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This paper explores the impact of environmental preferences on the pricing of financial assets, with 

green bonds as the subject matter of analysis. The rising concern for climate change has fuelled an 

increasing demand for investments with superior environmental profiles. In turn, this demand has 

led to a surge in the growth of the market for green bonds, in particular within the second half of 

the past decade. While the extant literature on the pricing of socially responsible investments contra 

conventional investments is abundant, few studies attempt to separate the effects of investor 

preferences for and financial materiality of the issues considered. This study is different as the 

methodological approach ensures complete separation of the effect of preferences from the 

potential impact of the environmental performance on company value. 

For the matched pairs sample where each green bond is paired with an otherwise 

identical synthetic conventional bond from the same issuer, any within-pair yield difference will, 

in theory, result from preferences. This is so as the two bonds share similar priority and are not 

ringfenced and thus, both bonds should experience an equal impact of the financial materiality of 

company-level environmental performance. 

The empirical analysis provides evidence of a statistically significant greenium, a 

yield difference between green and conventional bonds, equal to -1.125 basis points. Furthermore, 

it reveals the presence of substantial variation in the bond-specific greenium estimates. 

Specifically, for issuers within the private sector, the greenium decreases as credit quality 

deteriorates. While initial examinations suggest that financial issues are priced at a greenium closer 

to zero than non-financial corporate and development bank issues, the evidence of the OLS 

regressions applied to investigate the cross-sectional variation in the greenium does not support 

that hypothesis. In contrast, the results of the regressions do provide weak support of the hypothesis 

that signals which succeed in mitigating the informational asymmetry between issuer and investors 

predict a larger negative value of the greenium. An ESG issuer rating with a high environmental 

pillar subscore appears to be the superior signal of those investigated, predicting an, albeit 

statistically insignificant, 1.138 basis points decrease in the greenium. 

In conclusion, this study shows that the pricing impact of pro-environmental 

preferences is statistically significant, though insignificant in economical terms. Investors would 

hardly consider the minor pricing differential as a barrier to investing in green bonds. However, 

the statistical significance of the negative estimate suggests that there is headroom for the issuance 

of more green debt. Furthermore, the pricing implications of asymmetrical information indicates 

that measures to increase market-wide transparency could spur market growth even further. 
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1 Introduction 

Concerns on environmental sustainability are far from new; environmental movements developed 

in the wake of the second world war and in 1972 the United Nations Conference on the Human 

Environment formally put the topic of on the agenda with the members agreeing on the foundation 

of the United Nations Environment Programme. 15 years later, the Brundtland report with the name 

“Our Common Future” underscored the concern for the environment by stating that development 

needed to be sustainable, meeting the needs of the poor without imposing negative externalities on 

the environment. 

In recent decades, the attention to sustainable development has increased exponentially, 

and the term has come to encompass many more dimensions than the environmental one. The 

number of Sustainable Development Goals (SDGs) launched in 2015 amounts to 17, covering, in 

addition to the goals that spurred the foundation of the United Nationals Development Programme, 

poverty and economic development, areas such as gender equality, education, peace and justice 

along with climate action, life on land and below water, etc. Signed by all member states of the 

United Nations, the SDGs represent the changing tide. 

Two drivers can explain the movement. On one hand, the increased public attention to 

environmental, social and governance (ESG) issues has driven a surge in the demand for socially 

responsible investment. In turn, companies have felt the transitioning pressure, and new business 

opportunities have materialized. The incentives to improve the ESG profile are strong. Initiation of 

corporate social responsibility (CSR) reporting has been shown to increase analyst coverage, attract 

institutional investors, and lower the cost of capital. Furthermore, within the past few years, 

companies and investors alike have come to the realisation that ESG issues are financially material. 

They are not merely a matter of values and tastes, not just of concern to a certain niche of investors 

whose utility depend on non-pecuniary benefits. Rather, ESG issues relate to the risk of the 

companies’ operations, and this relation is not limited to reputational risk and license to operate, 

which on their own should be of great importance to investors and companies alike, but relates also 

to legal risks, stranded assets, etc. Additionally, while companies may have considered certain 

issues as internalities, and accordingly, financially material, it has only recently gained general 

acceptance that issues currently considered immaterial may not truly be so. Externalities can soon 

be internalized when stakeholders or regulators put companies under review, or when the industry 

of operation is suddenly subject to disruption. A detailed description of how ESG issues become 
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material to both companies and investors has recently been provided by Rogers and Serafeim 

(2019).  

The changing tide gives new relevance to the question of whether the concerns of 

sustainability and the realisation that ESG issues may be financially material have had a broader 

impact on the financial markets. Along with both value-based and risk-based divestments, there 

has been a surge in the demand for investments with strong ESG profiles. But has the supply been 

sufficient, hastily adapting to the change, and how does the pricing of the novel investment products 

that have emerged in response to said development compare to the pricing of conventional financial 

instruments? In particular, are the preferences for ESG-friendly investments so strong that they 

result in pricing differentials? 

Motivated by these considerations, this study seeks to shed further light on the pricing of 

green bonds, one of the aforementioned novel financial instruments with a specific focus on ESG. 

Fuelled by the threat of climate change and the aforementioned increase in the attention to ESG 

issues in general, the green bond market has grown exponentially since its inception in 2007. Yet, 

it is still young, and although the pricing of green bonds has been subject of several empirical 

studies, the question of how, or, if, even, the pricing of green bonds differs from conventional 

bonds. What is particularly interesting is that green bonds, when not ringfenced or project bonds, 

will share a similar risk profile to that of conventional bonds from the same company. Thus, any 

difference in pricing between two bonds, one green, one conventional, that are otherwise perfectly 

similar would, in theory, reflect investor preferences only. Building on the foundation of previous 

studies, this paper intends to collect terms and add to the extant literature guided by the following 

problem statement: 

 

Does the evidence suggest that a preference for environmentally friendly investments translate into 

the pricing of financial assets? In particular, is a so-called “greenium”, a yield difference between 

a green and an otherwise similar conventional bond, present in the secondary market? 

 

Section 2 will account for the development and current state of the green bond market and list the 

key determinants of bond yields. Provided with a fundament for the exploration of the problem 

statement, a thorough review of relevant extant literature on socially responsible investment and 

asset pricing is given in section 3. This section motivates the development of two main hypotheses 

to be tested in an empirical analysis of green bond pricing. The methodological framework for said 
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empirical analysis is described in section 4, which entails a description of both the sampling and 

estimation strategies. Subsequently follows the empirical analysis, a section which sets out with 

accounting for the descriptive statistics of the sample before moving to the tests of the hypotheses 

developed in section 3. Last, before the concluding remarks of section 7, section 6 includes a 

theoretical perspective of pricing of green financial assets and how this relates to the results of this 

as well as other studies on green bond pricing. 

 

2 Background 

This section intends to provide the reader with an understanding of the context within which the 

thesis is written. The first subsection accounts for the inception and the development of the green 

bond market, beginning with an account of the development of sustainable investment strategies 

from niche to mainstream, a development that has given rise to a range of new investment vehicles, 

among which green bonds. The following subsection describes how this particular asset class 

emerged and what characterizes the market for green bonds as of today. Last, a thorough account 

for the determinants of bond yields is given in order to establish the basis for the methodological 

framework to be presented in section 4. 

 

2.1 The Green Bond Market 

2.1.1 Sustainable Investment and the Acknowledged Acronyms SRI, PRI and ESG 

The asset class of green bonds is not just a sub-asset class of fixed income securities, it is also an 

important part of a very wide category of sustainable investment products. Before looking into the 

green bond literature, an overview of this category and the studies of it is therefore required. 

“Sustainable investment” is a term often used interchangeably with “responsible investment” or 

“socially responsible investment” (SRI), and to avoid confusion, the latter term will be used 

consistently throughout this paper. The concept of SRI originally suffered from the very same lack 

of a clear-cut definition as “green bonds” do, a shortcoming which it still exhibits to some degree.  

For long, SRI was thought of as niche and rooted in ethical, often religious, motives and 

beliefs. The launch of the first sustainable fund, the Pax World Fund, in 1971 is commonly noted 

as the first milestone of SRI, and over the next decades, a range of historic events followed. Among 

the most notable were the protests against the apartheid regime, which lead to massive divestment 

from South Africa in the 1980s, and the inception of CERES in reaction to the Exxon Valdez oil 
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spill in 1989. The development within the area of SRI took flight in the late 1990s when Great 

Britain published the very first Code of Corporate Governance and the Dow Jones Sustainability 

Indices (DJSI) were launched. Thus, within a few decades, the attention to SRI had many doubled, 

a growth that has yet to slow down. That aside, there was no formal agreement on what qualified 

as SRI. 

With the introduction of the United Nations’ Principles for Responsible Investment (UN 

PRI), a renowned supranational organization provided institutional investors with an outline for 

how to invest responsibly. The six principles form a framework of suggestions revolving around 

how ESG factors should be incorporated into the investment process, making it responsible (PRI 

Association, n.d.). They do not, however, address which issues should be taken into account and 

how to do it, and thus, despite the massive attention that the UN PRI received and the large number 

of signatories, the UN PRI did not provide further clarification of what SRI is. As earlier mentioned, 

not until the United Nations launched the SDGs in 2015 were the key areas to be addressed when 

speaking of sustainability defined by a supranational institution with such power. Still, it was not 

an extensive framework with profound specification, and consequently, it could not completely 

rule out the remaining ambiguity. 

 

2.1.2 The Inception and the Characteristics of the Market for Green Bonds 

The very first green bond was issued by the European Investment Bank in 2007. Thus, the market 

for green bonds is still fairly young and therefore expected to be less developed than the market for 

conventional bonds. However, according to a 2019 report from the EU Technical Expert Group on 

Sustainable Finance (EU TEG) (2019, p. 20), the existence of a green bond market has accelerated 

the development of market-based definitions of green eligibility, e.g., the International Capital 

Markets Association Green Bond Principles, which are discussed in further detail below, and the 

materialisation of an ecosystem of firms providing advisory services on how to interpret and verify 

green projects. This ecosystem has allowed investors to invest with greater confidence in green 

projects, in turn propelling the growth of the green bond market. 

Despite the past years of rapid growth, the pricing advantages that some issuers of green 

bonds appear to benefit from and the low secondary market liquidity of green issues indicate that 

the market, though it may have reached a fairly developed stage, still suffers from an imbalance in 

demand and supply (EU TEG, 2019). Specifically, the results of the studies on green bond pricing, 

presented in further detail in section 3, may be interpreted as a deviation from equilibrium produced 
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by a shortage in the supply of green bonds. The EU points to several barriers hindering the growth 

of the green bond market, with more than one being uncertainty connected to what the market 

considers as green. Such concerns revolve around the issue of information asymmetry and the lack 

of credibility of the greenness of the bond, i.e., the investors’ trust in the green credentials of the 

green bonds, issues that the EU propose to mitigate through the development of an EU Green Bond 

Standard (EU-GBS). 

In a 2016 report directed at the European Commission, an expert group proposed six key 

standardisation measures that could either be introduced as separate policy makes, or, as suggested, 

as a group, forming a comprehensive common EU-GBS (Cochu et al., 2016). Although some 

measures could lead to short-term decreases in market size, the report emphasized that those very 

measures were likely to have a positive long-run impact. Further, the effect of the six measures 

adapted as a whole was, in general, expected to increase transparency and investors’ confidence, 

and, through this channel, to lead to an increased demand for and liquidity of green bonds. Why 

the development of an appropriate EU-GBS might have such an impact on the green bond market 

is explained in section 3.3, which provides a review of the theories of informational asymmetry 

and the purpose and effects of signalling. 

While the EU-GBS has yet to be implemented, there are, as the EU TEG also notes, 

several frameworks for green bond eligibility already in place, with the perhaps most commonly 

known being the Green Bond Principles. These principles were developed by the International 

Capital Markets Association (ICMA) in 2014 and since the publication of the initial set, the 

principles have received frequent reviews in order to ensure that they reflect the ongoing 

development of the green bond market. The ICMA Green Bond Principles (ICMA GBP) provides 

the market, issuers, verifiers and investors alike, with a widely accepted and very simple framework 

for assessing whether a bond is green or not.  

As stated by the ICMA, “The Green Bond Principles […] are voluntary process 

guidelines that recommend transparency and disclosure and promote integrity in the development 

of the Green Bond market by clarifying the approach for issuance of a Green Bond.” (ICMA, n.d.). 

The principles consequently serve a dual purpose of providing issuers with guidance and, via the 

promotion of information availability, aiding investors with their evaluation of the environmental 

impact of their investments. 

The four core components of the principles are 1) use of proceeds, 2) process for project 

evaluation and selection, 3) management of proceeds, and 4) reporting. The first of these four 
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components is what the definition of a green bond applied in this study relies on. That the proceeds 

of the bond are earmarked for green projects, including but not limited to renewable energy, 

pollution prevention and control, climate change adaption, etc., is the cornerstone of a green bond. 

While the very broad scope of green projects as defined by the ICMA is a drawback, leaving a less-

than-optimal framework for green bonds, the use of proceeds principle includes and stresses the 

very important fact that the use of proceeds should be exhaustively described and, if possible, 

quantified by the issuer in the bond prospectus. 

Consequently, the other three principles, concerning the management, monitoring and 

post-issuance reporting on the use of proceeds, are not directly taken into account when 

determining whether a bond is green or not. The merits of this approach can certainly be discussed, 

but as it is aligned with the approach used for green bond tagging purposes by the major data 

provider Bloomberg, it is plausible that it is also what many investors rely on when defining the 

universe of green bonds. Therefore, the green bond universe will henceforth be equivalent to the 

universe of labelled green bonds that adhere to the first of the four components of the ICMA GBP. 

 

2.2 Addressing the Confusion on the Definition of Green 

A frontrunner in addressing the lack of clarity and level playing field in the green bond market is 

the non-profit organisation the Climate Bonds Initiative (CBI). CBI launched the Climate Bond 

Standard and Certification Scheme at the end of 2010, a few years before the establishment of the 

ICMA GBP when the market was in its inception phase. 

The feature of the standard and certification scheme that sets it apart from the Green 

Bond Principles, is that it provides a much more elaborate framework for the labelling of projects 

as green. Further, the framework is backed by thorough scientific research, ensuring that the 

standard complies with the Paris Agreement limit of a 2-degree increase in global temperature. As 

such, the standard of CBI provides issuers and investors with better tools of evaluation of the 

greenness of a given bond. Additionally, by offering a certification scheme, CBI provides the 

issuers with the opportunity of having their green bonds verified and subsequently certified against 

the Climate Bond Standard, thus allowing issuers to obtain a stamp of approval of a recognized 

institution, in this case, the CBI. The green bond market at its current state is rather opaque: No 

legal and commercial definition of green bonds has been universally agreed upon, and thus, issuers 

are free to label their bonds as green without having to adhere to anything but what they state in 

the bond prospectus. The consequences are critical, uncertainty and concerns of greenwashing, and 
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thus, certification may be a valuable tool for issuers. They may lend credibility from both the 

verification against an accepted set of principles and from the approving institution itself, an effect 

which section 3.3 will return to and present empirical evidence of. The result is that the investors’ 

worries of greenwashing, and, importantly, the negative impact on the demand for that particular 

green issue that these worries might lead to, are mitigated. 

 

2.2.1 External Reviews 

Obtaining a Climate Bond Certification from the CBI is one of a vast number of options available 

to issuers wishing to assure the public of the green credentials of their green bond through an 

external review. Applying the terminology of the process guidelines for issuing green bonds 

provided by the ICMA, these options can be grouped into four distinct categories, with 

certifications comprising one category and second party opinions, verifications and green bond 

scorings and ratings (ICMA, 2018a) the remaining three. Several companies provide these services, 

including both renowned auditors, such as KPMG and Deloitte, and organisations specialized in 

ESG scoring, such as Sustainalytics and Cicero. 

The ICMA has published a voluntary guideline aiming to “provide information and 

transparency on the external review processes for issuers, underwriters, investors and other 

stakeholders. They strive to represent a consensus view from all parties involved” (ICMA, 2018b), 

and they intend to complement not only the ICMA GBP but also other relevant guidance such as 

the CBI Climate Bond Standard. Once again, the guidelines are voluntary, and at large they have 

not mitigated the fact that the procedures applied by external consultants when providing either 

second opinions, verifications or scorings or ratings vary significantly across firms (Cochu et al., 

2016, p. 70-71). Thus, the value of this type of external review of the green credentials of a given 

bond can be questioned. It is reasonable to believe that investors value assurance from some 

companies higher than that from others, depending on factors including, but not limited to, the 

nature of the review that is provided, the quality in terms of the scope and depth of the analysis and 

report, and the knowledge and perceived credibility of the company conducting the review. In 

extension, if not all of the varieties of reviews falling into this category are of equal quality, 

investors failing to distinguish between the different sub-types might resort to view the quality of 

all these types of reviews as equal to or lower than that of the type considered the least reliable. 

Second-party opinions and green bond scores, rating and reports, when grouped together, 

is believed to be a weak signal of credibility, yet it is still believed to enhance the credibility of the 
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green credentials as compared to issuer self-labelling only. This interpretation is a direct 

consequence of the absence of a uniform set of requirements as for how the assessment is to be 

carried out, what principles and standards the issue is to be evaluated against, how much 

information to be collected and what the report to be published must contain. 

 

2.2.2 CBI Certification 

Returning to the CBI certification, the five-step certification process is divided into a pre-issuance 

and a post-issuance part: 

1. The initial step consists of the issuer’s preparation of a bond issue that meets the relevant 

sector-specific criteria set by the CBI. The issuer must compile a sufficient amount of 

information supporting that the criteria are met, and the issue must be supplemented by a 

green bond framework informing the market of the use of proceeds, the internal controls 

that the issuer will commit to going through, etc. 

2. Second, the issuer must engage a CBI approved verifier and provide the verifier with the 

information needed to achieve assurance that the CBI standards are met by the issue. 

3. If, after submitting the verifier’s report, the CBI decides to provide the issue with a Pre-

Issuance Certification, the bond can subsequently be issued as a Certified Climate Bond. 

4. Within two years of issuance, the issuer must provide the CBI with another report, in which 

the aforementioned approved verifier assures the CBI that the bond conforms with the post-

issuance requirements of the CBI standard. 

5. Completion of the above steps yields a Post-Issuance Certification, that is maintained by 

annual reporting with the purpose of confirming that the bond still complies with the 

standards. This can but is not required to be supplemented by an external review. 

(source: CBI, n.d.a) 

Given the level of elaboration of the CBI standards and the fact that these are formed 

based on the recommendations of renowned scientists, combined with the high standards of 

reporting required to receive and maintain the certification, it seems reasonable to believe that CBI 

certification is the form of external review which sends the stronger signal. Further, the recognition 

of the CBI adds to the trustworthiness of the reviewer, supporting this idea. 
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2.3 Determinants of Bond Yields and Their Proxies 

This study is built upon an examination of bonds yields to maturity, defined as the annualized rate 

of return that the investor receives when buying a bond and holding it to maturity, given that the 

issuer makes all payments on the bond as scheduled. Hence, the bond yield can be thought of as 

the compensation required by the investor for bearing the risks related to the investment. This 

motivates a walkthrough of the main determinants of bond yields. 

The empirical study of section 5 is concerned with fixed coupon bullet bonds only, a 

bond structure for which bond price can be calculated as	 

"! =$%&'1 + *!,#+
$#

%

!

+ &'1 + *!,%+
$% 

"!: Bond price as of today 

&:   Face value of the bond 

%:    Coupon rate 

*!,#: Interest rate applicable for the time horizon of today and until time , 

 

The yield to maturity, or in short, yield, is the unique rate - that when substituted for *!,# for all 

, ∈ [1, 1] leads to equality in the above equation. As the equation shows, the relationship between 

bond prices and yields is inverse; the lower the bond price, the higher the yield. As standard asset 

pricing theory describes, the required return, in this case, yield, is determined by the risks related 

to making the investment. For bonds, the main risks of concern are interest rate risk, inflation risk, 

default risk and liquidity risk, risks that will be explained in the following paragraphs. Other risks 

may apply depending on the structure of the bond, for instance call and reinvestment risk and 

extension risk. 

 

2.3.1 Interest Rate and Inflation Risk 

Rising interest rates will have a negative effect on bond prices, reflecting the increased 

attractiveness of other investments, e.g. new issues with higher coupon rates. The sensitivity of a 

given bond’s price to changes in interest rates varies with maturity and payment schedule; All else 

equal, the longer the maturity and the smaller the coupon payments, the larger the interest rate risk. 

Related to this risk is the risk that rising inflation induces a drop in the real return on the bond since 

future payment streams will no longer provide the same purchasing power. Related is also the 
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holding period risk that arises and increases, naturally, with the expected holding period. This risk 

is the risk of incurring opportunity costs, for instance the aforementioned possibility that rising 

interest rates will lead new issues with equal terms of the bond that the investor currently holds to 

pay larger coupons. In essence, holding period risk captures the risk that an opportunity will arise 

during the holding period that the investor is forced to forgo because of the position already taken 

as well as the risk that one or more negative factors will materialize, affecting the investment 

negatively. 

