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Abstract

We study green bonds, whose proceeds finance climate-friendly projects. After an

overview of the rapid development of the global green bond market, we study pricing

differences between green and nongreen bonds in the secondary corporate bond market.

To calculate the relative price of green bonds, we match green bonds to similar ordi-

nary bonds issued by the same firm. As predicted, we find that green bonds trade at

a premium to nongreen bonds. We also find implications that this premium is larger

for bonds that have been certified by the Climate Bonds Initiative. This paper adds to,

and updates, the growing body of evidence on green bond pricing dynamics.
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1 Introduction

Over the last decades, it has become evident that the way humans interact with the

planet is unsustainable, depletes natural resources and rapidly changes our natural en-

vironment. On the 28th of February 2022, the Intergovernmental Panel on Climate

Change (IPCC) released its latest update on the developments of climate change. The

report concluded that its effects are already more widespread, impacting nature and

people more intensely, more frequently and over a wider geographical area than previ-

ously believed (IPCC, 2022). Some of the effects are already inevitable and will continue

growing over the coming decades, while others can still be mitigated by taking relevant

measures. Further consequences of climate change can still be reduced by decreasing

greenhouse gas emissions, but there must be global simultaneous adaptation to deal with

the already irreversible effects.

To achieve this, there is a large need for capital to be channeled towards cli-

mate change mitigation and adaptation measures. The last major joint commitment

to facilitate this was made in 2015, when the developed countries that signed the Paris

Agreements pledged to make USD 100 billion available annually for green investments

between 2020-2025, and at least that amount in the years after. OECD estimates, how-

ever, suggested that USD 6.2 trillion per year in investments would be needed between

2016-2030 to achieve the ‘low carbon’ scenario (OECD, 2017). That estimate is far

higher than the amount pledged under the Paris Agreements, and more than double the

then-prevailing annual USD 3 trillion that was invested in infrastructure globally. So,

to attain the necessary investments required for the low carbon scenario, considerable

additional capital had to be mobilized.

An obvious place to look, then, were the international capital markets. The

OECD (2017) and World Bank (2015) considered especially the bond market, valued

around USD 128.3 trillion as of August 2020 (ICMA, 2020), a critical source of funding

the energy transition. Energy transition investments, which are mostly in infrastructure,
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are generally characterized by high upfront investment costs and long subsequent asset

lifetimes, for which bonds are an ideal-suited financing instrument.

For that reason, a new type of bond appeared in the market: a green bond.

Green bonds are a special type of bonds that have the specific goal of allocating capi-

tal to projects related to climate change mitigation and adaptation (CBI, 2020). Use of

proceeds of green bonds are constrained to being invested in projects that benefit the en-

vironment and therefore offer less spending flexibility than their nongreen counterparts.

The first green bond was issued by the European Investment Bank (EIB) in 2007, and

since then they have been issued extensively by national governments, supranationals,

municipalities, financial institutions, and corporations. Since its inception, the green

bond market has grown exponentially, reaching a new record high of USD 500 billion

in new issues in 2021 (CBI, 2022). Figure 1.1 below presents an overview of the green

bond market development between 2014-2021.

Figure 1.1: Total green bond issues, ($ billion)

Source: CBI, 2022
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Shown in table 1.1 on the next page are the 2021 issues split by region, currency,

issuer type, and use of proceeds. About half of the green bonds were issued in Europe,

so it is not surprising that the Euro is the largest represented currency. Another thing

that stands out is that a relatively big share of green bonds were issued in U.S. dollars

compared to the issues the in North American region, which implies that issuers in

other regions may prefer issuing dollar-denominated bonds. About 60% of the issues

in 2021 were conducted by private sector financial and corporate players, whereas the

rest were issued by government-related agencies. Finally, most of the use of proceeds

went towards projects in energy, buildings and transport, three major pillars within the

environmental transition space.
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Table 1.1: Global green bond market 2021, ($ billion)

Source: CBI, 2022

Shortly after the green bond market appeared, talks about potential pricing

differences between green and nongreen bonds started. The underlying reasoning being

that, since some investors may have utility from investing in something that makes

positive impact, they may be willing to accept lower returns (Fama & French, 2007).

Within environmental investing this has also transferred to the institutional investor side,

where investment managers are increasingly integrating green allocation requirements
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in their investment strategies (Gibson et al. 2020). Due to the positive impact of green

investments, demand for green securities can thus be expected to be relatively high,

which may translate into pricing differences between green and nongreen securities. In

the case of bonds, such a price difference would take the form of a yield difference

between green and nongreen bonds. Green bonds would then be expected to yield

lower compared to nongreen bonds. That potential yield difference between green and

nongreen bonds has come to be known as the green bond premium, or ‘greenium’.

