueprice 143976 101.298 37.799 4.4 1000 97.466 102.76 23.508 559.334
Table 6. Descriptive statistics before winsorizing and centering.

Given these issues, we winsorize our variables yield, maturity, issueprice and issuedamount

on the 2.5th and 97.5th percentiles. Following the winsorization, the variables are named

variablename_w25.

Further, to correctly interpret the coefficients for our dummy variables, a method denoted as

centering is used for manipulating our continuous independent variables. This is done

through subtracting the mean of each respective variable from each observation on that

variable, resulting in a zero mean for all variables. This is done to minimize multicollinearity

issues and to get a correct and interpretable intercept for our model (Goldstein, n.d.). The

centering is done after the winsorization and our final manipulated variables are named

c_variablename_w25.

Table 7 shows the descriptive statistics after winsorizing and centering. Skewness and

kurtosis show more reasonable values and the standard deviation of yield is changed from

3410.4 to 2.1. Moreover, the average yield goes from 108.9% to 2.13% with a max value of

8.9% as we have removed the extreme outliers bumping up the mean. The highest value of

maturity is now 13, which implies that the issue with perpetual bonds has been successfully

addressed. The three continuous independent variables have a mean of zero following the

centering process, as well as more reasonable skewness and kurtosis figures.

Variables Obs Mean Std.dev. Min Max p1 p99 Skew. Kurt.
yield w25 30555 2.13 2.122 -.207 8.895 -.207 8.895 1.362 4.575
CBIaligned 145152 .796 .403 0 1 0 1 -1.471 3.165
CBIcertified 145152 .033 .179 0 1 0 1 5.23 28.35
selflabeled 145152 .171 .376 0 1 0 1 1.75 4.063
C maturity w25 34284 0 3.88 -5.467 13.023 -5.467 13.023 1.321 5.19
C IssuedAmountEUm-25 145152 0 294.172 -281.035 715.965 -281.035 715.965 .894 2.681
C issueprice w25 143976 0 .505 -1.481 1.737 -1.481 1.737 .112 7.43
Table 7. Descriptive statistics after winsorizing.
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3.1.4 Correlations

Further on, we test pairwise correlations in table 8. The only strong correlation that can be

observed is between the CBIaligned and selflabeled dummy variables, with a -0.9 correlation.

However, this is expected as the value for selflabeled will be 0 when the value of CBIaligned

is 1, and vice versa. Other than this, no strong correlations can be observed, which implies

that our model would not suffer from multicollinearity.

Variables (1) (2) (3) (4) (5) (6) (7)
(1) yield w25 1.000
(2) CBIaligned -0.025 1.000
(3) CBIcertified -0.023 -0.365 1.000
(4) selflabeled 0.047 -0.897 -0.084 1.000
(5) C maturity w25 0.066 -0.022 -0.075 0.079 1.000
(6) C IssuedAmountEUm-25 -0.095 -0.004 0.179 -0.080 0.075 1.000
(7) C issueprice w25 -0.015 -0.011 0.007 0.008 -0.143 -0.037 1.000
Table 8. Pairwise correlations of the variables.

3.2 Research design

We are interested in defining the difference in yield depending on our different certification

variables, similar to the approach of Jankovic et al. (2022) with their transparency variable.

Here, we will be able to observe differences in our dependent variable which will be the

yield, depending on if the green bond is self-labeled, CBI aligned or CBI certified. The

dependent variable will be monthly alternate yields and the control variables will be those

explained in 3.1.2. The model is stated as following:

𝑦𝑖𝑒𝑙𝑑
𝑖𝑡 

=  α +  β
1

• 𝐶𝐵𝐼𝑐𝑒𝑟𝑡𝑖𝑓𝑖𝑒𝑑
𝑖𝑡 

+ β
2

• 𝐶𝐵𝐼𝑎𝑙𝑖𝑔𝑛𝑒𝑑
𝑖𝑡

+ β
3

• 𝑖𝑠𝑠𝑢𝑒𝑑𝑎𝑚𝑜𝑢𝑛𝑡
𝑖𝑡

+  

(1)β
4

• 𝑖𝑠𝑠𝑢𝑒𝑝𝑟𝑖𝑐𝑒
𝑖𝑡

+ β
5

• 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔𝑚𝑎𝑡𝑢𝑟𝑖𝑡𝑦
𝑖𝑡

 + β
6

• 𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑦
𝑖𝑡

+ ε
𝑖𝑡

where i = 1,..., m is the number of groups and t=1,..., it is the number of periods in group i.

For analyzing our model, separate regressions are run excluding one category of transparency

respectively. Thus, the coefficient for the transparency variables included in each model will

denote the difference in yield between that group and the reference group, which is the

transparency level not included in the model. The variable we believe will have a negative

relationship with yields in the first model are the CBI certified and CBI aligned variables

respectively, according to our first two hypotheses:
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H1: CBI certified green bonds have lower yields than self-labeled GBP Aligned Green

Bonds.