 

2.3.2 Default Risk 

The formula for bond yields given above is simplified, resting on the assumption that payments are 

not risky. In this case, as the schedule and size of coupons as well as the time to maturity are fixed, 

all else equal, and shifts in the yield curve are the only sources that may impact bond prices and 

thus, yields. In practice, however, payments are, albeit to varying degrees, never risk-free; there is 

always a chance that the payment will not be honoured, and the probability of such event has a 

significant impact in bond prices. 

Also known as credit risk, default risk is the risk that the issuer will default on its 

obligations and not service debt payments and/or live up to contractual obligations. For the 

investor, this is the risk of losing financial rewards and or principal, in full or possibly with some 

recovery rate below 100%. Any factor that has a negative influence on the company’s financial 

position in terms of its ability to pay or live up to contractual obligations will increase the default 

risk, driving up bond yields. 

In order to assess the credit risk associated with a given bond, investors may look to its 

credit ratings. There exist several rating agencies of which Moody’s, Standard & Poor’s and Fitch 

are the most recognized. These agencies publish ratings on issuer and instrument level for a wide 

range of issuers, from countries to small corporates. The rating methodologies are complex and 

refined and lead to the allocation of a certain rating and outlook, place the rated asset into a category 

signifying the assessed probability of default of the issuer or the instrument. The lower the credit 

rating, the higher the credit risk. For a thorough evaluation of an issuer’s credit risk, investors 

should also take into account an own assessment of the issuer’s financial health, considering factors 

such as gearing, interest coverage ratios etc., and business outlook, considering both company, 

industry and market factors and developments in these. 
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Components of credit risk are the probability of default, the loss given default and the 

migration risk, of which the former two are reflected in credit ratings. Migration risk is the risk that 

the credit profile of the issuer will deteriorate, leading to a rating downgrade and in a surge in the 

yields of the bonds issued, though not necessarily in that order; often downgrades are anticipated 

by the market beforehand and thus, yields have already adjusted. Regardless, the migration risk is 

an important component of credit risk. 

The amount of credit risk is negligible for government bonds, at least those issued by the 

governments of developed countries in Western and Northern Europe and North America. Thus, 

many government bonds are considered practically default-free and consequently rewarded with a 

very high rating, AA or AAA, although notable exceptions exist, e.g., Greek, Turkish or, for 

instance, Argentinian government bonds. Corporate bonds, contrarily, will to varying extents 

exhibit credit risk. Particularly for high yield bonds, issues rated BB or lower, credit spreads, i.e., 

the difference in yields of a given corporate bond to bond which is, in practice, default-free and 

otherwise shares the same characteristics of the corporate bond in terms of coupon and maturity, 

are significant. 

While credit rating is a common proxy of credit risk, several other proxies can be applied 

as well. Interest coverage ratios, gearing measures and equity volatility are other control variables 

often used to control for the level of credit risk, but for this paper, aligning the method to that used 

by other authors (see section 3) credit rating is the proxy of choice. 

 

2.3.3 Liquidity Risk 

A final important risk to note is that of liquidity. Liquidity varies significantly across time as, e.g., 

Dick-Nielsen et al. (2012) have shown. In times of market-wide economic distress, bond markets 

tend to freeze up, leading to diminishing liquidity. However, liquidity risk is not just systematic, 

indeed the cross-sectional variation in the liquidity of individual is also present and substantial and 

thus, liquidity constitutes a significant bond-specific risk. 

The liquidity of a bond is defined as the ease with which it can readily be bought and 

sold at a fair price, i.e., one that closely matches market prices of bonds with similar risk levels. A 

thin market for a given bond has the consequence that the investor might not be able to divest when 

he or she wishes to, at least not at a fair price. This inconvenience requires compensation, which is 

why illiquid bonds should be expected to trade at higher yields than their liquid peers. Obviously, 

liquidity depends on bond-specific characteristics such as the size and age of the individual issue, 
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factors which could, therefore, be used to for the liquidity of a given bond. In practice, however, 

investors and academics usually apply trading activity and price measures of varying sophistication 

when proxying bond liquidity. These can be grouped into high-frequency measures that take 

advantage of the availability of intraday date from the enhanced Trade Reporting and Compliance 

Engine and low-frequency measures. Among the latter are measures such as trading volume and 

percentage bid-ask spreads, of which the latter is the one to be applied in this study and, 

furthermore, among the most frequently applied proxies of liquidity. 

 

2.3.4 The Role of Maturity and other Risk Factors 

Bond yields depend on both market risks and issuer- and bond-specific risks, most of which 

amplified as the time to maturity increases. Regarding market risk, the impact of a negative 

development in interest rates will be larger for longer maturities. Additionally, the longer the time 

to maturity, the larger the risk that an unfavourable factor will occur, either in terms of negative 

market development or a decline in the issuer’s credit quality. As such, yields tend to increase in 

maturity, all else equal. 

Considering other bonds, e.g., callable or convertible bonds, more risks materialize. For 

instance, a callable bond is associated with reinvestment risk, a risk of which the magnitude shifts 

with changes in interest rates, and a convertible bond contains equity risk. On the other hand, 

interest rate risk is minor for floating-rate bonds. This creates an even more complex picture of the 

risk universe, which is also why this study considers fixed-rate bullet bonds only. 

 

3 Literature Review 

This section is dedicated to a review of relevant extant literature, which seeks to guide the 

development of the two key hypotheses to be explored in this study. It covers both theoretical 

literature and empirical studies on SRI. Section 2.1 reviews a selection of the many studies of the 

relation between ESG factors and equity returns. It covers both ends of the ESG spectrum, on one 

hand stock of companies with high ESG scores and on the other the so-called sin stocks, and 

accounts for the main and most cited results. Like the vast majority of the empirical literature on 

the topic of ESG and asset pricing, these studies are concerned with the equity market reaction to 

ESG factors. Only few studies have explored the effect of ESG performance on fixed-income 

securities. Thus, section 2.2 is dedicated to the niche of studies more closely comparable to this, 
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studies on the pricing of green bonds. The section includes studies on both primary and secondary 

market pricing, studies that apply a relatively wide range of estimation approaches when it comes 

to the determination of the greenium. Finally, section 2.3 explores the possible consequences of 

the heterogeneity of green bonds, drawing heavily upon related literature concerned with general 

SRI. It presents the key results of studies on the value of external assurance of firms’ reporting on 

ESG performance and on the effect of external reviews on green bond pricing. 

 

3.1 ESG and Asset Pricing 

A large part of the literature on SRI consist of asset pricing studies of which the vast majority are 

studies on the link between ESG factors and stock prices. “The price of sin: The effects of social 

norms on markets”, an article in which Hong and Kacperczyk (2009) test the hypothesis that social 

norms motivate the exclusion of certain stocks from the portfolios of many, large, investors, who 

consequently sacrifice financial return, is arguably among the most cited studies within this 

category. Based a large sample consisting of monthly returns of the 193 sin stocks1 traded on U.S. 

stock exchanges in 1926-2006, the authors find evidence that sin stocks are indeed associated with 

a significant outperformance amounting to about 3.5% per year. Adding further support to their 

hypothesis, and providing an explanation for this outperformance, Hong and Kacperczyk (2009) 

document that sin stocks are held less by norm-constricted institutional investors such as pension 

funds than by so-called natural arbitrageurs, hedge funds and non-constrained mutual funds, and 

that the analyst coverage of sin stocks is below that of otherwise comparable stocks. 

Another strand of the literature takes the opposite approach; instead of examining 

whether sin stocks outperform the broad market, academics test whether SRI strategies, such as 

using positive or negative ESG screening to form a portfolio with a superior ESG profile compared 

to that of a non-screened benchmark portfolio, leads to returns that differ significantly from the 

benchmark. Focusing on U.S. stocks included in S&P 500 and the Domini 400 Social Index in the 

period of 1992-2004, Kempf and Osthoff (2007) form long-short value-weighted portfolios based 

on MSCI (formerly KLD) ESG ratings. Kempf and Osthoff (2007) find that is not possible to 

achieve significant abnormal returns through negative screening, i.e., exclusion, a result at large 

aligned with that of Hong and Kacperczyk (2009), although Kempf and Osthoff (2007) do not find 

significance. Screening portfolios on the basis of a positive or a best-in-class approach, however, 

 
1 Hong and Kacperczyk (2009) defines a sin stock as the stock of a company operating in the tobacco, alcohol, or 
gaming industry. 
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leads to significant positive abnormal returns of about 5% per year. While able to confirm the 

results of Kempf and Osthoff (2007) for the period from 1992 and up until the first part of 2004, 

Borgers et al. (2013) find that the positive relation between ESG performance vanished thereafter 

and suggest that its disappearance is driven by the increased investor attention to ESG.  

In conclusion, the findings on the relation between ESG and equity returns are mixed, 

and researchers have not come much closer to reaching consensus over the past few years during 

which the growth of SRI has undoubtedly happened in an even higher pace. 

Conducting an event study of shareholder reaction to company news related to 

environment, Flammer (2013) finds evidence that news on environmentally responsible behaviour 

is followed by an increase in stock price and, conversely, news that a firm has behaved 

irresponsibly leads a price decrease. The author argues that companies face an external pressure to 

behave responsibly, a pressure which has increased over the decades covered by the sample, which 

consist of all U.S. firms publicly traded within the period of 1980 to 2009. This, according to 

Flammer (2013), explains why the shareholder reaction to news of irresponsible behaviour has 

become more pronounced and the reaction to responsible behaviour smaller: “The more that 

becoming green is institutionalized as the norm, the more that eco-harmful behaviour has a negative 

effect on perceptions of a firm, because firms are punished for not following the norm.” (Flammer, 

2013, p. 771). 

Oikonomou et al. (2014) criticize the literature examining the effect of social 

responsibility performance on risk-adjusted measures of firm financial performance. The authors 

point out that such view on the value creation achieved from CSR initiatives does not recognize 

the fact that socially responsible behaviour can also serve an important risk management purpose. 

This leads the authors to investigate the link between social performance and risk in the credit 

market. Oikonomou et al. (2014) find that higher levels of corporate social performance are 

correlated with lower credit spreads; it seems that social performance is an important determinant 

of the risk premium on corporate debt and thus, on firms’ cost of debt capital. The authors find an 

even stronger relationship between social performance and credit ratings, and they furthermore 

show how “bond market participants who apply SRI principles tend to adhere to the academic 

consensus suggesting that the financial benefits produced from CSP [corporate social performance] 

accrue mainly in the long run as the link between CSP and yield spreads is more significantly 

negative for longer maturity bonds” (Oikonomou et al., 2014, p. 73). Bauer and Hann (2010) 

conducted a similar study focusing on environmental strengths and concerns only. For their sample 
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of U.S. firms, covering the period from 1993 through 2006, the authors report evidence that credit 

risk is affected by the firm’s environmental management. In particular, the cost of debt is shown to 

increase in environmental concerns and decrease in strengths. On the other hand, while the authors 

find evidence that environmental concerns are correlated with lower credit ratings and strengths 

correlated with higher credit ratings, the link between strengths and ratings, especially on issuer 

level, is much weaker. This, the authors suggest, indicates that credit rating agencies do not, or, at 

least did not at that point in time, fully account for the reduction of credit risk associated with 

superior environmental management (Bauer & Hann, 2010, p. 16). 

The proposed explanations as to why ESG factors may lead to either superior or, as Hong 

and Kacperczyk (2009) found, inferior returns can generally be placed into two categories. One 

category of explanations refers to the effects of ESG on firm value, based on either or both of the 

viewpoints that ESG attentiveness can increase profits and enhance risk management, while the 

second type of explanations is founded in preferences. The construction of this study effectively 

separates firm value effects from effects related to investor preferences, looking at the latter in 

isolation. However, placing the results presented in section 5 a theoretical context, the discussion 

in section 6 will return to a recently developed theory, which offers an asset pricing model that 

acknowledges both effects. 

 

3.2 Studies on the Pricing of Green Bonds 

Mentioned above is only a small share of the vast amount of literature, theoretical as well as 

empirical, on SRI. The empirical literature on the pricing of green bonds versus conventional bonds 

is a subcategory of the large field of literature examining pricing differentials between socially 

responsible financial instruments and conventional financial instruments. That does not imply that 

it is in itself very focused and contained, however; first, some studies consider primary market 

pricing while others, like this study, is concerned with the pricing of green bonds in the secondary 

market. Second, the studies apply widely different methodologies to answer the overall question 

of whether or not there is evidence a green bond premium, methodologies for which the 

sophistication varies significantly. Several organisations, investment banks and the like havee 

published reports on green bond pricing in both the primary and secondary market (see, e.g., CBIs 

semi-annual reports on green bond pricing in the primary market (CBI, n.d.b)), however, this 

section includes studies from the academic literature only. 
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3.2.1 Studies of Primary Market Pricing 

Baker et al. (2018) investigate the primary market pricing and the ownership patterns of U.S. green 

bonds issued from 2010 through 2016. Contrary to the majority of the empirical literature, the 

authors decide to focus on municipal rather than corporate and/or government bonds, thereby 

allowing for a much larger sample size. Baker et al. (2018) regress the post-tax issuance yields of 

2,083 green and 643,299 conventional bonds on an indicator variable for bonds with a Bloomberg 

green bond tag and on a large number of control variables, their interaction effects and issuer fixed 

effects. Depending on the exact specification of the regression model, the authors estimate a green 

bond premium at issuance of -5 to -7 basis points (bps). In addition to the evidence of lower post-

tax issuance yields, the authors also conclude that green bonds exhibit a higher ownership 

concentration. As the authors state, “Overall, the most natural explanation is that a subset of 

investors is willing to sacrifice some return to hold green bonds, which is consistent with other 

findings in the SRI literature.” (Baker et al., 2018, p. 32). 

Like Baker et al. (2018), Fatica et al. (2019) study pricing at issuance and in a framework 

very similar to that of the aforementioned study. Apart from these similarities, the focal point of 

Fatica et al. (2019) is quite different; the authors study bonds issued by supranational institutions 

and financial and non-financial corporations rather than municipal or government bonds, 

emphasising the apparent differences in primary market pricing across sectors. The authors find 

evidence that supranationals and non-financial companies are able to issue green bonds at a 

negative premium, while the estimated overall greenium is, albeit negative, non-significant. The 

cause is that the financial green bonds are associated with a positive, though not significant, 

premium. Fatica et al. (2019) hypothesize that this might be the result of investors’ difficulties in 

establishing the link between bond proceeds and green projects financed when the issuer is a 

financial corporation. For non-financial corporations, it is far easier to provide a detailed 

description of the use of proceeds and to report on the matter throughout the lifetime of the bond. 

Consequently, Fatica et al. (2019) argue, compared to supranationals and non-financial 

corporations, financial issuers do not possess equal opportunities when it comes to the reduction 

of informational asymmetries. 

 

3.2.2 Studies of Secondary Market Pricing 

Turning to the pricing of green bonds in the secondary market, the study of Zerbib (2019) is among 

the most cited publications. Aiming to answer the question of whether pro-environmental 
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preferences translate into bond market prices, Zerbib (2019) collects a sample of green bonds 

issued on or before 31 December 2017. Deciding on a model-free approach, Zerbib (2019) matches 

each green bond to two conventional bonds with similar properties as that of the green bond except 

for use of proceeds. From the two conventional bonds, Zerbib (2019) constructs a synthetic 

conventional bond with a maturity equal to that of the green bond, enabling a calculation of the 

yield spread between the green and the conventional bond. In order to control for any residual 

liquidity mismatch, Zerbib (2019) estimates for each green bond a bond-specific greenium through 

a fixed effect panel regression of yield spreads on differences in bid-ask spreads between the green 

and the synthetic conventional bond. For the full sample, which spans the period of July 2013 to 

December 2017 and includes 110 matched pairs, the author reports a mean and a median value of 

the green bond premia equal to -1.76bps and -1.04bps. Zerbib (2019) presents evidence that the 

greenium seems to fade as credit quality increases, just as has previously been shown to be the case 

for the liquidity premium, and further reports a greater negative premium for financial issues. The 

latter is contrary to the findings of Fatica et al. (2019), although a direct comparison cannot be 

made since the two publications consider different markets. 

Apart from the differences in the sample universe, this study includes bond yields up 

until December 2019 while not excluding any other government-related issues than those of 

development banks, the methodological approach of this study is very similar to Zerbib (2019). 

Furthermore, the differing results on the cross-sectional variation on the greenium, in particular, 

whether the greenium appears to be smaller or larger for financial issuers, an empirical question 

which Fatica et al. (2019) and Zerbib (2019) and Hachenberg and Shiereck (2018) disagree on, 

motivates this study’s look into the sector effects. 

Hachenberg and Schiereck (2018) take inspiration from the first version of the study of 

Zerbib (2019) and use a similar sampling and matching methodology though restricting their 

sample to span a much shorter time horizon, namely that of 1 October 2015 to 31 March 2016. In 

combination with the requirement that data must be available for the entire period for both the 

green bond and the two non-green bonds matched to it, this leads to a sample limited to 63 matched 

pairs. Using this sample, the authors test their main hypothesis that green bonds trade tighter than 

non-green bonds along with the secondary hypotheses that the pricing differential is larger for 

lower-rated bonds and that it varies across industries. 

In contrast to this study and that of Zerbib (2019), Hachenberg and Schiereck (2018) 

focus on i-spreads, the difference in yield and the interpolated swap rate for the particular maturity 
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and currency, rather than yields. This leaves them looking at the credit part of the yield only 

(Hachenberg & Schiereck, 2018). In the end, it should, however, not set their results apart from 

those of Zerbib (2019) as the differential in yield should be equal to the differential in i-spread.2 

Indeed, the results of the two studies are similar. While Zerbib (2019) reports a statistically 

significant greenium, its value is negligible. As the author states, “the premium is still low enough 

not to demonstrate any substantial valuation discrepancy between green and conventional bonds or 

to dissuade investors from supporting the development of the green bond market.” (Zerbib, 2019, 

p. 51). Hachenberg and Schiereck (2018), on the other hand, do not find the estimated greenium in 

their overall sample, equal to -1.18bps, to be statistically significant. However, when subdividing 

their sample on assigned rating, the authors find that AA, A and BBB rated green bonds all trade 

economically tighter than conventional counterparts, with the average i-spread differential of 

3.88bps being statistically significant. Contrarily, green bonds with a AAA rating trade marginally 

wider than AAA rated conventional bonds. Similar to the conclusion of Zerbib (2019), Hachenberg 

and Schiereck (2018) present evidence of differences across sectors, namely the pattern that the 

financial issues tend to display a larger negative greenium. 

These findings are similar to those of the majority of the extant academic literature and 

of the reports published. The size of the greenium in the secondary market appears to be very small 

and the evidence of market imbalance provided by its existence consequently very weak. 

Interestingly, one might be able to use the findings to draw an almost opposing conclusion: that the 

green bond market may very well have reached a relatively high level of maturity already at this 

point in time. Additionally, a similar argument is put forward by Wulandari et al. (2018), who 

support this argument by providing evidence of a vanishing impact of liquidity risk on the yield 

spread of green bonds. 

 

 

3.3 The Heterogeneity of SRI and the Value of Disclosure 

3.3.1 Literature on Heterogeneity 

A thorough account for the seeming heterogeneity of SRI on four different levels, terminological, 

definitional, strategic and practical is given in Sandberg et al. (2009). The authors find that albeit 

there seems to be reasonable agreement on the definitional level, heterogeneity is significant on the 

three other levels. An interesting new insight provided by the paper is that practitioners do not 

 
2 This relies on the assumption of linearity of the swap curve over the interpolation period. 
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consider themselves hindered by the heterogeneity; the criticism of the lack of clarity in aims and 

terminology comes mainly from academics. Sandberg et al. (2009) also deal with the question of 

whether or not standardisation of the concept of SRI, if at all possible, to achieve, is even desirable. 

Many academics have called for standardisation, with one of the reasons quoted for its necessity 

being the purpose of mainstreaming SRI. According to the EU Technical Expert Group on 

Sustainable Finance (EU TEG), the two main concerns of the market are the definition of what is 

green and the varying quality and extent of external reviews, and the EU TEG is convinced that 

these issues will be addressed substantially by an EU-GBS.  Furthermore, Cochu et al. (2016) 

expect that the benefits of introducing such a harmonized framework for green bonds will more 

than outweigh the costs in terms of market development. This position is questioned by Sandberg 

et al. (2009) who conclude that although academics might benefit from standardisation in terms of 

achieving more homogeneity in future research on the topic, it is not obviously desirable to employ 

a clear-cut set of boundaries for SRI when it comes to the purpose of better integration of its type 

of concerns into mainstream practices. 

“We certainly believe the goal of mainstreaming SRI is desirable and important. The 

question is, however, if this necessitates standardisation and homogeneity. Perhaps, we 

suggest, it does not. According to Baue, the mainstreaming of SRI could be understood 

as comprising “both the top-down adoption of SRI strategies by mainstream investment 

firms as well as the bottom-up growth of traditional SRI into the mainstream” (2005, p. 

1).” 