H2: CBI aligned green bonds have lower yields than self-labeled GBP Aligned Green Bonds.

We also believe that there is a difference in yield between CBI certified and CBI aligned

green bonds, where the CBI certified green bonds have lower yields compared to CBI aligned

green bonds according to our third hypothesis:

H3: CBI certified green bonds have lower yields than CBI aligned green bonds. Our third

hypothesis will be tested using the following model:

𝑦𝑖𝑒𝑙𝑑
𝑖𝑡 

=  α +  β
1

• 𝐶𝐵𝐼𝑐𝑒𝑟𝑡𝑖𝑓𝑖𝑒𝑑
𝑖𝑡 

+ β
2

• 𝑠𝑒𝑙𝑓𝑙𝑎𝑏𝑒𝑙𝑒𝑑
𝑖𝑡

+ β
3

• 𝑖𝑠𝑠𝑢𝑒𝑑𝑎𝑚𝑜𝑢𝑛𝑡
𝑖𝑡

+  

(2)β
4

• 𝑖𝑠𝑠𝑢𝑒𝑝𝑟𝑖𝑐𝑒
𝑖𝑡

+ β
5

• 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔𝑚𝑎𝑡𝑢𝑟𝑖𝑡𝑦
𝑖𝑡

+  β
6

• 𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑦
𝑖𝑡

+ ε
𝑖𝑡

where the coefficient and significance for CBI certified will define whether or not there is a

difference in yield between CBI certified and CBI aligned green bonds.

The model is estimated using pooled Ordinary Least Squares (OLS) for our panel data. This

means that we fit a line through our observations where the squared residuals are minimized.

The reason why an OLS method is used rather than using a fixed effect or a random effects

approach is that we are not interested in either fixed effects over time or between entities (in

this case green bonds) nor effects that include random disturbances. Instead, we are interested

in how the yields across our entire sample depend on the level of transparency. OLS is also

the best option since the transparency variables that we are interpreting have the same value

throughout the whole time period for every given green bond. For example, if green bond i is

CBI aligned, it will have the value of 1 for the variable CBIaligned and 0 for the variables

selflabeled and CBIcertified throughout all the 84 months of the sample. When running a

fixed effects model in the statistical software, these variables are therefore omitted as they

have the same value for each green bond throughout the entire time period. Random effects

are however accepted with this structure of data, and will be run and compared with the OLS

results in section 4.3 Robustness Checks. Further, the reason for running OLS with monthly

yields is to get a broader set of data with more observations.
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Using OLS implies certain requirements of the data and its distribution. The following five

assumptions about the disturbance terms computed in table 9 should hold to justify the use of

OLS. If they do not hold and are ignored, there is a risk that the coefficients and standard

errors are biased or/and inconsistent. These will be tested in section 3.3 Methodological

Considerations.

Technical Notation Interpretation
(1) 𝐸(𝑢

𝑡
) =  0 The errors have a mean of zero.

(2) 𝑉𝑎𝑟(𝑢
𝑡
) = σ2

﹤∞ The variance of the errors is constant and finite over all values of 𝑥
𝑡

(3) 𝐶𝑜𝑣 (𝑢
𝑖 
, 𝑢

𝑗
) = 0 The errors are uncorrelated with each other.

(4) 𝐶𝑜𝑣 (𝑢
𝑡
 , 𝑥

𝑡
) = 0 No relationship between the errors and the corresponding x variate.

(5) 𝑢
𝑡
 ∼ 𝑁(0,  σ2) The errors are normally distributed.

Table 9. The five assumptions of the disturbance terms. Source. Brooks (2019).

3.3 Methodological Considerations

Before investigating the five assumptions that must hold for OLS, a variance inflation factor

(VIF) test is run to test the suitability of our independent variables and check for

multicollinearity. The VIF for the different currencies is computed as the average of all the

individual currencies, which ranged between 1 and 1.38. Given that our VIF values in table

10 are not less than 1 or more than 5, we have a moderate correlation between our

independent variables (Statology, 2020). Thus, our model does not suffer from

multicollinearity.

Variables VIF 1/VIF
CBIcertified 1.540 0.650
CBIaligned 1.490 0.670
C_IssuedAmountEUR_w25 1.440 0.694
C_maturity_w25 1.170 0.855
C_issueprice_w25 1.040 0.965
Currency avg 1.043 0.959

Mean VIF 1.110

Table 10. Variance Inflation Factors for independent variables.
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3.3.1 Errors have zero mean

The first technical notation in table 9 is that the mean of the errors should be zero. This

applies to OLS by construction, as long as the model includes an intercept (Brooks, 2019). In

table 11, it can be observed that the mean of the errors is 0.

Variable Obs Mean Std. Dev. Min Max
Residuals 30217 0 1.849 -3.865 8.2
Table 11. Descriptive statistics of the residuals.

3.3.2 Homoscedasticity

The second technical notation in table 9 is that the variance of the errors is constant and finite

over all values of . This is also referred to as the residuals being homoscedastic. To test for𝑥
𝑡

homoscedasticity of the residuals, a Breusch-Pagan/Cook-Weisberg test is performed and

presented in table 12. The null-hypothesis is constant variance of the errors over all values of

(i.e. homoscedasticity) and given the p-value of 0, this null-hypothesis is rejected which𝑥
𝑡

means that we have heteroscedasticity in our data. The remedy for this is that robust standard

errors are used when running our models.

Breusch-Pagan/Cook-Weisberg test for heteroskedasticity
Assumption: Normal error terms
Variable: Fitted values of yield_w25

H0: Constant variance
chi2(1) = 96.65
Prob > chi2 = 0.0000

Table 12. Breuch Pagan/Cook Weisberg test for heteroskedasticity.

3.3.3 Autocorrelation

The third technical notation is that the errors from the model should not correlate with each

other, meaning that there is no presence of autocorrelation in the model. A commonly used

test to check for autocorrelation is the Durbin-Watson test statistic. However, this test only

allows for time-series data and not for panel data. Thus, our best test for autocorrelation is to

predict the residuals and lag them one time period back. The residuals can then be plotted

against the lagged residuals, along with checking their correlations. Figure 1 plots the

residuals against the lagged residuals. The pattern shows strong indications of positive

autocorrelation.
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Figure 1. Residuals plotted against lagged residuals.

When running pairwise correlations between the residuals and the lagged residuals, it can be

observed in table 13 that the correlation is high at 0.972. This also indicates that our model is

suffering from strong positive autocorrelation.

Variables (1) (2)
(1) Residuals 1.000
(2) Lagged Residuals 0.972 1.000
Table 13. Pairwise correlations between residuals and lagged residuals.

Ignoring autocorrelation will have several implications. The coefficient estimates will still be

unbiased, but they will not be the best linear unbiased estimator since they are inefficient.

This means that standard errors might be shifted downwards, leading to unreliable confidence

intervals. In turn, there is a risk of type 1 errors where the null hypothesis is rejected even if it

is correct. There might also be a biased R2, since autocorrelation will lead to an

underestimation of the actual error variance. (Brooks, 2019).

As a remedy for the autocorrelation, we will conduct a robustness check and interpret the

results, in order to validate our model. The panel data will be transformed into cross-sectional

data through calculating the average yield for each green bond. As time to maturity also
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varies over time, the average for each green bond will be calculated for this variable as well.

Since we remove time-series interdependence, the model will no longer suffer from

autocorrelation. This model will be run using OLS and the results will be interpreted in

section 4.3 Robustness Checks.

3.3.4 Endogeneity

The fourth assumption of OLS is that the errors should not be correlated with any of the x

variates, which is also referred to as endogeneity. Endogeneity can occur either through

omitted variable bias where one or several important independent variables are left out of the

model, or from simultaneity, where the dependent variable simultaneously affects one or

several of the independent variables (Brooks, 2019). To test for endogeneity through omitted

variables, we perform a linktest. This test assumes that if the model is correctly specified, no

additional independent variables should be able to add explanatory power to the model. The

test creates two new variables, where _hat are the predicted values and _hatsq are the squared

predicted values. _hat should be significant since they are the predicted values, while _hatsq

should not be significant as the squared predicted values should not add explanatory power to

a correctly specified model (UCLA, n.d.). In table 14, the results from the linktest can be

observed. Since the variable _hat is significant, while _hatsq is insignificant, it is suggested

that our model does not suffer from omitted variables.

yield_w25 Coefficient Std.err t P>t [95% conf. interval]

_hat 1.010 0.034 9.910 0.000 0.944 1.076

_hatsq -0.002 0.005 -0.310 0.755 -0.011 0.008

_cons -0.013 0.048 -0.270 0.787 -0.107 0.081

Table 14. Results from linktest.

Regarding simultaneity, it is hard to detect as we do not know if the x variates correlates with

the error terms in the model. However, our two continuous independent variables issueprice

and issuedamount are set at the issue date and fixed throughout the lifespan of the green

bond. Thus, the value of the dependent variable yield cannot change the values of these two

variables. The same applies to currency and our three certification variables, which are

determined prior to the issuance and cannot change during the lifespan of the bond. The only

independent variable that changes over time is time to maturity, but this is linearly
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time-dependent and can therefore not either be affected by yields. Thus, it can be concluded

that our model does not suffer from simultaneity.