(Sandberg et al., 2009, p. 528) 

 

3.3.2 The Value of Disclosure 

That SRI professionals in the form of asset managers feel at ease at the current level of 

homogeneity, or the lack of it, does not necessarily imply that investors and issuers are of the same 

opinion. As Höchstädter and Scheck (2015) explain in their analysis of impact investing, 

heterogeneity may jeopardize the credibility of the concept, be that impact investing, SRI or green 

bonds. Further, it could lead to greenwashing and hinder market growth, according to the authors 

who support their arguments with several related academic studies. Thus, Höchstädter and Scheck 

(2015) acknowledge and agree with the criticism mentioned but downplayed by Sandberg et al. 

(2009).  
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If the conclusions drawn by the academics hold, market imperfections may be more 

severe than what the EU TEG see. Although the call for the development of EU-GBS is at large 

prompted by the uncertainty faced by market participants, the growth of the green bond market 

testifies to the conclusion that it has not led to a serious market failure. Contrarily, the apparent 

imbalance in demand and supply of green bonds indicates that certain important barriers to further 

development, i.e., the mainstreaming mentioned in Sandberg et al. (2009). 

While the development of sophisticated and credible standards might aid in overcoming 

these barriers, this concerns a change in market structure. For the individual issuer wishing to enter 

the green bond market, or take bring additional green issues to the market, at the current state of 

the market, which is taken as given, other issues are of greater interest. The aforementioned 

uncertainty is derived from imperfect information, which is present on more than one level in the 

green bond market. According to the EU TEG (2019), issuers are reluctant to bring green bonds to 

the market as they are not aware of what the market perceives as green. At the same time, investors 

face information asymmetries as the reporting and disclosure on greenness is limited to what is 

published by the issuer, information of which the credibility might be questioned by the investor 

as there is no regulation and legislation into place, ensuring that mislabelling is punished. To 

comprehend the consequences of such informational asymmetry on the pricing of and the market 

for green bonds, it is necessary to look into the theories of informational asymmetry and asset 

pricing. This will be provided in the following section. 

 

3.3.3 Informational Asymmetries 

A common feature of most modern asset pricing theories is that they build on a range of 

assumptions, all not equally realistic. In particular, the assumption of perfect information is 

problematic for this study, as investors, as noted above, will often have to rely on a limited amount 

of information regarding the “greenness” of a green bond. In addition to this information 

asymmetry, the lack of overall agreement of what constitutes “green”, and consequently also the 

absence of a penalty for mislabelling, jeopardizes the credibility of green bonds and the green bond 

market as a whole. These market characteristics are challenging for both investors and issuers and 

they threaten to hamper the growth of the green bond market. 

Drawing reference to the used cars market, Akerlof (1970) was the first to capture the 

very essence of the problem, pointing to the key issue that products of bad quality will drive good 

quality items out of the market unless buyers are provided with a means of distinguishing good 
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from bad. In the extreme case, asymmetric information could in theory effectively shut down 

trading of the good in question. A crucial consequence of the model derived by Akerlof (1970) is 

that the risk, and thus, the cost, of asymmetric information is borne by the seller, which in the 

terminology of this study is the issuer. While not much attention is given to the measures which 

may be taken to mitigate the problem, Akerlof does mention that “numerous institutions arise to 

counteract the effects of quality uncertainty” (Akerlof, 1970, p. 499). Guarantees and licensing 

practices are among those mentioned by Akerlof himself, along with the value of brand name, but 

more important for this particular topic is the effect of signalling efforts, first introduced by Spence 

(1973). Signalling is a powerful tool that may reduce informational asymmetries significantly, a 

reduction that relies heavily on the perceived credibility of that very signal, however. 

With the purpose of this paper being to explore whether the valuation of green bonds 

differs from that of their conventional counterparts, it is a key question whether investors trust that 

green bonds are in fact as green as the issuers claim. Thorough reporting on and disclosure of the 

use of proceeds can mitigate the amount of asymmetric information between issuer and investor, 

but this relies on whether the latter considers the quality of this signal sufficient. In their review of 

the literature on corporate (financial) disclosure, Healy and Palepu (2001) find that there is 

evidence that regulated disclosure provides investors with valuable information. When disclosure 

is voluntary, however, it might not be perceived as equally credible and thus be of lower value to 

investors, according to the authors who introduce third-party-assurance as a means for enhancing 

the credibility, and consequently, value, of voluntary disclosures (Healy & Palepu, 2001, p. 425). 

The result is a market-driven demand for auditing services, although, as the authors note, incentive 

conflicts imply that auditors cannot be considered perfect intermediaries. Another key finding is 

that disclosure is associated with stock price performance, bid-ask spreads, analysts’ followings 

and institutional ownership (Healy & Palepu, 2001, p. 431). 

Given the question posed above, whether investors generally consider voluntarily 

provided information on the green bond framework as a reliable signal of the credibility of the 

green credentials, the most important insight provided is, however, not those listed above, rather it 

is that on the credibility of voluntary disclosure. Measurement issues complicate studies of this 

particular topic and thus puts a limit to the power of the conclusions drawn by the authors. That 

aside, evidence indicate that voluntary disclosure of financial information is considered credible 

by investors, a credibility which declines, however, for the financially distressed firms (Healy & 

Palepu, 2001, p. 426). 
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Although the article concerns the effect of financial disclosure, it is reasonable to draw 

reference to the findings when considering non-financial disclosure as well. Given that the type of 

information provided in these kinds of disclosures is in many cases harder to verify, assurance by 

third-party intermediaries, one of the two mechanisms available for enhancing the credibility of 

voluntary disclosures noted by Healy and Palepu (2001, p. 425), might just become even more 

important. The theories of informational asymmetry and the effectiveness of signalling in reducing 

these motivates the look into the effects of third-party assurance of green bonds. In particular, 

considering the importance of the quality of the signal, it is relevant to investigate several different 

options of signalling credibility of the green credentials. One can look to both issuer- and issue-

level types of assurance. Further, it may be interesting to investigate if some signals are more 

efficient than others, as the various types of assurance of the greenness of the issues are 

hypothesized to be of varying strength, where strong assurance is understood as CBI certification 

and weak assurance as the verification or green bond audit that may be provided by any third-party. 

 

3.3.4 The Value of Non-financial Disclosure 

While Healy and Palepu (2001) considered financial disclosure exclusively, the most recent decade 

has brought studies concerned with non-financial disclosure and, importantly, the inception of a 

strand of theoretical literature on the topic. Among the latter are Bagnoli and Watts (2017), who 

note, citing a KPMG study, that although CSR reporting is not required by the American 

authorities, the vast majority of U.S. companies choose to report on their socially responsible 

activities. Of the 2013-sample collected by KPMG, 86% of the firms engaged in CSR reporting, 

while 23% decided to support their CSR reports through external assurance. Based on natural 

informational asymmetries quite similar to those that characterize the green bond market, Bagnoli 

and Watts (2017) develop a signalling model that explains the emergence of a demand for external 

assurance. The driver of the demand is the fact that the assurance provides the responsible firm 

with the opportunity to use their CSR report as a means of distinguishing themselves from less 

responsible firms. As such, the responsible firm will, given that assurance is not too costly, acquire 

assurance and choose a separating equilibrium over the pooling equilibrium3. 

An important remark of Bagnoli and Watts (2017) is that the quality of assurance that 

can be obtained for CSR reports varies remarkably, a variation also evident for the types of 

 
3 The Bagnoli and Watts (2017) model rests on the assumption that there are positive payoffs to be made in the 
separating equilibrium compared to in the pooling equilibrium. 
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assurance that can be acquired for green bond credentials, as was explained in section 2.2. The 

authors show how firms acquire assurance of the quality needed to sustain the separating 

equilibrium, and that the quality required for the equilibrium to hold increases in the monitoring 

by social activists and in the responsiveness to the firm’s socially responsible activities of the 

report’s audience (consisting of investors, creditors, consumers, employees, supply chain partners, 

etc.). Regarding the quality of assurance, Bagnoli and Watts (2017) relate this not only to the extent, 

depth and breadth, of the assurance report but also to the reputation of the assurer itself. 

In addition to the rather limited theoretical literature on CSR assurance within which 

Bagnoli and Watts (2017) is placed, the empirical studies are many, with most being focused on 

the response in the equity market to firms’ issuance of CSR reports. This, Dhaliwal et al. (2011) 

find to be positive; according to the authors, the initiation of CSR reporting is correlated with a 

subsequent reduction in the firm’s cost of equity capital. Additionally, provided that the firm 

exhibits superior performance in terms of social responsibility, engaging in reporting on the matter 

attracts institutional investors and increases analyst coverage. Building on the discovery that 

initiating CSR reporting appears to reduce a firm’s cost of equity capital, Casey and Grenier (2015) 

investigate whether or not independent assurance of a firm’s CSR report results in a lower cost of 

equity capital compared to the case in which the firm decides not to acquire third-party-assurance. 

Casey and Grenier (2015), find that, for their sample of U.S. firms, assurance of a firm’s CSR 

report is associated with a lower cost of equity capital and lower analyst forecast errors and 

dispersion. Additionally, when the assurance is provided by an accounting firm, the authors find 

the effect to be significantly more pronounced. 

Bridging the gap between the studies on the value of external reviews of firms’ CSR 

reports and those of green bond pricing, Bachelet et al. (2019) investigate whether external 

verification has implications for the pricing differential between green and conventional bonds 

using a matching scheme similar to that of, e.g., Zerbib (2019) and Hachenberg and Schiereck 

(2018). Contrary to the majority of the extant literature on green bond pricing, Bachelet et al. (2019) 

find evidence that there is an overall positive premium in the secondary market. Through 

decomposition of their sample on institutional versus private-sector issuers and on verified versus 

non-verified issues, the authors reach the conclusion that while institutional green bonds as a group 

exhibit a negative premium, the existence of a negative green bond premium for the bonds issued 

by private-sector issuers relies on external verification. Though the market explored is different 

and the method used to investigate the hypothesis equally so, the results of Bachelet et al. (2019) 
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are in line with those of Baker et al. (2018). In the working paper of Baker et al. (2018), introduced 

in section 3.2, the authors include, in addition to the green bond dummy variable, a dummy for CBI 

certification. Combining the coefficient estimates for these two dummies across the models, the 

authors report that certified municipal green bonds are priced at a further yield discount at issuance 

compared to non-certified green bonds, a discount that, depending on model specification, ranges 

from negative 16-26bps when compared to conventional municipal bonds. Fatica et al. (2019) 

similarly find evidence of a larger negative premium for the externally assured green bonds issued 

by non-financial corporations, while there seems to be no effect of assurance for financial issuers. 

The two studies therefore both provide evidence that assurance is valuable not only in the general 

field of SRI but in the green bond market too. 

Whether the cross-sectional variation in the greenium can be explained through 

differences in the perceived credibility of the green credentials of the green bonds is also to be 

investigated in this study. Here, both the aforementioned issue-level measures and an issuer-level 

measure in terms of ESG rating, which Hachenberg and Schiereck (2018) investigated, will be 

applied.  

 

3.4 Hypotheses 

The review of the extant literature leads to the formation of two key hypotheses, which will guide 

the empirical analysis in the purpose of shedding light on the pricing of green bonds and how it 

differs from conventional bond pricing. These are as follows:  

 

Hypothesis 1: A negative greenium, a difference in the pricing of otherwise similar green and 

conventional bonds, is present in the secondary market for corporate, financial as well as non-

financial, and development bank bonds. 
 

Hypothesis 2: The size and statistical significance of the greenium varies in the cross-section, a 

variation which, to some extent, can be explained by certain issue and issuer level characteristics; 

• Hypothesis 2.1: The greenium varies across sectors: In particular, it is less negative for 

financial issues than for development bank and non-financial corporate issues. 

• Hypothesis 2.2: The greenium is larger for green bonds for which the issuer succeeds in 

sending a signal that reduces the informational asymmetry, thereby allowing the issuer to 
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separate the bond in question from green bonds for which there are doubts on the credibility 

of the green credentials. 
 

4 Empirical Framework and Methodology 

Provided with two main hypotheses, this section develops the empirical framework necessary for 

their investigation. In order to enable a theoretically correct inference of the greenium, it is 

important to ensure a thorough control of all other possible sources of yield differences between 

the green and the conventional bonds. As accounted for in section 2.3, the risk factors in bond 

pricing are many and dispersed, a fact which makes an exhaustive control of differing risk levels 

through an OLS regression cumbersome. Therefore, this is rooted in a model-free approach along 

the lines of Zerbib (2019). What this choice entails and how it compares to the OLS regression 

framework of, e.g., Baker et al. (2018), is described in further detail in section 4.1. The subsections 

that follow account for the sampling strategy and the practical implementation of the matching 

procedure. Finally, section 4.4 explains how the greenium is estimated via a fixed-effect panel 

regression and how OLS regressions are subsequently applied to the bond-specific greenium 

estimates in order to test the second of the two key hypotheses. 

 

4.1 The Model-Free Approach 

As noted, previous studies on the green bond premium have employed a range of different 

estimation methodologies. The majority of the non-academic studies are based on a simple 

comparison of yields or spreads, while the academic papers tend to apply more sophisticated 

methods. The simpler comparisons are made between either a sample of green bonds to a sample 

of non-green bonds from the same issuer or industry, issued at the same level of seniority, and at 

dates not too far apart, or between green bond indices and conventional bond indices. An example 

of the use of the former method is the semi-annual pricing reports of the CBI. A third approach is 

the comparison of average yield at issuance of green bonds for a given period to the average 

issuance yield of conventional bonds over the same period. 

The more sophisticated methods for the estimation of the green bond premium that are 

common within the academic literature are expected to yield more accurate estimates, as they all 

contain additional steps that control for possible sources of noise in the form of impacts of risk 

factors like the ones addressed in section 2.3. Some authors decide to run an OLS regression of 
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yields, or yield spreads, for a sample including both green and conventional bonds, using a varying 

number of regressors to proxy for bond- and issuer-specific characteristics that have been shown 

to influence bond yields. Included as a regressor is a binary variable for greenness for which the 

coefficient estimate is then interpreted as being the green bond premium. Baker et al. (2018) and 

Fatica et al. (2019) position themselves among these studies. 

Not only are the determinants of bond yields, as accounted for in section 2.3, many, there 

may also be significant interaction effects and the importance of a given factor may vary with 

values of other factors. Thus, the validity of the results from a regression in which the green bond 

premium is attempted isolated from market risk, credit risk, liquidity risk, etc., relies on the 

specification of the regression model. Such model must contain all proxies of risk factors needed 

to exhaustively control for all risk factors explaining bond yields. At the same time, the robustness 

of the specification is crucial. 

Using a small, albeit carefully selected, number of regressors serving as proxies for 

complex risk factors is questionable, as it imposes a significant risk of omitted variable bias, 

leading to a possibility of a biased estimate of the green bond premium. On the other hand, 

including a very large number of covariates might lead to multicollinearity, which introduces bias 

in the standard errors of the estimate, rendering tests of statistical significance of the estimate 

misleading. 

The model-free approach is another popular method for the purpose of estimating a green 

bond premium. As can be inferred from the name of the method, it allows the researcher to explore 

the effect of a factor of interest without imposing any specific pricing model. Thus, it has become 

a popular method for conducting comparative studies of intrinsic values of specialized financial 

instruments (Zerbib, 2019, p. 42). The recipe is simple: construct a data set of matched pairs of 

securities. The match must be as close as possible, such that the only characteristic that differs 

within each matched pair is that of interest to the study, in this case, greenness. Between the 

matched pairs, on the other hand, no restrictions need to be imposed. Within such data set, any 

significant difference between securities that carry the specific characteristic of interest and its 

match can be interpreted as the effect of the characteristic. 

The benefit of the model-free approach as compared to the OLS regression is that the 

risk of omitted variable bias is effectively mitigated. Considering that the purpose of this thesis is 

to determine whether there is evidence of a greenium, defined as a difference in yields related to 
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the green characteristic, it is absolutely crucial that the estimate is not biased, and so, the model-

free approach is the method chosen.  

 

4.2 The Green Bond Sample 

In advance to the sampling process, it is necessary to decide on the definition of green bonds that 

is to be applied in this study. As previously accounted for, there is no universal agreement on the 

criteria that defines a green bond. In absence of such definition, it is decided to adhere to one of 

the most widely accepted standards, and use the ICMA GBP as the foundation for defining the 

green bond universe. That the major data provider Bloomberg rests its tagging procedure for green 

bonds on this particular framework supports the notion that the ICMA GBP are well-recognised 

for this purpose. As noted in section 2.1, Bloomberg takes into account only the first of the four 

principles, that the use of proceeds of the issue must in full be directed to green projects and 

operations. Thus, as it is the Bloomberg tag which is the criteria for inclusion in the green bond 

sample to be collected, this paper is in practice not completely aligned with the ICMA GBP but 

only with the first principles. 

Although green bonds are issued by corporates, national, regional and multilateral 

development banks, municipals and sovereigns alike, this sample is restricted to the corporate and 

development bank issues only. Of the entire market, the number of active corporate or development 

bank bonds with a Bloomberg green instrument indicator was 1,834 as of 31 December 2019. 

As the choice of the model-free approach implies that these green bonds are each to be 

matched to conventional bonds on issuer, structure and rating, it is necessary that it is possible to 

collect data on these criteria for the bonds returned from the green bond search. Therefore, the 

requirement that the bond must carry an initial rating by at least one of the rating agencies Moody’s, 

Standard & Poor’s and Fitch is imposed. 

Further, bonds with embedded options, i.e., callable, puttable, convertible, reverse 

convertible, redeemable or exchangeable bonds along with bonds with sinking fund provisions, are 

excluded. This implies that green hybrid bonds, which have gained attention over the past years, 

are, regrettably, not included in the final sample of green bonds. However, the choice is deemed 

necessary as bond pricing increases considerably in complexity for bonds belonging to the 

excluded category as compared to those with a fixed-rate bullet structure, and equivalently, so does 

the matching process. A perfect match not only in the type of embedded option but also the exercise 

date, of which there may be more than one, would supposedly be impossible to find, and by setting 



Page 31 of 81 

a wider range for the match in exercise dates, one might end up with a poor match, possible biasing 

the estimate of the greenium. Further, one could hypothesise that, e.g., callable bonds were 

associated with a greenium different from that of fixed-rate bullet bonds. If that was the case, it 

would be reasonable to divide the sample into two anyway. 

Floating-rate notes are excluded, again as these are priced very differently from fixed-

rate bonds. The coupons of floating-rate notes are determined as a given reference plus a quoted 

margin and they are reset at each payment date. Thus, the payment schedule of a floating-rate note 

is fixed only for a short period, often a quarter, and the calculation of yield to maturity that is carried 

out for fixed-rate bonds is not applicable. 

The final requirement is that the green bonds must have an issue amount equivalent to at 

least EUR 300 million. This is lower than benchmark size and corresponds to the most commonly 

quoted minimum amount for corporate bonds to be included in the broader market indices provided 

by, e.g., Bloomberg Barclays. Setting a lower bound for the issue amount excludes very small 

issues, which oftentimes suffer from patchy liquidity. This is also meaningful in the sense that 

some institutional investors might be restricted from trading the smaller issues and their absence 

can in itself have a significant impact on trading patterns and volume and pricing. Furthermore, 

when sampling bonds excluded from the sample as a consequence of the restriction on issue 

amount, most cannot be paired with two conventional bonds, and thus, no sizable data loss in terms 

of the final matched pairs data set inherits from the imposed restriction. 

Exclusion of bonds not provided with an initial rating by either Moody’s, Standard & 

Poor’s or Fitch reduces the number of bonds eligible for the green bond sample to 805 from the 

full universe of 1,834 issues. Removing 295 bonds with embedded options and, subsequently, 61 

floating-rate notes narrow down the sample size to 449 bonds, while, finally, the requirement of an 

issue amount above EUR 300 million reduces that number to 254. 

 

4.3 Matching Procedure and Data Collection 

Faced with a sample of 254 green bonds, the next step is to match each green bond to a comparable 

conventional bond. It is important to ensure that the green bond is matched to a security as similar 

as possible; ideally, a comparison should be made between bonds that are perfectly identical on all 

descriptive features except for greenness. However, locating a conventional bond from the same 

issuer, with the same maturity date as the green bond, which, further, carries the same seniority, 

rating and coupon type, is of the same currency and, preferably, has an issue size and date close to 
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that of the green bond is practically impossible. One must relax one or more criteria or rely on an 

approximation. Thus, as suggested by Zerbib (2019), the choice of constructing a synthetic 

conventional bond is made. 

In order to construct a synthetic bond, each green bond must be matched to two similar 

conventional bonds, a match that must be perfect on issuer, rating and seniority and coupon type. 

Maturity date, however, is allowed to deviate, although by no more than two years in either 

direction. When two appropriate conventional bonds are found, the yield of the synthetic 

conventional bond, which is constructed as to have a maturity date equivalent to that of the green 

bonds, is calculated through linear interpolation, respectively extrapolation, of the yields of these 

bonds. 

While the two non-green bonds must have maturities that are no more than two years 

shorter or longer than the maturity of the green bonds, the criteria defining appropriate issue date 

is less restrictive. The conventional bonds must simply be issued within the time frame spanning 

the six years prior to and up until six years after the issuance of the green bond. This criterion is 

applied to avoid large liquidity mismatches within each triplet of green and conventional bonds, 

and it is accompanied by a restriction on the amount issued, which for each of the two conventional 

bonds must be no more than four times and no less than a quarter of that of the green bond. Should 

more than two conventional bonds meet all of the above criteria, the bonds included in the sample 

are those that provide the better match in maturity dates. 

A complete match on the features applied as proxies for bond liquidity is not required 

since further control for liquidity differences is performed during the regression. The issuance 

restriction is chosen based on the recommendation of Zerbib (2019), who compares the results of 

the data set that results from the use of the 12-year timespan to a data set based on more restrictive 

constraints. In addition to limiting the issue amount to half to double the green bond size and the 

issue date to being no more than two years earlier, respectively later, than that of the green bond, 

Zerbib (2019) requires that at least one conventional bond has a maturity date for which the 

difference to the maturity date of the green bond is no more than one year for the control data set. 

The estimated premia resulting from the different data sets are found to be very close to each other, 

with the differences being a by-product of a poorer match in bond maturities inherited from the 

stricter liquidity matching requirements. Zerbib (2019) therefore supports his choice of criteria with 

the notion that the stricter requirements lead to an inferior match and thus, forces the researcher to 

interpolate or extrapolate yields over longer periods on average. This, in turn, decreases the validity 
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of the synthetic bond yields, as yield curves are rarely linear, and the approximation error of the 

synthetic bond yield increases in the distance in the maturity of the bonds. In the end, imposing 

very restrictive requirements on the aforementioned liquidity proxies will theoretically imply that 

the estimate of the greenium is of lower quality. Of course, this notion rests on the assumption that 

any residual liquidity differences are properly controlled for via the regression of yields on bid-ask 

spreads.  

As the green bond sample, initially consisting of 254 bonds, includes 11 bonds set up 

twice, both as REGs and 144A, 11 issues are removed from the sample before the matching 

procedure. Further, 59 green bonds cannot be matched to a single conventional bond that complies 

with the criteria given above and for 86 bonds, it is only possible to locate one matching bond. 

Excluding these bonds leaves a sample of 98 matched pairs. 

For all 98 green and 196 conventional bonds, end-of-day yields for the period ranging 

from the first trading day of the green bond and until 31 December 2019 are collected. As this 

paper is written from an investor perspective, the yields collected are ask yields. The daily yields 

are collected using CBBT as the primary pricing source, as CBBT has the advantage of relying on 

executed trades only, whereas the other, secondary pricing source, BGN, is as based on traders’ 

indicative quotes, disregarding whether trades are in fact executed or not. If neither source, CBBT 

or BGN, returns any data, yield is reported missing. At no point is BVAL used as a pricing source, 

since this source provides model-derived yields. 

Since the aforementioned restrictions on issue date and amount intended to mitigate large 

differences in liquidity between the green and conventional bonds are to be supplemented by an 

additional liquidity control relying on the bid-ask spreads, end-of-day bid and ask prices are 

collected for too. From these, the quoted bid-ask spreads are computed for each bond at all times , 

as  

 

"3&# =
345&# − "78&#
345&# + "78&#

2

 

"3&#: Bid-ask spread of bond 7 at time , 

345&#: End-of-day ask price of bond 7 at time , 

"78&#: End-of-day ask price of bond 7 at time , 
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If for any bond triplet pricing data is missing for one or more bonds on a given day, that day will 

not, for that particular bond triplet, be included in the final data set. Post the collection of pricing 

data and control for days without complete pricing information on all three bonds of a given triplet, 

three bond triplets are found to be without any data at all. These triplets are taken out of the sample, 

which is consequently reduced to 95 triplets of green and conventional bonds. 

Following the collection of pricing data, several time-invariant bond- and issuer-specific 

characteristics are recorded in the data set in order to enable further analysis on the possible drivers 

of any evident variance in the size of the greenium across issues. For each triplet, issuer name and 

the sector to which the issuer belongs is downloaded from Bloomberg along with records of the 

rating, maturity, issue amount and currency of denomination. Only one rating is recorded, and thus, 

if a given bond is rated by more than one of the three agencies, the Bloomberg Composite rating is 

used. This is a blend of the ratings assigned by the aforementioned agencies, more specifically the 

average of the two or three existing ratings, rounded down to the lower rating in case the Bloomberg 

Composite is between two ratings. 

Furthermore, information on a number of characteristics that are expected to serve as 

signals of the credibility of the green credentials of the issue is collected and included in the data 

set, as to enable a test of hypothesis 2.2. First, it is recorded whether the issuer has acquired an 

external review of the green bond. All types of external reviews are treated as equal for this purpose 

and thus, to address the question of whether or not some types of assurance are perceived as being 

more valuable than others, the inclusion of another assurance dummy variable to the data set is 

necessary. Consequently, by conducting a match of the sample of green issues to the CBI database 

of certified climate bonds, an indicator of CBI certification is constructed and added to the data set. 

This particular type of assurance is also considered separately from other types as it is, as was 

accounted for in section 2.2, hypothesized to convey a signal of higher quality than other types of 

external reviews. 

Collected is also a supposed signal of credibility that the issuer may, intentionally or not, 

send through its overall business profile, its conduct and the nature of its operations and how these 

relate to ESG issues, in particular to the environmental pillar. This is proxied by the ESG ratings 

assigned by analytics firms RobecoSAM and Sustainalytics, who provide these ratings for a large 

number of corporations worldwide. Bloomberg records the ESG ratings of issuers, if present, and, 

notably, makes available not only the overall ESG rating but also the individual pillar scores and 

the industry rank that those scores imply. 
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The presence of an issuer ESG rating from either one of the two rating bureaus has 

previously been investigated as a possible determinant of the greenium (see Hachenberg and 

Schiereck (2018)), but the rank assigned to a given issuer has, to the author’s knowledge, not. A 

large number of companies are naturally provided with at least one of these ratings. RobecoSAM 

is the data provider for the DJSI and for the purpose of creating these indices, a large share of 

public companies around the globe are invited to participate in RobecoSAM’s annual Corporate 

Sustainability Assessment. Following their acceptance, the companies are assessed and scored. 

Additionally, Sustainalytics provides ratings both on the initiative of companies and to investors. 

Consequently, a large number of corporate and financial issuers are currently rated by at least one 

of the two agencies, and therefore it seems appropriate to argue that simply being rated might not 

be a useful signal. Instead, what could be a signal that allows for a separating equilibrium is the 

rank that the score assigned to the issuer on the environmental dimension implies. Therefore, this 

rank is collected for all issuers for which an issuer ESG rating of either RobecoSAM and 

Sustainalytics, or both, is recorded in Bloomberg.4 

Effectively creating a data set of matched pairs, the next step is to construct a synthetic 

bond for each of the 95 bond triplets. The synthetic bond yields are calculated through linear 

interpolation, respectively extrapolation in the case that the conventional bonds are both shorter or 

both longer than the green bond that they’re matched to, of the conventional bond yields. The yield 

of the synthetic conventional bond with a maturity date matching that of the green bond is given 

by  
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-:&#
'(: yield of the synthetic conventional bond 

-&#
'($*+,-#: yield of the shortest conventional bond matched to green bond 7 at time , 

 
4 Note that both RobecoSAM and Sustainalytics apply different assessment criteria for the different industries, while 
similar criteria are weighted differently across industries. Correspondingly, rankings reflect a best-in-class approach 
to SRI, a principle which is also the one followed by the DJSI. 
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-&#
'($/,.0: yield of the longest conventional bond matched to green bond 7 at time , 

=;,: years to maturity. Subscripts CB–short and CB–long refer to the maturity of the 

conventional bonds and GB to that of the green bond to which these are matched. 

 

The bid-ask spread of the synthetic bond is denoted "3> &#
'( and calculated as the maturity-

weighted average of the bid-ask spreads of the two conventional bonds,  
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with the 82 and 81 denotes the absolute differences in the maturity of each conventional bond to 

the green bond, i.e.,  
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Based on the above computations, the data set is finalised by a calculation of the differences 

between the green and synthetic conventional bond yields, respectively bid-ask spreads. These 

differences are calculated as 

 

∆-:&# = -&#
)( − -:&#
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'( 

∆-:&#: yield differential of bond “pair” 7 at time , 

-&#
)(: yield of green bond 7 at time , 

∆"3> &#: bid-ask spread differential of bond “pair” 7 at time , 

Superscripts GB and CB denote green and synthetic conventional bonds, respectively 

 

The final sample indicates contains a significant outlier. The ∆-:&,# for one financial green 

bond issued in November 2019 are all large and positive, as high as 3.024%, while the green bond 

yield is at most 0.185%. The reason is to be found in the calculation of -:&#'(: as the two conventional 

bonds have almost equal maturity dates, the difference being as little as four trading days, and the 

longer bond has lower ask yields, <&# becomes negative and rather large. When extrapolating -:&#'( 

for the synthetic bond, which has a longer maturity than the two conventional bonds, this translates 
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into a large negative yield, much lower than the yield of a risk-free investment of the same maturity 

at that time. If, instead, one was to base ∆-:&,# on bid yields, the picture would have been much 

different and would not have resulted in the bond being an outlier. This indicates that the large 

positive synthetic yield spread can be attributed to the liquidity characteristics of the conventional 

bonds matched to the green bond in question. The conventional bonds are issued far prior to the 

green bond, in 2013 and 2014 respectively, and their bid-ask spreads are very different from both 

each other and from those of the green bond. Further, the bid-ask spreads of the conventional bonds 

are much more volatile. Despite that the determination of the green bond premium through a panel 

regression which, as described in the section below, introduces an additional liquidity control, the 

skew that the sample inherits from this particular matched pair is considered so large that it is 

decided that the pair is to be excluded. The choice of excluding the one outlier reduces the final 

number of green bonds included in the sample to 94. 

 

4.4 Estimation of the Greenium and its Determinants 

The data set constructed via the matching procedure and the subsequent data collection is a 38,855-

line unbalanced panel of time series of yield differentials and differences in bid-ask spreads for 

each of the 94 bond triplets. 

In order to arrive a liquidity-controlled estimate of the greenium, a fixed-effects panel 

regression of the yield spreads on the bid-ask spreads is estimated, an estimation which results in 

94 bonds-specific greenium estimates. Section 2.3 described the main determinants of bonds yields: 

market, credit and liquidity risks. While differences in the two former sources of risk within each 

matched pair are considered if not fully eliminated then at least sufficiently reduced through the 

choice of matching criteria, within-pair differences in liquidity risk, is not properly addressed 

during the matching procedure. Although part of the liquidity mismatch may have been dealt with 

through the imposition of criteria for the maximum accepted deviations in issue amount and issue 

dates of the conventional bonds matched to the green bond, see section 4.3, this is not considered 

to be a sufficient control. Consequently, instead of simply deriving the premium for each matched 

pair as the average yield difference over time, it is decided that the premia must be estimated as the 

intercepts in the regression of liquidity differences of the matched pairs on yield differences of the 

matched pairs. 

It is necessary to estimate bond-specific premia through a fixed effects regression and 

average these in order to arrive at the overall greenium, as a direct estimation of the overall 
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greenium as the intercept of a pooled OLS regression would not yield the best linear unbiased 

efficient estimate of the greenium. This is a consequence of the suspected presence of individual 

effects not captured in the regressor, the bid-ask spread differential. If these effects, possibly related 

to the bond- or issuer-specific characteristics, which vary in the cross-section of the sample, are 

determinants of the yield differential between the green and conventional bonds, the regression 

would suffer from omitted variable bias, and the overall greenium estimate provided by the 

intercept of the estimated OLS regression unreliable. Therefore, panel regression models are 

preferred in this case, as such models effectively eliminate omitted variable bias. 

The choice of a fixed-effects model over a random-effects model for the estimation of 

the premium relates to the role of the aforementioned individual effects. These are part of the 

intercept in the fixed-effects models, effectively estimating a number of intercepts corresponding 

to the number of bonds in the panel. Contrarily, a random-effects model would include the effects 

by allowing error variances to vary in the cross-section as well as across time. If the individual 

effects are correlated with the regressor, the estimates produced by the latter type of model will not 

be consistent, and thus, the fixed-effects model is considered the more appropriate model. If there 

is no correlation between individual effects and the regressor, both models are consistent, but the 

fixed effects model inefficient as a direct consequence of the need to estimate all the individual 

effects. 

The individual liquidity-controlled premia are the A& in the equation 

 

∆-:&# = A& + B∆"3> &# + C&# 

 

Given that this study is based on low-frequency data, the number of liquidity proxies to choose 

from is limited. Having already applied restrictions on issue amount and date, as noted in section 

4.3, it is decided to choose the bid-ask spread as a liquidity proxy when conducting this control of 

residual liquidity differences. 

Provided with the 94 bond-specific premium estimates, a number of cross-sectional OLS 

regressions of the premia on the supposed drivers of the greenium are run in order to explore what 

might determine the size of the greenium. Specified in sections 5.3 and 5.4, these OLS regressions 

of the A3D  on a range of combinations of bond- and issuer-specific characteristics allow for the 

investigation of whether some of the characteristics used as regressors are statistically significant 

determinants of the greenium. 
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Turning to the issue of statistical significance, it is necessary to reflect on whether the 

assumptions on the distribution of error terms imposed when estimating both the fixed effects 

regression and the subsequent cross-sectional OLS regressions are likely to hold. In particular, for 

the ordinary standard error formulas to be correct, the expected value of the model disturbances 

must be equal to zero and, additionally, the disturbances must be homoskedastic and not exhibit 

any autocorrelation. If standard errors are biased, this bias will be reflected in the t-statistics of the 

coefficient estimates, rendering it impossible to test for statistical significance of the estimates. In 

other words, the greenium and its determinants could not be properly investigated. 

Consequently, to ensure correct statistical inference, the estimation of any of the 

regression specifications listed in section 5 should be supplemented by tests of the robustness of 

the aforementioned assumptions. In order to test the assumption of heteroskedasticity, the Breusch-

Pagan test is performed, while the Durbin-Watson test is used to evaluate the validity of the 

assumption of no serial correlation of residuals. Rejecting either or both assumptions for the fixed 

effects regression necessitates the computation of clustered standard errors, which are robust to 

both heteroskedasticity and autocorrelation, although they do require that there is no correlation 

across bond pairs. Since both null hypotheses, homoskedasticity respectively no autocorrelation, 

are rejected when performing the aforementioned tests on the panel data set (see Table 1 in the 

appendix), clustered standard errors are computed. Similarly, for the cross-sectional OLS 

regressions, whenever the assumption of homoskedasticity is proved wrong, robust standard errors 

must be computed to enable correct inference.  

Indeed, as for the cross-sectional regressions, it is decided to always calculate 

heteroskedasticity corrected (HC) standard errors. This choice is motivated by the results of Long 

and Ervin (2000) who showed that always estimating HC standard errors should be preferred over 

relying on the one same test, for instance, the Breusch-Pagan test, in all cases and letting the results 

of that test guide the application of either ordinary standard errors or HC standard errors. 

Furthermore, the authors found that a specific type of corrected standard errors, HC3, not only had 

superior small sample properties but consistently outperformed the other choices of standard errors. 

Thus, regardless of whether or not the Breusch-Pagan tests rejects homoskedasticity or not, which, 

however, often is the case (see Table 1 in the appendix), it is decided to estimate HC errors for all 

cross-sectional specifications.  
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5 Empirical Results 

This section presents the results of the empirical analysis of the greenium. It is initiated with an 

account for the descriptive statistics of the matched pairs sample which is then followed by the 

estimation of the overall greenium. After conducting a test of the statistical significance of the 

estimated greenium, the possible sources of variation in the greenium estimate are explored. This 

motivates the subsequent analysis of the determinants of the greenium, an analysis which intends 

to provide answer hypothesis 2. 

 

5.1 Descriptive Statistics of the Matched Pairs Sample 

The averages of several key variables final matched pairs sample, green bond yields, yield 

differentials, bid-ask spread differentials and green bond maturity and size, are presented in Table 

1, overall as well as by sector, rating and currency. 

The sample consists of 94 green bonds from 47 unique issuers, of which the most 

frequent is the European Investment Bank. The European Investment Bank is responsible for 12 of 

the green issues included in the sample and belongs to the development bank sector, which, together 

with the financial sector, is where the most frequent issuers all belong. The majority of green issues 

has been provided by the financial sector, within this particular sample as well as for the entire 

universe of green non-government bonds as compiled by Bloomberg. 44 of the green bonds in this 

sample are issued by financials, while 41 are issued by development banks and nine are non-

financial corporate bonds, from now on simply “corporate bonds”. A similar picture emerges when 

considering the volume distribution of green debt. Though financials do account for a large share 

of the full universe of green bonds, this sample is skewed further in the favour of financial issues, 

and the share of development bank issues is certainly overstated. One reason for this is that many 

of the green corporate bonds have more complicated structures than this sample allows for. Another 

reason could be that corporates are the issuers behind many of the smaller issues that are excluded 

in this sample. The distributional skew of this sample relative to the full universe implies that one 

must be careful when extending the overall conclusions of this study to the broader green bond 

market. 
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Table 1: Averages of Key Variables of the Green Bond Sample 
 Number 

of 
Green 
Bonds 

Averages 

#!" (%) ∆#% (%) ∆&' (%) Maturitya Issue 
Amountb 

Overall 94 1.036 -0.00741 0.00090 3.87 720.11 
By Sector       

- Financial 
- Development bank 
- Corporate 

- Utilities 
- Consumer, 

Cyclical 
- Communications 
- Consumer, Non-

cyclical 

44 
41 
9 
 

4 
3 
1 
1 

0.80204 
1.23782 
1.31110 

 
0.52088 
2.20571 
0.42168 
0.00703 

-0.00029 
-0.01407 
-0.01638 

 
-0.03548 
0.00300 

-0.00669 
-0.05253 

-0.01510 
0.01737 
0.00890 

 
0.01224 
0.00962 

-0.07190 
0.05224 

3.67 
4.21 

 
 

6.90 
4.61 
2.78 
1.32 

619.30 
874.93 
681.61 

 
750.00 
712.50 
500.00 
496.98 

By Rating       
- AAA 
- AA 
- A 
- BBB 
- BB 

35 
22 
22 
14 
1 

1.24458 
0.93432 
0.47301 
1.43861 
3.50520 

-0.01586 
0.00112 

-0.00417 
-0.00815 
0.01125 

0.02654 
-0.01346 
-0.02147 
0.00447 

-0.06082 

4.02 
4.22 
3.21 
3.94 
1.42 

956.60 
533.08 
601.51 
628.65 
446.91 

By Currency       
- EUR 
- USD 
- CAD 
- AUD 
- GBP 
- SEK 

54 
25 
6 
5 
2 
2 

0.20675 
2.58699 
2.21114 
1.69791 
0.73222 
0.21307 

-0.00826 
-0.00232 
-0.01374 
-0.01824 
-0.00215 
-0.05258 

-0.00612 
0.01368 
0.00714 
0.08049 
0.00383 

-0.04732 

4.42 
3.25 
1.87 
2.25 
2.53 
5.91 

774.55 
646.79 
382.87 
506.37 

1,635.07 
410.46 

a Years to maturity of the green bond on 31 December 2019 
b Issue amount of the green bond converted to EUR million 
 

The average green bond yield varies considerably across sectors, ratings and issues, with an overall 

average of 1.036%.5 Perhaps surprisingly, AAA rated green bonds are associated with higher 

average yields than green bonds with a AA or A rating. Part of the explanation could be that the 

yield observations within each rating category are not equally distributed over time. As bond yields 

vary with considerably over time, responding to market-wide factors, and as the green bond market 

has undergone great development in the sampling period, this is one possible explanation for the 

counterintuitive statistic. Further, the currency distributions of yield observations are not similar 

across ratings. As it is not green bonds yields in isolation but rather the differences in yield between 

 
5 Note that all averages are computed such as to give equal weight to all observations in the data set or all observations 
which fall into the specific subcategory of question. Thus, the overall average #!" is the sum of all green bond yields 
divided by the number of lines in data set, i.e. 

#!"((((( =
∑ ∑ ##$

!"%$&'
()
#&'
38,855
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green bonds and their conventional counterparts that are of interest to this study, the distribution of 

green bond yields will not be subject to any further analysis. 

Turning to said yield differentials, which may be interpreted as an indicator of the 

average, non-liquidity controlled greenium, the average ∆-: is equal to -0.741bps. Considering the 

differences in the average ∆-: across ratings, AAA rated green bonds are associated with the lowest 

average ∆-:, equal to -1.586bps. For AA rated bonds, the differential is positive, albeit small, equal 

to 0.112bps. The one high yield green bond in the sample similarly trades with a positive ∆-:, but 

with that being the only non-investment grade bond of the sample, there will not be made attempts 

at drawing general conclusions on the high yield segment. 

The differences in bid-ask spreads are all small with an overall average of 0.090bps. This 

provides evidence that the matched pairs do not suffer from large liquidity mismatches, at least not 

when liquidity is proxied by bid-ask spread, even though the matching criteria range for issue date 

and amount were rather wide. 