3.3.5 Normality of the errors

The fifth assumption is that the errors should be normally distributed. To get a first grasp on

this, the residuals from the models are plotted in a histogram. In figure 2, the distribution of

the residuals (solid line) is compared to how the distribution would have been if they were

normally distributed (dashed line). When comparing them, it can be concluded that the errors

are not normally distributed. The reason behind this is most likely the distribution of the yield

variable, where we have positive skewness and a leptokurtic distribution. The consequence

from running a model with non-normally distributed errors depends on the situation. In a

large enough sample, the absence of normality does not necessarily mean that the model is

not reliable (Brooks, 2019) However, we will try to treat this through running robustness

checks using logarithmic yields rather than the actual yields.

Figure 2. Normality of the residuals.

In figure 3, the distribution of the residuals are plotted from a model where the natural

logarithm of the yield variable is used as the dependent variable. It appears to be closer to a

normal distribution compared to the prior model, when comparing the solid line with the

dashed line. Thus, we will include a model with the natural logarithm of yield as dependent
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variable when doing robustness checks in section 4.3, as a remedy for non-linearity for the

errors in the first model.

Figure 3. Normality of the residuals with the natural logarithm of the yields as dependent variable.
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4. Results

In this chapter, the regression outputs are presented. The structure is to first analyze three

pairwise two-sample t-tests of our three different transparency variables. Secondly, the

relationships between the chosen dependent and independent variables in our two OLS

models are interpreted. At the end of the chapter, robustness checks are applied to evaluate

our models.

4.1 Two-sample t-tests

To start with, simple t-tests of means between groups are used to get a first grasp of whether

there is a difference in yields between the different levels of transparency or not. In table 15,

CBI certified green bonds and self-labeled green bonds are compared in the first stage. The

mean of the former is 1.95 while the mean of the latter is 2.41, leading to a difference in

means of 0.46. The hypothesis that there is a difference in means is tested by the t-test with

the null hypothesis of similar means. Given the p-value of 0, we can reject the null hypothesis

and conclude that there are yield differences between the two groups. The relationship is as

expected that the mean yield is lower for CBI certified green bonds compared to the

self-labeled green bonds.

The second t-test tests the difference in mean yield between CBI aligned green bonds and

self-labeled green bonds. The mean yield for CBI aligned green bonds is 2.11, while the

mean yield for the self-labeled green bonds is 2.41, which implies a difference of 0.3. Given

the p-value of 0, we can conclude that there exists a difference in mean yields between the

groups.

The last test is conducted between CBI aligned green bonds and CBI certified green bonds.

Here, the mean difference is 0.16 between 2.11 and 1.95. This is also significant at a 1%

significance level leading to the conclusion that there exists a mean difference in yields

between CBI certified green bonds and CBI aligned green bonds.

In summary, the three t-tests suggest the same yield pattern between the transparency levels

as our three hypotheses.
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yield w25 and transparency obs1 obs2 Mean1 Mean2 diff St.Err t p

CBIcertified and selflabeled 1925 3450 1.945 2.41 -.466 .064 -7.3 0

CBIaligned and selflabeled 25180 3450 2.106 2.41 -.304 .038 -8 0

CBIaligned and CBIcertified 25180 1925 2.106 1.945 .162 .05 3.2 .002
Table 15. T-Test results for mean yields depending on transparency level.

4.2 OLS Regression

The results from the OLS regressions of models 1 and 2 are computed in table 16. As

expected, we have negative coefficients for both our transparency variables in OLS

regression 1, which are statistically significant at a 1% level. This suggests that green bonds

that are CBI certified have yields that are 29 BPS lower compared to the green bonds that are

self-labeled holding all other variables constant, while the green bonds that are CBI aligned

have 16 BPS lower yields compared to those that are self-labeled. The coefficient of -0.00108

for Issued Amount is significant, which suggests that the yield decreases by 0.1 BPS for

every million dollars increase of issued amount, holding all other variables constant. The

coefficient for maturity is also significant at a 1% level at 0.0372, which implies that an

increase of remaining maturity of one year results in a 3.7 BPS increase in yield, holding all

other variables constant. Both these relationships between issued amount and yield and

maturity and yield respectively are what is expected, according to Jankovic et al. (2022).

Both OLS regressions have an R2 of 0.238.

Since we have centered our variables, we can interpret the intercept of model 1 at 2.13% as

the yield for self-labeled green bonds when all the continuous variables take their means. The

corresponding values are 1.97% for CBI aligned green bonds and 1.84% for CBI certified

green bonds.