Maturity at issuance ranges from three to ten years with an average of 6.28 years, and a 

pattern of an increase in bond life with credit rating emerges. The average time to maturity of the 

green bonds in the sample as of 31 December 2019 is 3.87 years. The average green bond issue 

amount is slightly above EUR 720 million, and, as such, well above benchmark of EUR 500 million 

for corporate bonds. This statistic differs from the full universe of green corporate bonds, which 

includes a large number of small issues, as this sample includes only green bonds with an issue 

amounts of at least EUR 300 million. The average amount issued is largest, nearly EUR 1 billion, 

for the groups of AAA rated green bonds and development bank bonds, the latter accounting for 

the vast majority of the AAA rated bonds. 

 

5.2 Evidence of an Overall Greenium 

The sample statistics suggest a small negative greenium and no large liquidity mismatch. However, 

as accounted for in section 2.3, bond liquidity is an important determinant of bond yields and it is 

consequently crucial to adopt as rigorous a control method for this factor as possible. Further, a 

simple average of yield differentials, weighting all bond-day observations equally, does not capture 

any cross-sectional variance, a variance which could be attributed to bond-specific factors, and also 

suffers from overweighting pairs with a longer history. Consequently, in order to draw inference 

on the possible existence of a greenium, the panel regression described in section 4.4 is carried out. 
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Regressing ∆-:&# on ∆"3> &# leads to 94 bond-specific estimates of the greenium, A&. The estimates 

fall between a minimum value of -16.965bps and a maximum value of 8.207bps, with an average 

A3D  equal to -1.125bps and a median value of -0.482bps. 58.51% of the A3D  are negative.6 

 
Figures 1A and 1B: Distibution of !!"  

 
 

To assess the significance of each of the 94 estimates, t-tests based on clustered standard errors of 

the estimates are computed. The assumptions of homoskedasticity and absence of serial correlation 

required for the ordinary standard error formulas to yield unbiased results are unlikely to hold for 

much time-series data. With the minimal p-values returned from the Breusch-Pagan and the 

Durbin-Watson tests (see Table 1 in the appendix), the null hypotheses of validity of the 

aforementioned assumptions are indeed rejected for this data set. Hence, confer section 4.4, it is 

necessary to compute clustered standard errors. The t-statistics allow for an assessment of the 

significance of each estimate, in particular whether it is statically different from zero at a given 

level of significance. This double-sided test of E!: A& = 0 against E4: A& ≠ 0 is for this purpose 

evaluated at two significance levels, 10% and 5%. 

Particularly interesting it is that out of the negative A3D , 84.31% are significantly different 

from zero at a 10% significance level, while only 66.67% of the positive A3D  are significant at that 

same level of significance. Considering a significance level of 5%, the percentages are 76.47% and 

58.33%, respectively. Hence, not only is the greenium estimate on average negative and the share 

of negative estimates exceeds that of positive estimates, but the negative estimates are found to be 

statistically significant more often than the positive estimates are. These numbers are nothing but 

 
6 Table 2 in the appendix presents the results of the panel regression, including the values of the individual estimates 
and their significance. 
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simple statistics, but they provide further support of the hypothesis that investor’s preferences for 

green bonds allow these bonds to trade with yield discounts in the secondary market. 

Conducting a formal test for whether or not an overall greenium is present, the null 

hypothesis E!:	A3D = 0 is rejected against the alternative of an average greenium significantly 

different from zero at a 5% significance level. This follows from the statistic of the Wilcoxon 

signed rank test, which yields a two-sided p-value of 0.024. 

But while the greenium is statistically significant, its economic significance is 

questionable. An average greenium estimate of just -1.125bps and a median of -0.482bps is hardly 

large enough to discourage investors from buying green bonds. It is important to note that any 

discussion of economic significance will necessarily depend on the assumptions made on the size 

of investors’ positions, their trading patterns, their use of leverage in their portfolios, their 

alternatives, etc. A low-rate environment has dominated the financial markets in the recent years, 

and thus, small absolute differences may in relative terms be notable. That aside, the size of trading 

costs, bid-ask spreads and the like will disincentivise investors to trade based on smaller 

differences. Regardless, it must be noted that no clear boundary exists between economically 

significant and insignificant differences, but that an average greenium of only 1.125bps is not 

considered of a size which should induce any significant reallocation. Such difference would, for 

a bond with a 10-year duration, which is much larger than the average duration of the bonds of this 

sample, lead to a difference of 11.25bps in the value of a green and a conventional bond. 

Comparison with an average bid-ask spread of 22.79bps for the green bonds of this sample 

confirms that differences are indeed minor. 

 

5.2.1 Cross-Sectional Distribution of A3D  

Grouping the A3D  by sector, rating and currency indicate that certain patterns exist in the cross-

sectional variance of the A3D . Table 2 shows the overall distribution of the A3D  as well as the 

distribution within each category. An important result is that the average A3D  is negative for all 

categories.7  

 
7 Note that this holds apart for the category of high yield bonds. However, with only one high yield bond included in 
the sample, there will not be made any points on the greenium for the category of high yield bonds in general. Similarly, 
with just two matched pairs in the categories of both of GBP and SEK denominated bonds, there will not be drawn 
standalone inference on the respective currency groups. 
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Table 2: Distribution of the Greenium Estimates 
 Number 

of Green 
Bonds 

Distribution of !*/  

Min 1st Q Median Mean 3rd Q Max 

Overall 94 -0.16965 -0.02904 -0.00482 -0.01125 0.01011 0.08207 
By Sector        

- Financial 
- Development bank 
- Corporate 

44 
41 
9 

-0.16965 
-0.14994 
-0.05448 

-0.02416 
-0.02488 
-0.04507 

-0.00354 
-0.00370 
-0.02223 

-0.00686 
-0.01456 
-0.01783 

0.02600 
0.00525 
0.01001 

0.08207 
0.08002 
0.02447 

By Rating        
- AAA 
- AA 
- A 
- BBB 
- BB 

35 
22 
22 
14 
1 

-0.14994 
-0.08279 
-0.07151 
-0.16965 

-0.03141 
0.01434 

-0.02896 
-0.04701 

-0.00615 
-0.00411 
-0.00354 
-0.01269 

-0.01903 
-0.00067 
-0.00151 
-0.01469 
0.00257 

0.00368 
0.00445 
0.04013 
0.02055 

0.08002 
0.08207 
0.07247 
0.05984 

By Currency        
- EUR 
- USD 
- CAD 
- AUD 
- GBP 
- SEK 

54 
25 
6 
5 
2 
2 

-0.16965 
-0.14994 
-0.01888 
-0.03964 
-0.00725 
-0.10625 

-0.03157 
-0.01990 
-0.06425 
-0.00512 

 
 

-0.00620 
-0.00477 
0.00095 

-0.00370 
 
 

-0.00961 
-0.01194 
-0.01206 
-0.00747 
-0.00403 
-0.06085 

0.01167 
0.01001 
0.01556 
0.00042 

 
 

0.08207 
0.05146 
0.08002 
0.01069 

-0.00081 
-0.01544 

By Credibility Proxies        
- External Review 
- CBI Certification 
- ESG Rating 

72 
14 
43 

-0.14994 
-0.04507 
-0.16965 

-0.02384 
-0.00760 
-0.02816 

-0.00333 
0.00098 

-0.00512 

-0.00638 
0.00233 

-0.00813 

0.01267 
0.00412 
0.02596 

0.08207 
0.05693 
0.08207 

 

Across sectors, the average greenium estimate is smallest, i.e., most negative, for corporate bonds, 

with a mean A3D  of the nine matched pairs of that specific category amounting to -1.783bps. 

Corporate issues are also associated with the lowest median value as well as the lowest 1st quartile 

and maximum value of the greenium. This indicates that the pricing effect of greenness is stronger 

for corporate bonds than for financial and development bank issues, though the difference between 

the former and latter sector is small. The, in absolute terms, smaller minimum value of the A3D  for 

corporate issues, when compared to issues from the other sectors, may be attributed to the fact that 

this particular group is much smaller than the others and consequently has a lower probability of 

containing extreme events. 

Considering the distribution of A3D  across ratings, AAA rated green bonds are associated 

with the lowest average greenium estimate. The average A3D  is highest, i.e., closest to zero for the 

AA rated bonds, while the BBB rated bonds on average carry the second-lowest estimate as well 

as the lowest median, 1st quartile and minimum estimate. 

When grouping the A3D  by currency, the lowest average value is found for SEK 

denominated bonds, which, however, is a category comprised of two bonds only. Considering only 
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the two major currencies, USD and EUR, the differences in the distribution of A3D  are small. The 

mean values amount to -1.194bps and -0.961bps, respectively, and the larger group of EUR bonds, 

consisting of 54 matched pairs, exhibits a fatter distribution than the group of USD bonds. Once 

again, the difference could be attributed to the relative size of the categories. 

Turning to the possible effects of ESG rating, external reviews and CBI certification, 

contrary to what was expected, all three signals, believed to increase the credibility of the green 

credentials, are associated with average greenium estimates above the overall average. Further, the 

measures related to the individual issue on average seem to have larger positive impacts on the 

greenium than the issuer level measures. For the 72 matched pairs for which an external review has 

been acquired for the green bond, the average estimate amounts to -0.638bps, while the average A3D  

amounts to 0.233bps for the 14 pairs for which the green bond is certified by the CBI. For the 43 

matched pairs for which the issuer has an ESG rating from either RobecoSAM or Sustainalytics, 

the average estimate amounts to -0.813bps. In this regard, it is worth noting that while external 

reviews and certification can be given to all green bonds, data on ESG issuer ratings is available 

only for financial and corporate issuers. Therefore, the apparent positive influence on the greenium 

of the presence of an ESG issuer rating may in part be related to the fact that no development bank 

issues can be contained in this particular category. Thus, a large share of the ESG rated issuers will 

be from the financial sector, the sector with the highest average greenium estimate. 

The examination of the differences in the distribution of the greenium estimates across 

the various subsamples suggests a substantial variation. Consequently, it is decided to formally 

investigate how the aforementioned characteristics affect the greenium through the estimation of a 

range of cross-sectional regressions specified on the basis of the above evidence of cross-sectional 

differences in the A3D . These cross-sectional regressions will be specified and subsequently estimated 

in the following sections, with the intention of documenting the determinants of the greenium as 

well as evaluating their significance. 
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5.3 Determinants of the Greenium – The Effects of Sector and Credit Quality 

5.3.1 Development of Regression Specifications 

In order to conduct further studies on the drivers of the greenium, the cross-sectional regressions 

must first be specified. While all are of the general form 

 

A3D = ;& + B2I2& + B1I1& +⋯+ C& 

 

the choice of regressors I5 varies. As stressed in section 4.1, a critical shortcoming of a given 

specification would be omitted variable bias as that would yield biased estimates of B5. The first 

specification is consequently the most general one, including both sector, credit rating and currency 

dummies as well as maturity and issue amount, more specifically the natural logarithm of the 

amount, as to capture a non-linear effect. This specification is equivalent to specification a in Zerbib 

(2019), and despite it is considered the most general, it does not take into account neither the 

interaction effects among regressors nor the impact of credibility signals. The second specification 

is similar to specification b in Zerbib (2019) and includes all the categorical regressors, i.e., sector, 

rating and currency, while leaving out maturity and issue amounts. The third specification departs 

from Zerbib (2019) and draws reference to Fatica et al. (2019) who emphasised the sector effect in 

particular. Thus, Specification 3 includes only sector as regressor and, correspondingly, 

Specification 4 considers another assumed driver of the greenium, credit rating, in isolation. The 

latter specification is motivated by the evident differences in the greenium estimates across the 

credit rating spectrum noted in section 5.1. 

 

Specification 1: A3D = ;& +∑ B2,678#,-+1678#,-+
9,-./01$2
5:2 + 

∑ B1,;<#&.0+1;<#&.0+
923/456$2
5:2 + ∑ B=,'>--7.8?+1'>--7.8?+

97811-5.9$2
5:2 + B@=;,& +  

BA ln(3O,&) + C&  

Specification 2: A3D = ;& +∑ B2,678#,-+1678#,-+
9,-./01$2
5:2 + 

∑ B1,;<#&.0+1;<#&.0+
923/456$2
5:2 + ∑ B=,'>--7.8?+1'>--7.8?+

97811-5.9$2
5:2 + C&  

Specification 3: A3D = ;& +∑ B2,678#,-+1678#,-+
9,-./01$2
5:2 + C&  

Specification 4: : A3D = ;& + ∑ B1,;<#&.0+1;<#&.0+
923/456$2
5:2 + C& 
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QR%,S*5, T;,7UV5, and WX**RU%-5 refer to the sector, credit rating and currency of denomination 

of the bond, while =;,& and 3O,& refer to the maturity and the issue amount in EUR million. An 

overview of all the variables included in the cross-sectional regressions and of the modalities of 

each variable is provided in Table 3 in the appendix. 

As previously noted, the nine corporate matched pairs exhibit an average A3D  below that 

of the full sample as well as those of the financial and development bank sectors. Further, the 

average A3D  is below the overall average for both AAA and BBB rated bonds. At the same time, 

significant differences in the distributions of bond ratings within each sector are present; the 

corporate matched pairs exhibit a strong skew towards the lower end of the credit rating spectrum 

with 89% of the green bonds within the sample being BBB rated. Contrarily, the development bank 

bonds are skewed in the opposite direction with 80% carrying a AAA rating, while bonds from 

financial issuers are distributed more evenly across ratings. The presence of such skew indicates 

that the interaction effects between sector and rating could be an interesting topic for further 

research. Moreover, a specification including the interaction effects between sector and rating 

would enable a look into how the effect of a lower bond credit rating on the greenium might differ 

across sectors. Thus, the estimates of a fifth specification including interaction effects could prove 

interesting. 

 

Specification 5: A3D = ;& +∑ B2,678#,-+1678#,-+
9,-./01$2
5:2 ∑ B1,;<#&.0+1;<#&.0+

923/456$2
5:2 + 

B=,678#,-:;<#&.0:1678#,-:1;<#&.0: +⋯+ C&  

 

However, because of the variation in the distributions of credit ratings across sectors, the regression 

described in Specification 5 is not possible to carry out in a meaningful way. Whenever a subgroup 

exhibits a full overlap with an overriding group, a feature present for the financial-BB subgroup, 

which is identical to the group of BB rated bonds, an interaction effect for that subgroup cannot be 

estimated. Further, with no data at all for development bank issues with a rating lower than AA 

and no corporate issues with a rating of either AAA or A, these interaction effects cannot be 

estimated either. 

In part, this issue is a consequence of the limited sample size, from which yet another 

issue arises, an issue that must be addressed ahead of the model specification. If an indicator 

variable for a given factor is only positive for a group comprised of only a few cases, it is difficult 

to justify the interpretation of the coefficient related to said variable as the effect of that particular 
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factor on the size of the greenium. Consequently, provided with no more than 94 greenium 

estimates, not all segmentation options theoretically interesting to explore will be feasible since the 

subdivision will often result in groups with none or few members. This further necessitates the 

determination of what is to be considered too few. In this study, groups of less than three estimates 

are either excluded or appropriately combined. This boundary prevents obtaining an artificially 

high R2 when estimating the regression, but it is certainly still so small that it warrants caution 

when drawing inference about a given factor. However, the small groups are a natural consequence 

of the limited sample size, which should in itself evoke caution not to overinterpret the results. To 

enable the investigation of more than just a few factors, it is consequently decided not to set a 

higher limit but to proceed, while stressing that results from the estimations should, in general, be 

interpreted merely as indications. 

On the above grounds, it is decided that the sectors utilities, communications, and 

consumer cyclical and non-cyclical for estimation purposes are to be considered as one sector, 

“corporate”. Similarly, the modalities of the categorical variable currency are reduced to three from 

six, as only EUR and USD are considered on a standalone basis, while the remaining currencies 

are grouped together. Last, no BB factor is included, as the BB category captures only one bond in 

the entire sample. These choices imply that the categorical variables sector, rating and currency 

have three, four and three modalities, respectively. The chosen reference modalities, unless 

otherwise specified, are government, AAA, and EUR.8 

Returning to Specification 5, the only subgroups that can be formed when imposing the 

restriction of each group containing at least three cases are government-AAA, government AA, 

financial-AA, financial-A, financial-BBB and corporate-BBB.9 Thus, only six of 15 possible 

interactions in Specification 5 can be studied, and it is not possible to investigate a decline of similar 

size from an equal starting point on the rating scale between any of the sectors. Since the motivation 

behind the inclusion of the interaction effects was to investigate how the effect on the greenium of 

declines in credit quality might differ across sectors, the inclusion of any interaction effects is 

therefore no longer considered meaningful. It is consequently decided that Specification 5 is to be 

modified to a form excluding these effects, in such being a regression of the greenium on only the 

simple categorical variables related to sector and credit rating.  

 

 
8 See Table 3 in the appendix for further information of variables, modalities and reference levels 
9 Consult Table 4 for an overview of the distribution of both bonds and average p;/  across subgroups. 
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5.3.2 Sector and Credit Quality as Drivers of the Greenium 

Table 3: Results of the Estimation of Specifications 1-5 
 Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 

(modified) 
Intercept -0.01419 

(-0.148) 
-0.02033 

(-2.305)** 
-0.01456 

(-2.276)** 
-0.01903 

(-2.691)*** 
-0.01873 

(-2.605)** 
      
Financial 0.00085 

(0.066) 
-0.00516 
(-0.477) 

0.00775 
(0.798) 

 -0.00527 
(-0.496) 

Corporate 0.01168 
(0.328) 

0.00382 
(0.131) 

-0.00327 
(-0.283) 

 0.00372 
(0.127) 

      
AA 0.01902 

(1.229) 
0.02219 

(2.338)**  0.01837 
(1.884)* 

0.02125 
(2.367)** 

A 0.02178 
(1.080) 

0.02335 
(1.474)  0.01752 

(1.535) 
0.02226 
(1.511) 

BBB  -0.00920 
(-0.237) 

-0.00480 
(-0.157)  -0.00566 

(-0.324) 
-0.00583 
(-0.187) 

      
USD 0.00602 

(0.459) 
0.00220 
(0.206)    

Other 0.00810 
(0.382) 

0.00210 
(0.157)    

      
123# 0.00268 

(0.991)     

ln('73#) -0.00315 
(-0.253)     

      
R2 0.06796 0.05416 0.00941 0.05077 0.05373 

Numbers in parentheses are the t-statistics of the above estimates. Asterix denotes significance of estimates; 
* 0.05 < P(>|t|) < 0.1, ** 0.01 < P(>|t|) < 0.05,   *** 0.001< P(>|t|) < 0.01 
 

As can be seen from Table 3, the regressions specified above all suffer from low coefficients of 

determination, R2s, and thus, a substantial amount of the variation in the greenium estimates is left 

unexplained by the combinations of covariates introduced above. Besides the low R2s, very few 

covariates are individually statistically significant. Absence of statistical significance is a general 

issue for all cross-sectional regressions estimated in this study. Some factors may truly be 

insignificant in terms of their effect on the greenium, but some are also expected to be deemed 

insignificant simply because of the number of observations available for the estimation. 

Thus, in general, the ability to draw inference from the cross-sectional regressions is 

limited as a consequence of the small sample size. The significance tests of coefficient estimates 

are based on the t-statistics, which, for a given coefficient estimate BY  is given by 
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, =
BY

4. R. (BY)
 

 

Since the standard error, 4. R. (BY), is negatively related to sample size, smaller samples 

will, all else equal, produce smaller absolute values of the t-statistics. In this study, the maximum 

number of observations available for the estimation of a given cross-sectional regression amounts 

to 94, a number which is reduced to 53 for the specifications including ESG rating as a regressor, 

introduced in section 5.4. It is therefore expected that, in some cases, it will be difficult to reject 

statistical insignificance for a coefficient estimate merely due to the small number of observations. 

Hence, statistical significance will not prevent the discussion of the direction of the effect of a 

given regressor, nor its economic significance. 

Regarding economic significance of the coefficient estimates, it is similarly difficult to 

argue that any of the effects investigated have an impact on the greenium of such magnitude that it 

is to be considered of economic interest. This was expected considering the values of the individual 

greenium estimates presented in section 5.2; as those are too small to be of economic significance, 

no drivers could possibly be of economic significance either. However, that is not equivalent to 

stating that no factors appear to drive the greenium in either direction and thus, a look into the 

indications of which of the factors explored appear to increase, respectively decrease, the greenium 

is still of interest. 

Confer the results of the estimation of Specification 1, both maturity and issue have only 

marginal influence on the greenium and in opposite directions. The coefficient estimates are 

presented in Table 3 along with the estimates derived from the estimation of the four other 

specifications presented in section 5.3.1. The estimates associated with Specification 1 indicate that 

the greenium increases in maturity by 0.268bps per year, while it decreases by 0.00315 ∗ ln 2 =

0.218bps when the issue amount is doubled. With a t-static of -0.257, the coefficient estimate 

related to the natural logarithm of the issue amount is neither economically nor statistically 

significant for the greenium. Thus, the greenium does not seem to vary with issue amount, at least 

not for issues of a size sufficient to be included in the broad market indices. Conversely, time to 

maturity does seem to have some, albeit small, positive effect on the greenium, suggesting that the 

pricing impact of green preferences might be larger for the shorter-dated issues. Nonetheless, while 

this coefficient estimate is associated with a larger t-statistic than the aforementioned, maturity is 

still insignificant at all conventional significance levels. Specification 2 is similar to Specification 
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1 except for the exclusion of the two aforementioned insignificant covariates. The fit improves 

when including only the categorical regressors, sector, rating, and currency, for which the 

coefficient estimates are also of larger magnitudes and, in most cases, closer to be considered 

statistically significant. However, only the intercept estimate is significantly different from zero at 

a 10% significance level for Specification 2, while none of the estimates are significant for 

Specification 1. 

The credit rating of the individual issue is that of the factors included in Specifications 

1-5 that appear to be of greatest economic significance for the greenium. Furthermore, of all factors 

considered, credit rating is closest to be a statistically significant driver of the greenium. The 

relation is, however, not easily explained. Whereas previous studies found that the greenium 

decreased when credit quality declined (Hachenberg & Schiereck, 2018; Zerbib, 2019), the results 

are mixed for this sample. With a reference modality of AAA, the intercept and coefficient 

estimates for the other three10 rating categories that stem from the estimation of Specification 4 

suggest that credit rating has considerable implications for the size of the greenium. AAA bonds 

are associated with a statistically significant negative greenium, equal to -1.903bps. A decline in 

credit quality from AAA to AA or A results in an increase in the greenium of around 1.8bps, effects 

that are fairly close to being statistically significant. Consequently, when credit rating declines from 

AAA, the greenium approaches zero. However, if the credit quality declines even further, moving 

from the highest to the lowest end of the investment grade spectrum, this effect vanishes. The 

greenium appears to be even lower for BBB rated green bonds than for green issues with a AAA 

rating, although the predicted difference is of just -0.566bps and statistically insignificant. 

Comparing the coefficient estimates of Specification 4 to those of the other three specifications in 

which credit quality is considered as one of several possible determinants of the greenium, results 

are fairly similar. The mixed findings as for the direction that credit rating predicts the greenium 

will be discussed later, subsequent to a short review of the findings for the other two categorical 

covariates. 

The results of the estimation of Specifications 1, 2, 3 and 5 indicate that neither sector 

nor currency is of importance to the size of the greenium. The sector effects are found minor and 

statistically insignificant. Table 2 shows how the average A3D  of the financial issues of the sample is 

above the corresponding value for the development bank issues, while corporate issues on average 

carry lower, i.e. more negative, greenium estimates. However, it also depicts that the differences 

 
10 Note that the specifications including credit rating are estimated on a subsample excluding the one high yield pair. 
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are rather small, particularly between development bank and corporate issues, and thus, coefficient 

estimates were indeed expected to be small. Estimation of Specification 3, which includes only the 

sector effect as a determinant of the greenium, leads to coefficient estimates of 0.775bps and               

-0.327bps for the indicators for sectors financial and corporate, estimates associated with t-statistics 

0.8 and -0.2. These signs of these estimates shift when including rating as a regressor, something 

which the following paragraphs will return to, but the pattern of insignificant estimates of minor 

absolute values persists regardless of whether the sector effect is considered in isolation or not. 

Ultimately, the only conclusion to be drawn on this basis is that the sector of the issuer is not a 

statistically significant driver of the greenium. 

Consequently, the results from the cross-sectional regressions do not provide any support 

of hypothesis 2.1, that financial issues are different, specifically carrying less sizeable greeniums 

as compared to green bonds from other sectors. This theory was a key result in the analysis of 

Fatica et al. (2019), and although their study was based on primary market data, Table 2 indicated 

that a similar thing might be present in the secondary market. The authors proposed that the 

difference was a result of the increased difficulty of creating transparency on the linking of the 

bond proceeds to green projects faced by financial issuers. On the other hand, studies of closer 

similarity to this in terms of both methodology and focal point of the secondary market have found 

more negative greeniums for financial issues (see Zerbib, 2019; Hachenberg & Schiereck, 2018). 

Two possible explanations for this are suggested, one being that government-related issuers are 

actively promoting the growth of the green bond market, with some issuers specifically stating that 

their green bonds are not to be priced at a premium to their conventional issues (Hachenberg & 

Schiereck, 2018, p. 381).11 Bearing in mind that government-related issues in this analysis trade 

with more negative greeniums than financial issues, the argumentation of Hachenberg and 

Schiereck (2018) does not make sense, while that of Fatica et al. (2019) could very well apply. The 

latter explanation would also be in accordance with the reasoning behind hypothesis 2.2, that the 

asymmetric information present in the green bond market has pricing implications. Regardless, 

with complete absence of statistical significance of the coefficient estimates of the sector effects, 

the empirical analysis does not support hypothesis 2.1. 

The switch of signs of the estimates that appears when rating is included as a covariate, 

i.e. when comparing Specifications 3 and 5, is interesting and it motivates a look into a possible 

 
11 Note that that statement relates to the primary market pricing, and thus, one should be careful when drawing parallels 
to the secondary market pricing. 
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explanation for the odd findings as for the effect of credit ratings. The first edition of regression 

Specification 5 included sector-rating interaction effects to allow for an investigation of the cross-

sector variation in the effect of similar declines in credit rating. However, the skew in the 

distribution of ratings across sectors implied that for no sectors could an equal decline be 

investigated and thus, the analysis could not be carried out. This skew is evident from Table 4 in 

which not only the number of bonds but also the average A3D  for each sector-rating subgroup. The 

table provides in important insight, pointing towards a possible explanation of the found effects of 

credit rating: the variation in the average A3D  across ratings is different for development bank bonds 

when compared to financial and corporate bonds. As this variation could not be investigated via 

the interaction effects due to the aforementioned lack in an overlap of rating subcategories across 

sectors, it is necessary to apply another approach. 

 
Table 4: Distribution of Bonds and Average  9</  Across Sectors and Ratings 

 Development Bank Financial Corporate 

No. of 
bonds 

Average 
!*/  

No. of 
bonds 

Average 
!*/  

No. of 
bonds 

Average 
!*/  

AAA 33 -0.02037 2 0.00309   
AA 7 0.00284 14 -0.00088 1 -0.02223 
A 1 0.05547 21 -0.00422   
BBB   6 -0.03458 8 -0.01728 
BB   1 0.00257   

 

By dividing the full sample of matched pairs into three subsets, development bank, non-

development bank and financial, it becomes possible to investigate whether reductions in credit 

quality predicts the greenium in different directions for the respective subsets. Estimating 

Specification 4 for each of the three subsets provides results in line with expectations, provided in 

Table 5. Though not directly comparable as the differences compared do not share an equal 

origination, i.e. the reference modality of the development bank subset is AAA and that for the 

corporate and the financial subsets are AA, the coefficient estimates indicate an essential difference 

in the effects of credit rating across sectors. With a decline in credit quality, the greenium vanishes 

for development bank issues, while a lower credit quality has the opposite effect when considering 

corporate and financial issues. 
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Table 5: Results of the Estimation of Specification 4 on Various Subsamples 
 Full sample Development 

Bank 
Non-

Development 
Bank 

Financial 

Intercept -0.01903 
(-2.691)*** 

-0.02037 
(-2.740)*** 

-0.00230 
(-0.237) 

-0.00088 
(-0.085) 

     
AA 0.01837 

(1.884)* 
0.02321 

(2.908)*** 
  

A 0.01752 
(1.535) 

 -0.00192 
(-0.145) 

-0.00334 
(-0.245) 

BBB  -0.00566 
(-0.324) 

 -0.02239 
(-1.197) 

-0.03370 
(-0.949) 

     
R2 0.05077 0.04882 0.04123 0.05083 

Numbers in parentheses are the t-statistics of the above estimates. Asterix denotes significance of estimates; 
* 0.05 < P(>|t|) < 0.1, ** 0.01 < P(>|t|) < 0.05,   *** 0.001< P(>|t|) < 0.01 
Notes on the composition of the samples: 

- For all subsamples considered and for the full sample, the BB bond is excluded. 
- Further, for the development bank subsample, A bonds are excluded, while, for the non-development bank 

and the financial subsample, AAA bonds are excluded as the number of bonds with these ratings is, in the 
respective samples, less than three. 

 

This insight sheds light on the odds results of the estimations, which are consequently interpreted 

as the result of opposite effects of the same factor for different sectors. As 94% of the AAA rated 

green bonds belong to the development bank sector, it is difficult to separate the effect of the sector 

effect from the effect of the AAA rating. That 80% of the development bank bonds carry a AAA 

rating supports this notion. Any difference attributed to the AAA dummy variables could therefore 

at large be a sector effect. Having specified development bank and AAA as the reference modalities 

of sector and rating further implies that no estimates are had for either as both are captured by the 

intercept. 

In conclusion, the difficulties in explaining the effect of credit rating on the greenium for 

the overall sample relates to the fact that the effects for the two subsets, development bank and 

non-development bank, work in opposite directions. With one subset accounting for most of the 

AAA rated bonds and the other for the majority of the bonds of the other rating levels, this translates 

into a back-and-forth-movement with both the highest- and lowest-rated bonds trading at much 

more negative greeniums than the bonds carrying in the middle of the investment grade spectrum. 

This study is not the first to point to the overlap between the government-related and 

highest-rated issues. Contrarily, Hachenberg and Schiereck (2018) found something very similar 

for their matched pairs sample but reported positive coefficient estimates for indicators of 

government-related and AAA issues. Thus, the effect that they found was opposite to that found in 
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this study for which the corresponding estimates are negative. That the findings of this study collide 

with those of Hachenberg and Schiereck (2018) may be attributed to the fact that the authors 

include all government-related issues, i.e., not only issues of development banks but also those of 

other government-backed entities and those of cities, municipalities and governments. The 

discrepancies in the results of the sector effects noted above could also be the result of dissimilarity 

in the boundaries set on the group of government-related issues. With differing sector definitions, 

the results of this study are not fully comparable to those of Hachenberg and Schiereck (2018), nor 

to Zerbib (2019). 

It is therefore argued that an overall negative impact on the greenium of declining credit 

quality is masked by a sector effect, namely that development bank issues are on average associated 

with lower greeniums than the full sample. This leads to the odd result that a one to two-step decline 

in the rating bracket from the reference of a AAA positive impact on the greenium, while the impact 

on the of a three-step decline in credit rating, contrarily, is negative, albeit minor, for the full 

sample. 

A possible interpretation of the negative impact on the greenium that declining credit 

quality has for financial and corporate issues is that green investors are hunting for yield. All else 

equal, as credit quality declines, credit spreads increase. If the majority of green bond investors are 

not constrained with regards to credit quality, all the while facing pressures of achieving the highest 

possible yield on their portfolio, the hunt for yield may increase the demand for the lower-rated 

green bonds. This, in turn, will amplify the absolute size of the greenium for this market segment. 

One might question a such conclusion since investors in the conventional bond market are probably 

just as likely to be looking for the highest return on their portfolios. The BBB share of the entire 

investment grade corporate, financial as well as non-financial, bond market has increased quite 

dramatically during the latest credit cycle. While only 30% of investment grade new issues in 2008 

were BBB rated, this figure had increased to 51% by 2019 (Çelik et al., 2020), and the picture is 

similar for green corporate bonds (Bloomberg data). This reflects a low-rate environment which 

has encouraged companies to increase their leverage, while simultaneously leading institutional 

investors to chase rigorously for higher yields. Given the still rather limited size of the green bond 

market relative to the conventional bond market, the pricing impact of the hunt for yield could be 

larger for green bonds than for conventional bonds. Therefore, a generally limited supply of green 

bonds when combined with preferences for the lower-rated bonds may be the source of the decrease 

in the greenium for lower-rated green bonds. A similar argument was also proposed by Hachenberg 
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and Schiereck (2018), who used it as the second of the aforementioned explanations for why 

government-related issues appeared to be priced differently than financials. 

Currency, the final factor for which the relation to the greenium is to be explored, is 

rejected as a significant determinant of the greenium. With the reference modality being EUR 

denominated bonds, the estimates on USD and Other are insignificant and very small. It is therefore 

rejected that currency has an impact on the greenium, at least not when considering differences 

between a selection of developed currencies. This finding is, in line with the conclusions of other 

works on green bond pricing; all studies previously referenced in this paper has found that, as long 

high yield currencies are excluded, cross-sectional variation across the currencies is insignificant, 

and, to the author’s knowledge, neither have other studies come to opposite conclusions. 

 

5.4 Determinants of the Greenium – The Effects of ESG Ratings and External Reviews 

5.4.1 Development of Regression Specifications 

Of the possible drivers of the greenium, the perceived credibility of the green credentials of the 

green bond is, according to hypothesis 2.2, expected to be of critical relevance. In order to test this 

hypothesis, a range of cross-sectional regression specifications based on the factors believed to 

convey signals of increased credibility will be introduced and subsequently estimated. 

First, the influence of issuer credibility will be considered. Two measures are considered, 

of which the first is the existence of an ESG issuer rating from either RobecoSAM or Sustainalytics. 

The other measure of is a variable indicating whether the environmental subscore of the ESG rating 

indicates that the issuer is among the 25% best within its industry with regards to the environmental 

impact. While Hachenberg and Schiereck (2018) relied on the presence of an issuer ESG rating as 

the indicator of issuer credibility, this study questions the mere presence of such rating sends a 

signal that allows for a separating equilibrium. As explained in section 4.3, large public companies 

will naturally be granted a rating by RobecoSAM, and consequently, it is hardly the case that an 

investor can infer the greenness from the sheer presence of such rating. Indeed, for this particular 

sample, the majority of the corporate issuers are rated by either one or both agencies. Rather, as 

previously accounted for, it would be reasonable to believe that investors would distinguish 

between top performers and the issuers with lower scores, and thus, it is decided also to investigate 

an indicator variable for the top 25%. Accordingly, the first ESG Specifications are 

 

ESG Specification 1: A3D = ;& + BB6)1B6) + C& 
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ESG Specification 2: A3D = ;& + B%,C	1A%1%,C	1A% + C&  

 

Where _Q` refers to the presence of an ESG rating and 1SA	25% to a place among the 25% best 

on the environmental dimension. 

To examine the possibility of variation in the impact of issuer credibility across ratings 

and sectors, these categorical variables and their interaction effects with the indicators for the 

presence of an ESG rating and a top rank on the environmental dimension are subsequently added 

to the specifications one at a time. As such, the first two ESG specifications are extended as follows 

 

ESG Specification 1.1: A3D = ;& + BB6)1B6) + B',-C1',-C + BB6),',-C1B6)1',-C + C&  

ESG Specification 1.2: A3D = ;& + BB6)1B6) + ∑ B;<#&.0,;<#&.0+1;<#&.0+
923/456$2
5:2 + 

BB6),;<#&.0+1B6)1;<#&.0+ +⋯+ C&  

ESG Specification 2.1: A3D = ;& + B%,C	1A%1%,C	1A% + B',-C1',-C + 

B%,C	1A%,',-C1%,C	1A%1',-C + C&  

ESG Specification 2.2: A3D = ;& + B%,C	1A%1%,C	1A% + 

∑ B;<#&.0,;<#&.0+1;<#&.0+
923/456$2
5:2 + B%,C	1A%,;<#&.0+1%,C	1A%1;<#&.0+ +⋯+ C&  

 

Where T;,7UV5, as previously noted, refers to the credit rating of the bond and WS*A is an indicates 

whether the issue is from a corporate issuer or not.12 

In addition to the above specifications, which all investigate the effects of increased 

credibility of the issuer, two regressions exploring the effect of issue level signals are formed. Two 

different indicator variables are considered as possible signals: the presence of an external review, 

not discriminating on the type of review, and CBI certification. Both are included as the strength 

of the signals is believed to differ with the latter assumed to be the strongest. 

 

ESG Specification 3: A3D = ;& + BBF#7-.</	;7G&7H1BF#7-.</	;7G&7H + C& 

ESG Specification 4: A3D = ;& + B'(I1'(I + C& 

 

 
12 This notation is applied as to emphasize that in this case the sector variable has only two modalities, corporate and 
financial, the latter the reference modality, since no development bank issues are ESG rated and these issues, hence, 
are not used to estimate ESG Specifications 1 and 2 and their extensions. 
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Where _b,R*U;c	TRd7Re and W"f are indicator variables for the presence of an external review 

respectively a CBI certification for the green bond. 

As the development bank issuers are in no instances provided with an ESG rating, these 

institutions and cannot rely on this measure of signalling to inflict a separating equilibrium. Thus, 

development bank issues are not included in the estimation of ESG Specifications 1 and 2 and their 

extensions. This implies a significant reduction in the sample size used to estimate the regressions, 

in turn reducing the possibility of obtaining statistically significant coefficient estimates. The issue 

of statistical significance is, however, as previously noted, with just 94 estimates of the greenium 

in the first place, something which must be kept in mind during the estimation and interpretation 

of the results of all the cross-sectional regression specifications: with such small sample, one must 

take great care not to overinterpret the results.  

 

5.4.2 ESG Ratings and External Reviews as Drivers of the Greenium 

Table 6: Results of the Estimation of ESG Specifications 1-4 
 ESG Spec. 1 ESG Spec. 2 ESG Spec. 3 ESG Spec. 4 

Intercept -0.01104 
(-1.439) 

-0.00253 
(-0.318) 

-0.02716 
(-2.726)*** 

-0.01362 
(-2.683)*** 

     
ESG 0.00265 

(0.243) 
   

Top 25%  -0.01183 
(-0.944) 

  

External Review   0.02077 
(1.869)* 

 

CBI    0.01596 
(1.648) 

     
R2 0.00051 0.01618 0.04009 0.01672 

Numbers in parentheses are the t-statistics of the above estimates. Asterix denotes significance of estimates; 
* 0.05 < P(>|t|) < 0.1, ** 0.01 < P(>|t|) < 0.05,   *** 0.001< P(>|t|) < 0.01 
Note that ESG Specifications 1 and 2 are estimated on the non-development bank subsample, while ESG 
Specifications 3 and 4 are estimated on the full sample. 
 

Perhaps surprisingly, regressing the greenium estimates on the indicator for the existence of an 

issuer ESG rating from either RobecoSAM or Sustainalytics, the estimated effect of an ESG rating 

is, although minor and not nearly significant, positive, amounting to 0.265bps. Considering the 

aforementioned critique of the use of the presence of an ESG rating as a proxy for enhanced 

credibility of the issuer, the result is, however, not particularly surprising. Furthermore, 

Hachenberg and Schiereck (2018) equivalently found that presence of ESG ratings was a 



Page 60 of 81 

significant positive predictor of the greenium. The authors explained this result by arguing that 

when considering the bonds of a company, which is already perceived as “sufficiently green”, as 

indicated by the presence of the ESG rating, the conventional bonds of that issuer are by investors 

seen as equally as attractive as the green bonds. While the findings of this study are similar to those 

of Hachenberg and Schiereck (2018), apart from on the matter of statistical significance, their 

argument is challenged. 

Instead, the proposed interpretation is that the sheer presence of an ESG rating is not a 

signal which allows for a separating equilibrium, and consequently, the associated indicator 

variable is not a significant determinant of the greenium. Within this sample, for 56% of the green 

corporate bonds, the issuer possesses an ESG rating published by either RobecoSAM or 

Sustainalytics, while 86% of the financial green bonds are issued by a financial institution with an 

ESG rating from either or both agencies. The ESG rated bonds thus make up more than 80% of the 

non-development bank subset of this sample. These numbers testify to the fact that a lot of 

companies possess these ESG ratings, and, if that is so, it has the implication that simply being 

rated will not be a useful signal. This follows from that fact that investors are then not able to 

distinguish green companies from “brown” on the sole basis of the existence of an ESG rating if 

that large a share of companies are rated. What investors might look to instead is the value of the 

environmental subscore. If this is sufficiently high, it could be a valuable signal that the issuer is 

indeed positioned as greener than most of its peers and thus, a good signal of credibility of the 

green bond’s greenness. Consequently, the top rank is believed to be a superior indicator of 

credibility. 

A time trend could, however, explain the argument of Hachenberg and Schiereck (2018); 

if more issuers are ESG rated now than at the end date of their sampling period, March 2016, an 

ESG rating may at that time have produced a signal, while it does not produce a signal as of today. 

Considering that only 45% of the non-government related issuers within the sample of their study 

possessed an ESG rating. Thus, the argument may hold for their study, all the while not applying 

to this study. 

As expected, an issuer environmental subscore that places the issuer within the top 25% 

within the industry of operation does appear to have a negative effect on the greenium. While green 

bonds for which the issuer is not among the industry best trade at a greenium of -0.253bps, not 

statistically different from zero, green bonds for which the issuer is among the best are predicted 

to trade at a greenium 1.183bps lower than that. These numbers stem from the estimation of ESG 
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Specification 2, and just as the intercept estimate was insignificant, that is also the case for the 

estimate of the difference. Regardless of the absence of statistical significance, the result does 

indicate that superior environmental performance of the issuer on company level is a signal of 

superior credibility of the green credentials of the bond. 