Moving on to the interpretation of model 2, the coefficient of interest is that one of

CBIcertified. This is -0.137 which is significant at a 5% level. Thus, it is suggested that the

yields of CBI certified green bonds are 14 BPS lower compared to those of CBI aligned green

bonds, at a 5% significance level.
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VARIABLES OLS (1) OLS (2)

CBIcertified -0.292*** -0.137**
(0.0628) (0.0549)

CBIaligned -0.156***
(0.0341)

selflabeled 0.156***
(0.0341)

C_IssuedAmountEUR_w25 -0.00108*** -0.00108***
(4.03e-05) (4.03e-05)

C_maturity_w25 0.0372*** 0.0372***
(0.00381) (0.00381)

C_issueprice_w25 -0.0274 -0.0274
(0.0251) (0.0251)

Constant 2.128*** 1.972***
(0.0335) (0.0173)

Observations 30,217 30,217
R-squared 0.238 0.238
Currency dummies Yes Yes

Robust standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1
Table 16. OLS Regression results.

4.3 Robustness checks

In table 17, several robustness checks are presented. Regression 1 and 2 are conducted using

mean yields and mean maturities, calculated for each individual green bond. This approach is

used as a remedy for autocorrelation being present in our model. Here, the results suggest that

CBI certified green bonds have 101 BPS lower yields compared to self-labeled green bonds,

while CBI aligned green bonds have 45 BPS lower yields compared to self-labeled green

bonds. It is also suggested in regression 2 that the CBI certified green bonds have 57 BPS

lower yields compared to CBI aligned green bonds. It can be concluded that the coefficients

are higher compared to our original regression. This suggests that autocorrelation will not

cause us to make type 1 errors in our models, as this robustness check makes us draw the

same conclusions regarding the yield relationships between CBI certified, CBI aligned and

self-labeled green bonds respectively. We can also observe a higher R2, which suggests that

the autocorrelation does not shift up the R2 in our original models.

Regression 3 and 4 include the same regressions as our original models, but with the natural

logarithm of yield as the dependent variable to adjust for non-normality. Thus, our results will

be interpreted as one unit increase in the independent variable implies a

increase in the dependent variable, where is the value of the((𝑒β − 1) × 100) % β

30



coefficient (Ford, 2018). Thus, in regression 3, the coefficient of -0.12 for CBI aligned

suggests that the yields for CBI aligned green bonds are 11.3% lower compared to

self-labeled green bonds, while the yields for CBI certified green bonds are suggested to be

13% lower compared to those of the self-labeled green bonds. Both these coefficients are

significant at a 1% significance level. In regression 4, it can be observed that the coefficient

checking the yield difference between CBI certified green bonds and CBI aligned green

bonds is not statistically significant. Thus, the robustness check where we adjust for normally

distributed errors supports the findings for H1 and H2, but not for H3.

OLS regression 5 and 6 are run using only our transparency variables, to check if the same

patterns can be found when excluding the control variables. This is done in order to make

sure that the control variables are not adjusting the results too heavily in any direction. It can

be observed that these regressions show the same patterns as our original models, but with

slightly larger coefficients. These regressions suggest that CBI certified green bonds have 47

BPS lower yields than self-labeled green bonds, CBI aligned green bonds have 30 BPS lower

yields than self-labeled green bonds and CBI certified green bonds have 16 BPS lower yields

than CBI aligned green bonds. All these three coefficients are significant at a 1% significance

level.

OLS regressions 7 and 8 are conducted without currencies as control variables. Here, in

regression 8, it can be observed that we lose the significant yield difference between CBI

certified and CBI aligned green bonds when we exclude currencies as a control. However, we

can still observe that there is a 32 BPS difference in yields between CBI certified and

self-labeled green bonds and a 29 BPS difference in yields between CBI aligned and

self-labeled green bonds in regression 7. The R2 is only at 0.02, which can be compared to

0.238 in our original models. Thus, it can be concluded that including the currencies

contributes to explaining the variance in the model.

The last two regressions are conducted using random effects. They show the same

relationships as our original models, but with larger coefficients. The results suggest that CBI

certified green bonds have 133 BPS lower yields to self-labeled green bonds, CBI aligned

green bonds have 43 BPS lower yields compared to self-labeled green bonds and CBI

certified green bonds have 90 BPS lower yields compared to CBI aligned green bonds. We

have a 0.10 within variation and a 0.15 between variation. Thus, from the random effects
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model, we can conclude that the variation between groups (green bonds) contributes more to

the overall variation compared to the variation within groups.
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
VARIABLES Yearly

yield
Yearly
yield

Ln_yields Ln_yields OLS OLS OLS OLS RE RE

CBIaligned -0.447*** -0.120*** -0.304*** -0.291*** -0.429***
(0.120) (0.0192) (0.0385) (0.0383) (0.146)