 
Table 7A: Results of the Estimation of Extended ESG Specifications 

 ESG Spec. 1.2 ESG Spec. 1.1 ESG Spec. 2.2 ESG Spec. 2.1 

Intercept -0.02223 
(-4,219,419) 

*** 

-0.01292 
(-1.447) 

-0.01435 
(-0.715) 

-0.00058 
(-0.060) 

     
ESG 0.02135 

(2.071) ** 
0.00685 
(0.554) 

  

Top 25%   0.02008 
(0.928) 

-0.01156 
(-0.796) 

     
A 0.00130 

(0.114) 
 0.01936 

(0.828) 
 

BBB 0.01870 
(1.081) 

 0.00716 
(0.315) 

 

     
Corp  0.00472 

(0.290) 
 -0.00937 

(-0.643) 
     
ESG * A -0.00071 

(-0.038) 
   

ESG * BBB -0.048287 
(-1.725) * 

   

     
Top 25% * A   -0.03947 

(-1.420) 
 

Top 25% * BBB   -0.04730 
(-1.404) 

 

     
ESG * Corp  -0.02418 

(-1.088) 
  

     
Top 25% * Corp    -0.00617 

(-0.258) 
     
R2 0.07279 0.01591 0.09333 0.02671 

Numbers in parentheses are the t-statistics of the above estimates. Asterix denotes significance of estimates; 
* 0.05 < P(>|t|) < 0.1, ** 0.01 < P(>|t|) < 0.05,   *** 0.001< P(>|t|) < 0.01 
Note that AA is the reference modality for Rating, since the AAA and BB rated bond are excluded from the sample 
used to estimate ESG Specifications 1.2 and 2.2 because there are less than three bonds with each rating. 
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The extended ESG specifications indicate that the influence of a top issuer environmental ranking 

varies with rating; it appears stronger, i.e., of larger negative value, for the lower-rated issues, 

although the differences are not statistically significant. As the rating of the green bonds fall below 

AA, the estimate of the effect of a top Environmental rating moves from being positive, equal to 

2.008bps, to negative, amounting to -1.939bps for the A rated green bonds and -2.722 for the BBB 

rated green bonds. 

That the credibility of the issuer seems to be of larger value to investors when credit 

quality declines towards the speculative grade is aligned with expectations. As explained in section 

5.3, with the supply of green bonds being much smaller than the overall bond supply, the absolute 

size of the greenium for the lower end of the investment grade spectrum is likely to increase when 

investors are hunting for yield. Furthermore, as noted in section 2.3, credit and migration risk are 

related concepts. For issuers of BBB rated bonds, the latter is a notable concern; their bonds are 

one the verge of becoming fallen angels in case of adverse events. The downgrade from investment 

grade to high yield is known to have larger consequences on the cost of debt than any other same-

size downgrade. Ellul et al. (2011) documented this for the period of 2001-2005, while a report 

from Moody’s Analytics (Malone & Choi, 2019) confirms their findings for a more recent sample, 

2007-2018. This tendency will likely be augmented as institutional investors such as pension funds 

face increased regulatory pressures (Çelik et al., 2019). Therefore, it is expected that BBB rated 

green bonds suffer from an increased risk of redirection of the use of proceeds into more profitable 

but less green projects. The explanation is as follows: if more profitable but less green projects 

exist and a given issuer is on the edge of a downgrade because lower profitability of the company’s 

operations has led to a deterioration of credit quality, that issuer may be tempted to bend the 

definition of green, straying from what might originally have been good “green intentions”. On 

other words, investors might fear that the risk of greenwashing is larger for the in lowest-rated 

green issues. If so, they will require compensation. 

To assess the likelihood that the issuer will commit to greenwashing, investors who place 

their funds in BBB rated green bonds may look to the environmental performance of issuers, as 

measured by the environmental ranking. As previously noted, superior ESG ratings might influence 

investors’ trust in the green credentials, acting as a signal of credibility. This argument supports 

the idea that the size of the greenium for lower-rated green bonds to a larger degree depends on the 

environmental profile of the issuer. Superior performance on that dimension on company level may 

simply translate into a lower probability of succumbing to not deliver on the promises set out for 
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the green issues, because the green profile is to a larger extent integrated into the operational profile 

of that particular company. 

That the effect for the AA rated green bonds is positive, although insignificant, and of a 

size that leads the green bonds with AA ratings from issuers with a top 25% environmental rank to 

price wider than their conventional peers is, on the other hand, not expected. When a high credit 

rating implies that the above argument, that the issuer might suddenly be faced with pressures to 

defend its credit rating, in turn increasing the risk of “default” on the green intentions, is no longer 

in place, investors may not attribute the same value to a top 25% rank. This, however, does not 

explain that it should be a positive predictor of such magnitude that the greenium switches sign. 

Returning to the proposed explanation for the positive sign of the coefficient related to the ESG 

provided by Hachenberg and Schiereck (2018), the authors hypothesized that superior 

environmental performance on company level might lead concerned investors to be indifferent in 

the choice between green and conventional bonds from that company. The two bonds should, by 

the construction of the matched pairs sample and the determination of the greenium as a liquidity 

controlled premium, have equal priority in the company’s debt profile, share a similar credit risk 

and not suffer from liquidity mismatches. In other words, if perceived equally green, the greenium 

estimate resulting from the panel regression should theoretically be zero, not become positive. That 

this happens could be a consequence of omitted variable bias, that the specification fails to include 

factors that covary with the credit rating and have an impact on the greenium. Further, bearing in 

the t-statistic of just 0.928, a consequence of large standard deviations and, perhaps more 

importantly, a very low number of observations, it is once again worth noting that statistical 

significance is absent, and the results are thus to be interpreted with care. 

Considering the interaction effects of ESG ratings and sector, the mere presence of an 

ESG rating on issuer level is a minor positive predictor of the greenium for financial issues, while 

an ESG rating which places the issuers among the top performers on the environmental dimension 

has a much stronger negative impact on the greenium. For non-financial green corporate bonds, 

the effects of the two proxies of issuer credibility are, on the other hand, fairly similar to each other, 

and the impacts are both larger, i.e., more negative, than that of a top 25% environmental rating for 

financial green bonds. In total, the predicted effect of the presence of an ESG rating is equal to 

0.685bps for financial green bonds and -1.733bps for corporate green bonds, while the effects of a 

top 25% environmental ranking amount to -1.156bps and -1.773bps, respectively. 
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Particularly notable it is that the difference in the effect of a top environmental rank on 

the greenium for corporate green bonds compared to that for financial issues is negative but minor, 

while for the mere presence of an issuer ESG rating, the predicted difference is equal to -2.418bps. 

One may interpret this finding as that investors do not value the presence in an ESG rating in itself 

when assessing the credibility of a financial issuer’s “green intentions” but look, instead, to the 

value of the environmental rating, specifically the ranking of the institution that the ranking implies. 

For corporate issuers, on the other hand, it appears that the existence of an ESG rating is sufficient 

for the investors to put a quality-stamp on the green bond. 

The overall conclusion is that an ESG rating negatively impacts the greenium for 

corporate issuers, while for financial issuers the rating needs to be of a value that sets the issuer 

apart as a top performer on the environmental dimension for the effect to be negative. Further, it 

appears that the impact of an ESG rating, particularly one implying a high rank, on the greenium 

becomes increasingly negative as the rating of the green bond declines. 

With the issuer level signals accounted for, the following paragraphs will look into the 

impact of the measures that the issuer may undertake to assure investors of the credibility of the 

individual issue. 

Contrary to expectations and the results found for issuer level credibility proxies, both 

external reviews and the CBI certification are positive predictors of the greenium for the overall 

sample. According to the estimates of ESG Specifications 3 and 4, having the issued reviewed by 

an independent third-party predicts a statistically significant increase in the greenium of 2.077bps, 

while acquiring the certification of CBI predicts an, insignificant in statistical terms, increase of 

1.596bps. This is unexpected and warrants a look into whether the effects differ across sectors and 

ratings as they do for the issue-level credibility signals. This, however, is only possible for the 

external review factor, as only 14 green bonds within this sample are CBI certified. With 13 of 

those being financial green bonds and with only two rating groups, AA and A, containing at least 

three CBI certified green bonds, neither rating nor sector interaction effects can be explored. The 

opposite holds for external reviews; 77% of the green bonds within this sample have been under 

one of the various kinds of independent third-party reviews that currently are available for the 

issuer to acquire. 

Examining the differences in the use of external review across sectors and ratings, the 

use of external reviews, interestingly, is more widespread among financial issuers, while 

development bank and, particularly, non-financial corporations do not acquire such assurance as 



Page 65 of 81 

often. When looking at the percentages of green bonds equipped with an external review for the 

different rating levels, 69% and 64% of the AAA and BBB rated green bonds have been under 

review, while the numbers are considerably larger for the AA and A rated green bonds, 86% and 

91%, respectively. The latter might be a reflection of the former, just as explained in section 5.3.1, 

where the in-sample skewness in the ratings-sector dimension was accounted for. This skewness, 

however, also implies that an extension similar as to that for ESG Specifications 1.2 and 2.2 would 

not comply with the requirement that any subgroup should contain at least three observations. The 

breakdown on sector is, conversely, still possible to estimate. 

 

ESG Specification 3.1: A3D = ;& + BBF#7-.</	;7G&7H1BF#7-.</	;7G&7H + 

∑ B678#,-+1678#,-+
9,-./01$2
5:2 + BBF#7-.</	;7G&7H,678#,-+1BF#7-.</	;7G&7H1678#,-+ +⋯+ C&  

 
Table 7B: Results of the Estimation of Extended ESG Specifications 

 ESG Spec 3.1 

Intercept -0.03023 
(-2.490)** 

  
External Review 0.02141 

(1.515) 
  
Sector Financial -0.00039 

(-0.017) 
Sector Corporate 0.02356 

(1.014) 
  
External Review 
* Financial 

0.00769 
(0.302) 

External Review 
* Corporate 

-0.03816 
(-1.455) 

  
R2 0.06340 

Numbers in parentheses are the t-statistics of the above estimates. Asterix denotes significance of estimates; 
* 0.05 < P(>|t|) < 0.1, ** 0.01 < P(>|t|) < 0.05,   *** 0.001< P(>|t|) < 0.01 
 
With a reference of development bank green bonds, the estimated intercept is statistically 

significant at -3.023bps, while external certification appears to be a positive, although only close 

to but not quite statistically significant, predictor of the greenium of 2.141bps. While non-reviewed 

financial green bonds trade with a marginally more negative greenium, the corporate green bonds 

that are not reviewed trade with a greenium much closer to zero, although, again, the differences 



Page 66 of 81 

are not statistically significant. What is interesting is that the positive prediction of the greenium 

which the external review implies for the development bank bonds increases marginally to 

2.910bps for financial bonds, but decreases, becoming negative and equal to -1.675bps for 

corporate bonds. The differences in the effect of having received an external review are not 

statistically significant, but regardless of the lack of significance, it is anyway noteworthy that the 

differences, particular that difference between corporate bonds and development bank and financial 

bonds are rather large. 

In conclusion, while the signalling options available for issuers to assure investors of the 

credibility of the green credentials of the individual green bonds are not in general considered 

valuable by investors, a stronger environmental profile of a given issuer than its peers translate into 

a larger negative value of the greenium. Thus, the signals that the issuer can send intentionally, 

without necessarily taking broader action on company level are not of a strength which allows for 

a separating equilibrium. Rather, issuers can distinguish themselves by enhancing their 

environmental score on issuer level, which is indeed a less direct way of assuring investors of the 

credentials of the green bond. 

 

6 Discussion 

Pursuing evidence of a greenium, this thesis has taken the form of an empirical project. In an 

attempt to complement the empirical study with a theoretical perspective on the impact of 

environmental performance on asset pricing, this section will introduce a novel model, which 

develops an ESG-adjusted CAPM. The introduction of this model will lead to a discussion of how 

it can explain the evidence in favour of a greenium which was provided in section 5. 

Standard asset pricing models are based on a range of simplifying assumptions. Among 

these is the assumption of complete agreement among investors, who, as follows from another of 

said assumptions, base their portfolio decisions on the anticipated payoffs of the available assets. 

Though several academics have criticized especially the former of the two aforementioned 

assumptions, only few have provided simple intuitions as for the effects on disagreement on the 

asset pricing models. Among these are Fama and French (2007), who develops a framework for 

studying the effects of disagreement, a framework, which, further, is extended and applied to the 

study of the pricing effects of what the authors describe as “tastes”. “Tastes”, or preferences, are a 

violation of the second of the aforementioned assumptions and is best and most broadly defined as 
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non-pecuniary motives which influence the investor’s portfolio choice. Applying their framework 

to the CAPM, Fama and French (2007) divides investors into two types, where one type has tastes 

and the other is guided solely by mean-variance optimization. The authors argue that only in the 

case that the tastes of the group of type one investors perfectly offsets, such that the group as a 

whole holds the market portfolio, will the standard asset pricing model result hold. If that condition 

is not satisfied, tastes will lead to a deviation from CAPM pricing, a deviation that may be large 

and which, contrary to deviations induced by disagreement, is likely to be sustained for a longer 

period, as tastes are exogenous and thus not necessarily “corrected” over time. Baker et al. (2018) 

rely on a model very similar to that of Fama and French (2007) when developing the motivation 

behind their study of green bonds and, indeed, SRI is also used as a prime example of tastes not 

related to returns by Fama and French (2007, p. 675). 

Turning to the topic of the impact of ESG factors, studies suggest that it might extend 

further than to be merely a question of preferences (Oikonomou et al., 2014; Bauer & Hann, 2010). 

While the theoretical frameworks of both Fama and French (2007) and Baker et al. (2018) includes 

investor preference, they do, however, view the actions of firms as exogenous and they do not 

account for any real effects of ESG factors on firms’ financials. This is where the paper of Heje 

Pedersen et al. (2019) provides a novel angle on the asset pricing impacts of ESG. Not only do 

their model build on the acknowledgement that investors may have preferences for high-ESG 

assets, they also allow for the ESG factors to provide information on firm fundamentals. 

While Fama and French (2007) and Baker et al. (2018) divided investors into two distinct 

groups, Heje Pedersen et al. (2019) distinguishes between three types of investors, the ESG 

unaware, the ESG aware and the ESG motivated investors. The interpretation of the types is 

straightforward. The unaware investors, type-U, have neither preferences nor the ability to infer 

any information from ESG signals. ESG aware, type-A, investors, on the other hand, update their 

beliefs, i.e. the expected excess returns and variances of securities, given the ESG signals, but they 

do not have any preferences for ESG. At last, ESG motivated, type-M, investors both update beliefs 

and have preferences for ESG, i.e. their utility function differs from that of the other types of 

investors. 

Contrary to the previous models, Heje Pedersen et al. (2019) not only argue for the 

pricing effects of ESG but develop an ESG-adjusted CAPM, where the solution to the individual 

investor’s portfolio problem is characterised by an ESG-efficient frontier. Depending on the 

distribution of investors across the three distinct types, several possible equilibria exist. 
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If all investors are of type-U, the standard CAPM equilibrium price equation holds, 

 

A& =
g3D −

h
i %Sd(d& , d

J)

1 + *K
 

 

And the unconditional expected excess returns will similarly be equivalent to the unconditional 

CAPM: 

 

_(*&) = B&_(*
J) 

 

However, the conditional expected returns are given by 
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Conditional expected returns are thus equivalent to the unconditional CAPM expected returns plus 

some term which will be positive for high-ESG firms if a high ESG score indicates high future 

profits, i.e., if j > 0 (Heje Pedersen et al., 2019, p. 13). As such, the model provides a theoretical 

explanation as for why studies have found that some ESG metrics are positive predictors of returns; 

if all investors are unaware that a given ESG metric indicates superior firm fundamentals, securities 

of that firm will earn abnormal returns, also known as positive CAPM alphas.  

Contrarily, in a setting in which all investors are ESG motivated, equilibrium prices are 

given by 

 

A& =
g3D + j(4& − 4

J) −
h
i %Sd(d& , d

J|4)

1 + *K − l(4& − 4J)
 

 

And the equilibrium conditional expected excess returns by 

 

_(*&|4) = B3m_(*
J|4) − l(4& − 4

J) 
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If all investors are of type-A, equilibrium prices and expected excess returns are as given by the 

above equations, but with l = 0 (Heje Pedersen et al., 2019, p. 14-15). 

From this follows that when all investors are aware of j, but do not have any preferences 

for ESG, a conditional CAPM equilibrium applies, in which all information provided by the 

company ESG scores is already incorporated in asset prices. As such, the possibility of earning 

abnormal returns on the basis of ESG scores vanishes. This provides a theoretical explanation for 

the development noted by Borgers et al. (2013), who did indeed suggest that it was the increased 

investor interest in and knowledge of the effects of ESG was behind the disappearance of the 

positive relation between ESG and returns over time. 

What happens when all types of investors are present in the market is, thus, not clear. 

ESG factors affect the expected returns through the non-pecuniary component that the utility 

functions of some investors contain. All else equal, the presence of type-M investors in the market 

will increase demand for high-ESG assets, leading to increases in asset prices and, consequently, 

lower required returns for these ESG friendly securities. Conversely, when some share of investors 

is type-M, the prices of low-ESG assets will be lower and their expected returns thus higher. 

However, given that j > 0, if a sufficiently large number of investors are of type-U and 

consequently does not recognise the informational value of ESG scores, then the information 

provided by the ESG score will not be fully reflected in asset prices, and that will drive the 

conditional expected excess returns of high-ESG assets higher. As such, how a given ESG factor 

affects returns depends on the relative strength of these two effects. 

The ESG-adjusted CAPM provides a theoretical intuition for the disagreement on the 

pricing implications of ESG documented in the empirical studies on the matter. Additionally, it 

explains the link between ESG and credit rating; if firm fundamentals depend on ESG factors and 

a given ESG metric has a positive implication for said fundamentals, a higher score of a given firm 

of that particular metric should, all else equal, translate into a higher credit rating. 

In providing a theoretical motivation as for why a greenium may exist, however, the 

model of Heje Pedersen et al. (2019) provides no more insight than the frameworks of Fama and 

French (2019) and Baker et al. (2018). Given that all other risk factors are controlled for and the 

seniority of the green bonds equivalent to that of the conventional bonds, any effects of ESG on 

fundamentals would have similar effects on both bonds. Indeed, if ESG had positive implications 

that not all investors were aware of, yields of both conventional and green bonds would allow 
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investors to earn abnormal returns, all else equal.13 Thus, the impact of ESG on company 

fundamentals does not provide any theoretical reasoning as to why there should be a greenium. 

Contrarily, as both Baker et al. (2018) and Zerbib (2019) have also argued, the greenium should be 

the sole result of investor preferences, i.e., increased demand and lower required returns for green 

bonds as compared to their conventional peers.  

For ringfenced issues, on the other hand, this would be different as then an incorporated 

informational value of a given ESG factor could lead to some issues carrying lower credit ratings 

than their true credit quality would imply. Specifically, ringfenced green bonds could, when 

compared to otherwise similar conventional bonds, be associated with a significant greenium, given 

that the two following conditions held up: First, credit rating agencies did not fully account for the 

supposedly positive impacts on profits and/or risks of the projects to which bonds proceeds were 

directed, while, second, the vast majority of investors were ESG aware or, even, motivated. Even 

without any type-M investors, i.e., in the absence of preferences, the effects ensured by the 

combination of j > 0 and the above conditions would lead a study of this kind to find evidence of 

a greenium. However, this would be a result of a flawed matching methodology. If credit ratings 

did not reflect the true credit risk of the green bonds, using ratings to match green and conventional 

issues would yield a sample in which green issues were consistently matched to riskier 

conventional issues. Thus, even with only type-A investors, the application of the above analysis 

to such a sample would yield a negative greenium estimate, as investors would know that the true 

riskiness of the green bond was below that expected by rating agencies and thus, also below that 

of the conventional bonds to which it was matched.  

As, e.g., Flammer (2013) argues, care for the environment has become the norm. In the 

framework of Heje Pedersen et al. (2019), this would translate into the presence of only few 

investors of type-U, which, in turn, would explain why this study finds an only minor, albeit 

statistically significant, greenium equal to -1.125bps. 

 

 
13 If fundamentals were better, the bond would have a lower credit risk than what type-U investors consider it to be 
associated with. If bonds were priced according to the wrong perceptions of type-U investors, which is likely to happen 
in the case that rating agencies are equally unaware, the yields would be above those justified for a bond with credit 
risk similar to the true credit risk of the bond in question. 
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7 Conclusion 

Despite the massively increased attention to climate change and, in turn, to environmentally 

friendly investments, this study shows that preferences for this type of investments do not translate 

into significant pricing discrepancies. The empirical analysis of 94 matched pairs of green and 

conventional bonds documents a greenium of -1.125bps in the secondary market, which, despite 

its statistical significance, is considered economically immaterial. A large number of studies have 

explored the link between ESG factors and equity returns and the impact of ESG factors on 

financial performance and, to a lesser extent, credit ratings and cost of debt. However, the majority 

of the extant literature investigating the impact on asset prices have not attempted to explicitly 

separate effects of non-pecuniary preferences among investors from the effects related to the 

materiality of a given ESG factor. Green bond studies are, in this aspect, different as they allow for 

a control of the effects of the improved risk management and mitigation, which several authors 

have found that firms with superior ESG profiles exhibit. 

Consistent with the second hypothesis, the issue-specific greenium estimates varies 

significantly in the cross-section, a variation which can, to some degree, be explained by certain 

issue and issuer level characteristics. 

The average greenium estimate is less negative for financial issues when compared to 

development bank and corporate issues. This indicates that the increased difficulty that financial 

issuers face in establishing transparency on the use of proceeds leaves investors unwilling to pay 

as large a premium for financial green bonds. However, the cross-sectional regressions of the 

greenium estimates on the indicator variables of sectors provide no support for hypothesis 2.1. The 

coefficient estimate of the indicator for financial issues, when exclusively considering sector 

effects as drivers of the greenium, is positive but minor and statistically insignificant with a value 

of just 0.775bps. 

A notable overlap of the development bank and AAA rated bond pairs of the sample on 

which the empirical analysis is based motivates a look into the interaction effects of sector and 

credit rating. As these categories are the reference modalities of the categoric variables sector and 

credit rating, estimates of the effects related to these features are included in the intercept estimates 

of the regression specifications, and therefore, even when including both sector and rating as 

explanatory variables it is very difficult to distinguish either effect from the other. 

Further, while sector was not found to be a statistically significant driver of the greenium, 

credit rating has an impact. Specifically, the greenium declines when credit quality is reduced, 
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however, the effect is masked by the low greenium estimates for the development bank green 

bonds, for which the greenium increases when credit rating declines from AAA to AA. For the full 

sample, AAA rated bonds are associated with a greenium of -1.903bps, statistically significant at 

the 1% level. Reducing credit quality to AA and A, the greenium approaches zero, although only 

the difference from AAA to AA is significant and only at the 10% level. The difference in the 

greeniums of AAA and BBB rated green bonds is negative but minor and insignificant. 

Thus, when considering financial and corporate green bonds in isolation, credit quality 

appears to drive the greenium, a finding which is suggested to be the result of the hunt for yield. 

The pursuit of yield implies a higher demand for lower-rated bonds, and, bearing in mind the 

limited size of the green bond market in comparison to the bond market as a whole, this translates 

into a larger greenium for lower-rated issues. 

While the support for hypothesis 2.1 was lacking, the evidence backs hypothesis 2.2, that 

the greenium is larger when the issuer succeeds in mitigating the informational asymmetries that 

characterize the market for green bonds. However, it appears that not all attempts at signalling 

credibility of green credentials work equally well. This study considers four different kinds of 

hypothesized signals, whereof two, acquiring an external review or obtaining CBI certification, are 

directly related to the individual green bond, while the others are issuer-level measures. 

Interestingly, the effect of the latter appears more efficient in terms of inflicting a separating 

equilibrium. 

In particular, the greenium is lower for green bonds issued by financials or corporates 

whose issuer ESG rating’s environmental subscore classifies the issuer as among the top 25% 

within the industry of operation. Though the difference is statistically insignificant, green bonds 

from these issuers are priced at a greenium 1.183bps lower than that for green bonds of issuers 

without an ESG rating or with a lower score for the environmental pillar. On the other hand, the 

mere presence of an ESG rating does not appear to send a signal, something which is perfectly 

understandable considering that the share of financial and corporate issues for which the issuer is 

provided with an ESG rating amounts to more than 80% within this sample. For corporate issues 

in isolation, the presence is enough to induce a decrease in the greenium of more than 1.7bps, while 

for the financial issues, the presence of an ESG rating is a positive predictor. Contrarily, a top 

environmental rank is associated with a drop of 1.156bps for financial issues. None of the 

differences are statistically significant, but the results do indicate that signals of superior credibility 

of green bond credentials have pricing implications. 
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The popularity of external reviews appears to leave issuers unable to send a signal by 

acquiring these reviews; just as for ESG ratings, too large a share of green bonds reviewed for it to 

lead to a separating equilibrium. Indeed, external reviews are associated with a 2.077bps increase 

in the greenium, an increase which is statistically significant at the 10% level. CBI certification, 

though believed to send a stronger signal and not subject to a popularity that may blur the effect, 

also predicts the greenium positively, although the 1.596bps difference is not significant. 

For a top environmental performance in particular, the impact on the greenium varies 

across sectors and particularly across ratings, with the negative prediction being more pronounced 

for the BBB rated issues. This is believed to be the result of an increased risk of greenwashing for 

the lower-rated issues. Issuers of BBB rated bonds will, in general, face larger increases in their 

borrowing costs following a rating downgrade than issuers from other rating brackets. Thus, if 

anticipating a downgrade because of deteriorating profitability, they may feel pressured into 

reallocating funds of green bonds to less green but more profitable projects. For the purpose of 

distinguishing companies for which attention to the environment is an integrated part of operations, 

something which is believed to make them less likely to commit to greenwashing, a top 

environmental score might be useful and that could explain the larger negative impact for BBB 

issues. 

In conclusion, this study documents a small, albeit statistically significant, negative 

greenium, suggesting that a number of investors in the green bond market have pro-environmental 

preferences and thus are willing to accept lower yields for green bonds. The empirical analysis of 

the cross-sectional variation in the greenium indicates that credit rating has an impact on the size 

of the greenium, although effects are not statistically significant. This is believed to reflect a 

stronger demand of lower-rated than higher-rated securities. Moreover, green bonds of financial 

issuers, for whom it is more difficult to establish transparency on the use of proceeds, appear to 

trade with a greenium closer to zero, although it is not possible to reject insignificance of sector 

effects at any significance level. The opacity of the green bond market also has the consequence 

that green bonds of issuers who succeed in sending a strong signal to investors that their bond is 

truly green trade at a larger negative greenium. 

Relating the minor size of the greenium to the previously documented lower costs of debt 

for firms with superior environmental performance, this reduction is therefore expected to be an 

effect of the financial materiality of environmental issues. In the terminology of Heje Pedersen et 

al. (2019), if a sufficiently large share of investors are aware that measures of firm environmental 
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performance provide information on firm fundamentals while rating agencies are unaware, when 

matching otherwise equivalent bonds from firms with different environmental and proxying credit 

risk by rating, one would find pricing discrepancies. 

Noting an overall small but negative and statistically significant greenium, this study 

contributes with support to the calls for further growth and development of the green bond market. 

The greenium is minor and thus not expected to discourage investors from buying green debt. But 

this study also underscores the importance of increasing transparency; while demand is present and 

supply has, to a large extent, followed, the empirical analysis suggests pricing implications of 

asymmetric information, and thus, it supports the idea that standardization and legislation 

measures, such as the launch of an EU-GBS, would aid substantially in propelling market growth. 

  



Page 75 of 81 

8 Literature 

Akerlof, G. A. (1970). The market for lemons; Quality uncertainty and the market mechanism. 
The Quarterly Journal of Economics, 84(3), 488-500. 

 
Bachelet, M., Becchetti, L., & Manfredonia, S. (2019). The green bonds premium puzzle: The 

role of issuer characteristics and third-party verification. Sustainability, 11, 1098. 
 
Bagnoli, M., & Watts, S. G. (2017). Voluntary assurance of voluntary CSR disclosure. Journal of 

Economics & Management Strategy, 26, 205-230. 
 
Baker, M., Bergstresser, D., Serafeim, G., & Wurgler, J. (2018). Financing the Response to 

Climate Change: The Pricing and Ownership of U.S. Green Bonds [NBER Working 
Paper No. 25194]. https://doi.org/10.3386/w25194 

 
Bauer, R., & Hann, D. (2010). Corporate Environmental Management and Credit Risk 

[Maastricht University Working Paper]. https://doi.org/10.2139/ssrn.1660470 
 
Borgers, A., Derwall, J., Koedijk, K., & Ter Horst, J. (2013). Stakeholder relations and stock 

returns: On errors in investors' expectations and learning. Journal of Empirical 
Finance, 22(1), 159-175. 

 
Casey, R. J., & Grenier, J. H. (2015). Understanding and contributing to the enigma of corporate 

social responsibility (CSR) assurance in the United States. AUDITING: A Journal of 
Practice & Theory, 34(1-3), 97-130. 

 
Çelik, S., Demirtaş, G., & Isaksson, M. (2019). Corporate Bond Markets in a Time of 

Unconventional Monetary Policy [Contribution to the OECD Capital Market Series]. 
https://oecd.org/corporate/Corporate-Bond-Markets-in-a-Time-of-Unconventional-
Monetary-Policy.htm 

 
Çelik, S., Demirtaş, G., & Isaksson, M. (2020). Corporate Bond Market Trends, Emerging Risks 

and Monetary Policy [Contribution to the OECD Capital Market Series]. 
https://oecd.org/corporate/Corporate-Bond-Market-Trends-Emerging-Risks-and-
Monetary-Policy.htm 

 
Climate Bonds Initiative. (n.d.a). Basic Certification. 

https://www.climatebonds.net/certification/get-certified 
 
Climate Bonds Initiative. (n.d.b). Pricing Reports. 

https://www.climatebonds.net/resources/reports?field_report_type_tid=583&field_repo
rt_language_tid=590 

 
Cochu, A., Glenting, C., Hogg, D., Georgiev, I., Skolina, J., Eisinger, F., Jespersen, M., Agster, 

R., Fawkes, S., & Chowdhury, T. (2016). Study on the Potential of Green Bond 
Finance for Resource-Efficient Investments [Report prepared for the European 
Commission]. doi:10.2779/234777 

 



Page 76 of 81 

Dhaliwal, D., Li, O., Tsang, A., & Yang, Y. (2011). Voluntary nonfinancial disclosure and the 
cost of equity capital: The initiation of corporate social responsibility reporting. The 
Accounting Review, 86, 59-100. 

 
Dick-Nielsen, J., Feldhütter, P., & Lando, D. (2012). Corporate bond liquidity before and after 

the onset of the subprime crisis. Journal of Financial Economics, 103(3), 471-492. 
 
Ellul, A., Jotikasthira, C., & Lundblad, C. (2011). Regulatory pressure and fire sales in the 

corporate bond market. Journal of Financial Economics, 101(3), 596-620. 
 
EU Technical Expert Group on Sustainable Finance (EU TEG). (2019). Proposal for an EU 

Green Bond Standard [TEG Report as of June 2019]. 
 
Fama, E. F., & French, K. R. (2007). Disagreement, tastes, and asset prices. Journal of Financial 

Economics, 83(3), 667-689. 
 
Fatica, S., Panzica, R., & Rancan, M. (2019). The Pricing of Green Bonds: are Financial 

Institutions Special? [European Commission Joint Research Centre Working Paper]. 
https://doi.org/10.2760/496913 

 
Flammer, C. (2013). Corporate social responsibility and shareholder reaction: The environmental 

awareness of investors. Academy of Management Journal, 56(3), 758-781. 
 
Hachenberg, B., & Schiereck, D. (2018). Are green bonds priced differently from conventional 

bonds?. Journal of Asset Management, 19, 371-383. 
 
Healy, P. M., & Palepu, K. G. (2001). Information asymmetry, corporate disclosure and the 

capital Markets: A Review of the Empirical Disclosure Literature. Journal of 
Accounting and Economics, 31, 405-440. 

 
Heje Pedersen, L., Fitzgibbons, S., & Pomorski, L. (2019). Responsible Investing: The ESG-

Efficient Frontier. https://doi.org/10.2139/ssrn.3466417 
 
Hong, H., & Kacperczyk, M. (2009). The price of sin: The effects of social norms on markets. 

Journal of Financial Economics, 93(1), 15-36. 
 
Höchstädter, A. K., & Scheck, B. (2015). What’s in a name: An analysis of impact investing 

understandings by academics and practitioners. Journal of Business Ethics, 132(2), 
449-475. 

 
ICMA. (n.d.) Green Bond Principles (GBP). https://www.icmagroup.org/green-social-and-

sustainability-bonds/green-bond-principles-gbp/ 
 
ICMA. (2018a). Green Bond Principles (GBP) - Voluntary Process Guidelines for Issuing Green 

Bonds June 2018 [PDF]. 
https://www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/June-
2018/Green-Bond-Principles---June-2018-140618-WEB.pdf 

 



Page 77 of 81 

ICMA. (2018b). Guidelines for Green, Social and Sustainability Bonds External Reviews June 
2018 [PDF]. https://www.icmagroup.org/assets/documents/Regulatory/Green-
Bonds/June-2018/Guidelines-for-Green-Social-and-Sustainability-Bonds-External-
Reviews---June-2018-140618-WEB.pdf 

 
Kempf, A., & Osthoff, P. (2007). The effect of socially responsible investing on portfolio 

performance. European Financial Management, 13(5), 908-922. 
 
Long, J. S., & Ervin, L. H. (2000). Using heteroscedasticity consistent standard errors in the 

linear regression model. The American Statistician, 54(3), 217-224. 
 
Malone, S. W., & Choi, Y. (2019). Dealing with Fallen Angel Risk. 

https://www.moodysanalytics.com/-/media/article/2019/dealing-with-fallen-angel-
risk.pdf 

 
Oikonomou, I., Brooks, C., & Pavelin, S. (2014). The effects of corporate social performance on 

the cost of corporate debt and credit ratings. The Financial Review, 49(1), 49-75. 
 
PRI Association. (n.d.). What is Responsible Investment. https://www.unpri.org/pri/an-

introduction-to-responsible-investment/what-is-responsible-investment 
 
Rogers, J., & Serafeim, G. (2019). Pathways to Materiality: How Sustainability Issues Become 

Financially Material to Corporations and Their Investors [Harvard Business School 
Working Paper, No. 20-056]. 

 
Sandberg, J., Juravle, C., Hedesström, T. M., & Hamilton, I. (2009). The heterogeneity of 

socially responsible investment. Journal of Business Ethics, 84(4), 519-533. 
 
Spence, M. (1973). Job market signaling. The Quarterly Journal of Economics, 87(3), 355-374. 
 
Wulandari, F., Schaefer, D., Stephan, A., & Sun, C. (2018). Liquidity Risk and Yield Spreads of 

Green Bonds [DIW Berlin Discussion Paper No. 1728]. 
https://doi.org/10.2139/ssrn.3161323 

 
Zerbib, O. D. (2019). The effect of pro-environmental preferences on bond prices: Evidence from 

green bonds. Journal of Banking & Finance, 98, 39-60. 
 
  



Page 78 of 81 

9 Appendix 

Table 1: Results of the Durbin-Watson and Breusch-Pagan Tests 
Panel Regression 

Durbin-Watson Breusch-Pagan (Studentized) 
Test Statistic p-value Test Statistic p-value 

0.053 <0.001 293.9 <0.001 
 
Cross-Sectional Regression 

 
Breusch-Pagan (Studentized) 

 Test Statistic p-value 
Specification 1 28.099 <0.001 
Specification 2 23.539 0.001 
Specification 3 3.078 0.215 
Specification 4 
  Full sample 8.574 0.036 

Specification 4 
  Development bank subset 3.919 0.048 

Specification 4 
  Non-development bank subset 4.512 0.105 

Specification 4 
  Financial subset 14.704 <0.001 

Specification 5 23.134 <0.001 
ESG Specification 1  3.264 0.071 
ESG Specification 1.1 8.340 0.138 
ESG Specification 1.2 5.093 0.165 
ESG Specification 2 1.769 0.184 
ESG Specification 2.1 13.855 0.017 
ESG Specification 2.2 3.778 0.286 
ESG Specification 3 0.457 0.499 
ESG Specification 3.1 4.336 0.502 
ESG Specification 4 2.043 0.152 
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Table 2: Results of the Estimation of the Panel Regression 

 Estimate Std. Error t-value Significance 
 ∆&': #$ -0.14276    0.00557 -25.660 *** 

1 -0.12471 0.01279 -9.748 *** 
2 -0.06094 0.00806 -7.566 *** 
3 -0.04728 0.00248 -19.102 *** 
4 -0.00725 0.00558 -1.299  

5 -0.00845 0.00402 -2.100 * 
6 -0.05034 0.00207 -24.305 *** 
7 -0.00269 0.00463 -0.581  

8 -0.00843 0.00361 -2.337 * 
9 -0.08874 0.01063 -8.347 *** 

10 -0.01694 0.00501 -3.381 *** 
11 -0.01607 0.00391 -4.105 *** 
12 0.05547 0.01094 5.068 *** 
13 0.01069 0.00258 4.141 *** 
14 -0.01990 0.00279 -7.122 *** 
15 0.02407 0.00610 3.942 *** 
16 -0.08279 0.00416 -19.883 *** 
17 -0.05448 0.00323 -16.656 *** 
18 -0.01631 0.00302 -5.411 *** 
19 -0.00761 0.00391 -1.946 * 
20 0.04307 0.00259 16.652 *** 
21 -0.00488 0.00291 -1.677 * 
22 0.00257 0.00301 0.853  

23 -0.02059 0.00182 -11.33 *** 
24 0.08207 0.00494 16.62 *** 
25 -0.02403 0.00245 -9.803 *** 
26 0.05984 0.00332 18.026 *** 
27 -0.04507 0.00544 -8.29 *** 
28 0.05693 0.00311 18.328 *** 
29 -0.02378 0.00228 -10.448 *** 
30 -0.00081 0.00208 -0.387  

31 0.00950 0.00258 3.682 *** 
32 0.01972 0.01102 1.790 * 
33 0.01218 0.00815 1.494  

34 0.07247 0.00251 28.885 *** 
35 -0.03964 0.00193 -20.494 *** 
36 -0.02457 0.00281 -8.750 *** 
37 0.02706 0.00215 12.602 *** 
38 -0.04353 0.00352 -12.361 *** 
39 0.01102 0.00323 3.411 *** 
40 -0.08473 0.00361 -23.469 *** 
41 0.05001 0.00366 13.666 *** 
42 -0.05184 0.00378 -13.697 *** 
43 -0.16965 0.00745 -22.785 *** 
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 Estimate Std. Error t-value Significance 
44 -0.02488 0.00793 -3.138 ** 
45 0.01014 0.00183 5.529 *** 
46 -0.03176 0.00481 -6.606 *** 
47 0.00255 0.00370 0.690  

48 0.01888 0.00687 2.748 ** 
49 -0.04766 0.00534 -8.926 *** 
50 0.02447 0.00271 9.026 *** 
51 0.04410 0.00337 13.093 *** 
52 0.05146 0.00440 11.686 *** 
53 -0.00657 0.00177 -3.719 *** 
54 0.00759 0.00419 1.811 * 
55 -0.07151 0.00428 -16.715 *** 
56 -0.00615 0.00238 -2.591 ** 
57 -0.01240 0.00309 -4.021 *** 
58 -0.00377 0.00212 -1.779 * 
59 0.01413 0.00222 6.371 *** 
60 0.02593 0.00227 11.421 *** 
61 -0.06777 0.00487 -13.911 *** 
62 -0.02223 0.00248 -8.981 *** 
63 -0.03264 0.00164 -19.938 *** 
64 -0.14994 0.00547 -27.436 *** 
65 -0.00369 0.00954 -0.387  

66 -0.03108 0.00226 -13.726 *** 
67 -0.00331 0.00357 -0.926  

68 0.03129 0.00288 10.873 *** 
69 -0.00370 0.00577 -0.641  

70 0.00018 0.00246 0.075  

71 0.00272 0.00302 0.901  

72 -0.01160 0.00208 -5.587 *** 
73 -0.00512 0.00232 -2.202 * 
74 0.00261 0.00277 0.941  

75 -0.02085 0.00806 -2.587 ** 
76 0.02600 0.00407 6.382 *** 
77 0.00155 0.00701 0.220  

78 -0.10625 0.00531 -20.022 *** 
79 -0.03042 0.00254 -11.992 *** 
80 0.00042 0.00211 0.197  

81 0.00186 0.00452 0.411  

82 0.01771 0.00245 7.236 *** 
83 -0.00477 0.00746 -0.639  

84 0.00464 0.00367 1.264  

85 -0.00582 0.00315 -1.847 * 
86 0.00560 0.01035 0.541  

87 -0.03173 0.0045 -7.025 *** 
88 -0.00335 0.00255 -1.311  

89 0.00204 0.00460 0.444  
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 Estimate Std. Error t-value Significance 
90 0.01001 0.00203 4.921 *** 
91 -0.08443 0.00730 -11.558 *** 
92 0.00525 0.00279 1.885 * 
93 -0.01544 0.00421 -3.671 *** 
94 0.08002 0.00664 12.053 *** 

 
 
 
 
Table 3: Overview of Regressors 

Variable Description Modalities 

NUMERICAL VARIABLES 

'73# Years to maturity of the green bond  

123# Issue amount in EUR million of the green bond  

CATEGORICAL VARIABLES – INDICATOR VARIABLES 

;<= Presence of an ESG issuer rating from either RobecoSAM 
or Sustainalytics 

 

>?!	25% An environmental pillar subscore which sets the issuer 
apart as among the 25% best. 

 

;C3DEF2G	HDI"DJ The green bond has received an external review  

K&L The green bond is CBI certified  

K?E! The green bond is a corporate issue  

CATEGORICAL VARIABLES – VARIABLES WITH MULTIPLE MODALITIES 

<DM3?E= Sector of the issuer Government (Reference) 
Financial 
Corporate 

H23"FN= 
 

Credit rating of the bond AAA (Reference) 
AA 
A 
BBB 

KOEEDFM#= Currency of denomination the bond EUR (Reference) 
USD 
Other 

 