CBIcertified -1.012*** -0.565** -0.139*** -0.0197 -0.466*** -0.162*** -0.318*** -0.0268 -1.332*** -0.904***
(0.241) (0.248) (0.0391) (0.0357) (0.0603) (0.0501) (0.0615) (0.0515) (0.299) (0.274)

selflabeled 0.447*** 0.120*** 0.304*** 0.291*** 0.429***
(0.134) (0.0192) (0.0385) (0.0383) (0.146)

C_issueprice_w25 -0.0495 -0.0495 -0.0311** -0.0311** -0.0436* -0.0436* -0.356*** -0.356***
(0.0882) (0.0970) (0.0130) (0.0130) (0.0262) (0.0262) (0.113) (0.113)

C_mean_maturity 0.00579 0.00579
(0.0129) (0.0146)

C_IssuedAmountEUR_w25 -0.000161 -0.000161 -0.00072*** -0.00072*** -0.00078*** -0.00078*** -1.56e-05 -1.56e-05
(0.000165) (0.000150) (2.78e-05) (2.78e-05) (4.23e-05) (4.23e-05) (0.000189) (0.000189)

C_maturity_w25 0.0325*** 0.0325*** 0.0445*** 0.0445*** -0.304*** -0.304***
(0.00173) (0.00173) (0.00331) (0.00331) (0.0206) (0.0206)

Constant 2.740*** 2.293*** 0.319*** 0.200*** 2.410*** 2.106*** 2.453*** 2.162*** 2.800*** 2.371***
(0.115) (0.0623) (0.0185) (0.0104) (0.0361) (0.0134) (0.0359) (0.0136) (0.142) (0.0728)

Observations 1,269 1,269 28,306 28,306 30,555 30,555 30,217 30,217 30,217 30,217
R-squared 0.313 0.313 0.187 0.187 0.003 0.003 0.019 0.019
Currency dummies Yes Yes Yes Yes No No No No Yes Yes
Number of ID 1,269 1,269

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 17. Robustness checks.
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5. Discussion

The discussion starts with repeating our research question and answering it through our three

hypotheses. Further, we discuss the reasons behind our findings and link them back to

previous literature.

5.1 Findings

The research question for this thesis was:

Does transparency have an influence on green bond yields?

To answer the research question, the following three hypotheses were developed:

H1: CBI certified green bonds have lower yields than self-labeled GBP aligned green bonds.

H2: CBI aligned green bonds have lower yields than self-labeled GBP aligned green bonds.

H3: CBI certified green bonds have lower yields than CBI aligned green bonds.

The results, together with the robustness checks, suggest significant evidence for H1, H2 and

H3.

Our findings are consistent with previous literature on green financing, from the perspective

that better green performance can lead to lower cost of capital in terms of yields on bonds

(Sharfman & Fernando, 2008; Oikonomou et al., 2014). The greenium literature has been

contradictory, whereas our findings support those that show a negative greenium in the sense

that investors accept lower yields for a higher level of greenness information. Lastly, to link

our findings to the most similar previous research in terms of green bond transparency, it is in

line with the findings of Jankovic et al. (2022), hyun et al. (2020) and Liaw (2020) in that

investors value transparency of greenness information and accept lower yields for green

bonds that are aligned with a regulatory framework that requires external verification. The

reason behind this is that investors have become increasingly aware of the sustainability

implications of their investments. What can also be observed is that it is not only for the sake

of sustainability, but also that it is expected that sustainable investments will generate higher

returns in the future and are less risky. These findings will be discussed more in detail in

sections 5.2, 5.3 and 5.4, where the results and findings will be put in relation to previous

literature.
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5.2 Information asymmetry and transparency in the green bond market

Hyun et al. (2022) highlighted that information asymmetry exists in the green bond market

and that it affects the behavior of both issuers' and investors. Because information asymmetry

conveys the risk of greenwashing, investors demand more credible information (Hyun et al.,

2022; Baulkaram, 2019; Talbot, 2017). Our findings have the possibility to contribute to

reducing information asymmetry in the green bond market, through showing that investors

value transparency regarding which projects their invested capital will be allocated towards.

This is because our findings suggest that CBI certified green bonds, the highest level of

transparency, have the lowest yields, followed by higher yields for CBI aligned green bonds

and, lastly, the highest for self-labeled green bonds. These findings are in line with Hyun et

al. (2022), from the perspective that investors tend to accept lower premiums for the

reduction of greenwashing risk.

Further, Baulkaran (2019) highlights the importance of an increased amount of standards,

regulations and policies for green bonds. Our findings suggest that it is not only the

frameworks themselves that are important, but also mechanisms ensuring that the frameworks

are followed. This can be, for example, monitoring and external verifications. Having only

voluntary frameworks such as the GBP framework will enable issuers to greenwash by

claiming that their green bonds follow these frameworks, while they instead use the

investments to finance unsustainable projects. Our findings stress the importance of external

certifications to verify green bonds, such as those given by Climate Bonds Standards Board

for CBI certified green bonds.

Meanwhile, when investors accept lower yields for increased transparency, the issuers of

green bonds can reduce their financing costs in terms of lower cost of capital. Thus, our

findings have implications from the issuer’s perspective as well. Oikonomou et al. (2014) and

Sharfman & Fernando (2008) showed that there was a link between environmental

performance management and lower cost of capital, for example in terms of yields on

conventional bonds. Our findings support this in showing evidence that the same relationship

holds for green bonds as well. Through showing this, our findings suggest that reduced

information asymmetry will imply a win-win situation where investors get legitimate

sustainable investments and issuers get cheaper financing. Furthermore, these incentives from
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both issuer and investor perspectives could enable the unification and development of a

global standardization of green bond transparency, as suggested by Talbot (2017).

Despite what has been shown in this study with the relationship between yields and

transparency, one should however recall that there have been contradictory findings in

previous studies mainly depending on samples from different geographical areas, currencies

and time periods (Liaw, 2020). Thus, investors might have different levels of attraction to

investments, and react differently to sustainable projects and information quality worldwide

(Karpf & Mandel, 2018). For example, Han and Li (2022) found different investor behavior

and market reactions in the US green bond market compared to the EU. Consequently, it

cannot be assured that our findings are valid in geographical areas other than the EU, because

of the limitation due to the chosen sample.

5.3 Green bonds and portfolio theory

Another aspect of green bonds is the portfolio diversification perspective (Liaw, 2020; Han &

Li, 2022). The rationale for portfolio optimization has shifted from being purely financial, to

also include ethical aspects in terms of sustainable investments. Hence, investors demand

credible, trustworthy greenness information on green bonds to make the right investment

decision from this ethical rationale, while still being able to obtain returns. From this

perspective, our findings support the proposition that green bond transparency can work as a

tool for investors who want to ensure that their investments are allocated to sustainable

projects. Additionally, for investors in the European green bond market, our research

provides an in-depth insight into how to allocate green investments depending on

transparency levels.

As our findings suggest that yields differ depending on the level of transparency, investors

could be aware of which green-labeled bonds they invest in through certifications. As stated

by Han and Li (2022), in comparing the US and the EU stock markets, more transparent and

regulated bonds are advantageous for investors to include in their portfolios to mitigate risks.

For instance, risk-adjusted return is increased when having green bonds in the portfolio. Our

findings support this view in that there might be a difference in risk-and return behaviors for

green bonds depending on their level of transparency. It was shown by Pham (2016) that

transparent green bonds behave differently compared to conventional bonds in terms of
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volatility patterns. Our findings support this, which in turn suggests that different

transparency levels can be used in a portfolio for diversification purposes. Investors can make

decisions concerning which types of green bonds to include, which will result in different

expected future returns according to the level of green bond transparency. This might also

imply a trade-off between the short and long run as there is a possibility that the yields are

higher in the short run for lower transparency levels of green bonds, but that transparent

green bonds are long-term advantageous since sustainability is perceived to be less risky in

the long run (Karpf & Mandel, 2018).

5.4 Green bonds as a key tool for financing green projects

Green bonds are not only a tool for companies to get cheaper financing, nor for investors to

diversify their portfolios. These two implications are rational from both these two

perspectives, but we also want to stress the importance of green bonds from a wider societal

and ecological perspective. The United Nations stated in the Paris Agreement which actions

are necessary to reach the degree target of a maximum of two degrees Celsius temperature

increase compared to pre-industrial level, but with an even more ambiguous goal of 1.5

degrees Celsius increase as the desired outcome. This agreement is legally binding, which

puts pressure on the 194 parties that have joined the agreement prior to today (United

Nations, n.d.). For sure, it requires humans as individuals, especially in the more developed

parts of the world, to challenge the accepted mindset and behavior. For example, the average

Swedish lifestyle would require 4.2 globes if every human on earth shared the same lifestyle

(Naturskyddsföreningen, 2021). However, much of the responsibility should also fall on the

larger actors in the system. Companies and governments have the power to enable

innovation, which is a crucial aspect of reaching the 1.5 degrees target. For example, this

includes cleaner transportation, green electricity, buildings, industry, manufacturing and

infrastructure. Here, the growth of the green bond market is important in the process of

reaching 6.3 trillion U.S. Dollar investments in sustainable infrastructure prior to 2030

(OECD, 2017).

Further, our findings are important since they suggest that companies can get cheaper

financing from using green bonds as a debt instrument and from being more transparent about

which projects will be financed. Baulkaran (2019) highlights the importance of standards,

regulations and policies to enable the growth of the green bond market. Our findings, along
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with other findings about how transparency in terms of certifications and verifications impact

green bond behavior (Hyun et al., 2020; Jankovic et al., 2022; Flammer, 2021; Li et al.,

2020), stresses the importance of aligning green bonds with relevant frameworks and to get

external verifications. As information symmetry is a factor that prevents the green bond

market from growing, with the risk of greenwashing as the largest fear for investors (Talbot,

2017), transparency certifications such as CBI alignment and certification are of importance

to legitimize these types of investments. Our findings are important to enable certifications to

become more widespread, which in turn is a prerequisite for the growth of the green bond

market. When the green bond market grows with increased transparency, green bonds have

the possibility to become a crucial tool in order to reach 6.3 trillion dollars investments in

sustainable infrastructure prior to 2030 (OECD, 2017), which in turn is one important factor

of reaching the target in the Paris agreement of a maximum of 1.5 degrees Celsius

temperature increase.
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6. Conclusion

Our study divides green bond transparency into three different levels: self-labeled green

bonds, CBI aligned green bonds and CBI certified green bonds. We show that CBI aligned

green bonds and CBI certified green bonds respectively have lower yields than self-labeled

green bonds, while CBI certified green bonds have lower yields than CBI aligned green

bonds. This adds to the previous literature in terms of providing further evidence that

investors value transparency and are willing to accept a discount in order to know that the

proceeds from their investments in green bonds are used for its initial purpose.

To our knowledge, this is the first study that divides transparency into three categories and

examines the difference in yields between these categories, which was mentioned by

Jankovic et al. (2022) as a limitation of their work, as well as a suggestion for future research.

Thus, our findings imply contributions to corporate finance, and more precisely green

finance. They are valuable for corporations as they suggest that investors value greenness

information in their decision making. Thus, companies can benefit from being transparent in

order to reduce their cost of capital. For investors, this study has portfolio theory

implications, from a diversification perspective. Since it is suggested that greenness

information is valuable and that risk and return behaviors for green bonds are different

depending on the level of transparency, investors can optimize their portfolios by including

green bonds with different characteristics in order to increase diversification and mitigate

risk. The study also has implications from a green bond market perspective, as our findings

suggest that increased transparency can help reduce information asymmetry in the green bond

market, as suggested by Liaw (2020). This can be achieved through a larger extent of

regulatory frameworks, norms and standards where external verification is of high

importance, as identified by Baulkaran (2019) and Talbot (2017), to enable the growth of the

market. Lastly, to link our study to a wider societal perspective, our findings have the

possibility to increase the usage of green bonds as a tool for sustainable finance. This is

because they are suggested to be an important source of financing for reaching the

requirement of 6.3 trillion dollars investments in sustainable infrastructure prior to 2030, in

order to reach the 1.5 degree target presented in the Paris agreement (OECD, 2017).

The main limitation of our study is that we have used pooled OLS regression, which leaves

us unable to observe differences over time or between entities in our sample. For example,
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Karpf & Mandel (2018) used time fixed effects in their research on the greenium in the US

municipal green bonds market to show that the greenium was negative in the early years in

their sample, while it turned positive in the later years. If time fixed effects were to be used in

our sample, there is a possibility that we would also observe time-varying differences in how

the yields depend on the level of transparency in our sample. Furthermore, there are

components used in previous literature that have been shown to affect the yields which we

did not control for in our research. These factors are, for example, credit ratings (Li et al.,

2020; Jankovic et al., 2022; Hachenberg & Shiereck, 2018), ESG ratings (Hachenberg &

Shiereck, 2018) and type of issuer (Fatica et al., 2019; Bachelet et al., 2019; Gianfrate & Peri,

2019). By including these characteristics, our findings would have had the possibility to give

a broader set of evidence for more factors affecting green bond yields. However, we consider

that the main problem statement and focus for the research has been to explore the

relationship between transparency and yield in a detailed way, to get a good direction within a

narrow area of interest, instead of including a broader set of factors.

Suggestions for future research include how the different categories of green bond

transparency used in this study influence other green bond components. This could, for

example, be how the volatility of green bonds, as investigated by Pham (2016) and Bachelet

el al. (2019), might behave differently depending on the level of transparency. It could also be

how stock market reactions after green bond issuance, previously investigated by Flammer

(2021) & Baulkaran (2019), differ depending on the level of transparency of the green bond

based on our categorizations. Similarly, investigating how transparency and greenness

certification impact green bond pricing could be another potential research area. Investigating

ESG ratings and industry sectors would also be a potential topic for future research to explore

the broader impacts of greenness certifications. In addition, empirical research on how green

bond transparency is implemented in different geographical areas would be relevant for

further research.
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