If investors would be willing to accept lower returns based on environmental

characteristics that green bonds offer, that would mean that issuers can lower their cost

of capital by investing in sustainable assets. Investing in green projects would then thus

be relatively cheap for issuers. Since the mobilization of capital towards environmental

projects is critical in the fight against climate change, green projects being cheaper to

finance can be an important motivator for issuers. Studying the potential existence of

a greenium and its characteristics is therefore a highly relevant research area.

So far, research on the greenium has yielded mixed results. But, a small gree-

nium of a few basis points appears to exist in the secondary markets (Zerbib 2018;

Baghai, Becker & Feldhütter, 2020). The aim of this study is to add to this literature

and investigate the general existence of a greenium. We identify a greenium of about

3.6 basis points in our sample that ranges from 2013-2021, a figure that has decreased in

size over time but shows signs of renewed growth towards the end of the sample period.

Besides looking at the general existence of a greenium, the aim of this study is

to look at one of its nuances: if, and how, yield differences between green and nongreen

bonds are affected by certification. Since the inception of the green bond market, a one

universally accepted system for determining the greenness of bonds has been lacking.

Some are self-labelled as green by issuers, some receive second-party opinions on use of

proceeds by verifiers, some are labelled as green by data providers such as Bloomberg,

and some receive certifications (CBI, 2020). Due to the lack of generally accepted
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standards and procedures, it can be unclear to investors to what extent, and if at

all, bonds they invest in are green. When bonds are certified, this means that the

use of proceeds have been checked by the main authority in the field and the issuer

has agreed to engage in (rigorous) monitoring and reporting procedures post-issuance.

This reduces information asymmetries with investors and takes away risks that are

related to ‘greenwashing’, where firms falsely pretend to engage in sustainable behavior

for reputational gain. The aim of this study therefore is to see if certification affects

yield differences between green and nongreen bonds, since certifying a bond reduces

the information asymmetries and should therefore be valuable to investors. We find

implications that certification indeed increases the size of the greenium, by about 2.0-

3.3 basis points, but are unable to conclude this confidently due to a small amount of

certified bonds in our dataset.

2 Literature Review

2.1 Non-pecuniary Investor Preferences & Socially Responsible

Investing

To start looking at the greenium, it is important to understand the mechanisms

that underly it. One rationale for the potential existence of a greenium is that there

exists a subset of investors that have a ‘nonpecuniary’ component of utility in addition

to standard mean-variance optimization (Baker et al. 2018). Under this assumption,

besides the usual CAPM beta, the expected investor-specific return contains an extra

term that reflects the demand for certain positive aspects that a security offers, in this

case environmental benefits. This second environmental term is included in the ‘total

return’ for some investors, making them willing to partly forgo some of the financial

gains. This prediction reflects those of the general equilibrium model and taste-based

framework (Heinkel et al. 2001; Fama & French 2007).
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Evidence indeed supports that some investors are willing to partly forgo finan-

cial returns in exchange for social benefits. One of the first examples of this stems from

a paper by Hong and Kacperzyk (2009) who show that ‘sin stocks’, stocks of compa-

nies that engage in generally regarded as ‘bad’ activities like cigarettes, weapons, or

gambling, trade at discounts to fundamental financial value. Such stocks thus seem to

be screened out by a subset of investors, lowering their overall demand, lowering prices

and increasing financial returns. Besides some investors simply avoiding ‘bad’ stocks,

Renneboog et al. (2008) find that there also exists a subset of investors that is willing to

accept lower financial performance to invest in funds that meet certain social objectives.

Since then, Socially Responsible Investing (SRI) considerations have become

centerpiece in the portfolio decisions of institutional investors. Gibson et al. (2020)

report that by the end of 2017, more than half of all institutionally managed equities were

owned by signatories of The Principles for Responsible Investments (PRI). Signatories of

the PRI pledge to integrate Environmental, Social and Governance (ESG) considerations

in their investment processes. Especially European-based investors are likely to commit

to responsible investing practices compared to other regions, likely caused by regional

differences in fiduciary duties. In the U.S., for instance, fiduciaries are generally expected

not to put ESG goals ahead of financial ones. By the end of 2019, PRI signatories

accounted for about USD 80 trillion in Assets Under Management (AUM), of which

the large majority was in fixed income (41%) and equities (38%). Within both these

categories, 33% of PRI signees reported to engage in ‘Thematic investing’, which means

that they actively pursue opportunities to allocate capital to sectors that align well with

certain ESG themes such as renewable energy. For fixed income, thematic investing

includes green and social bonds. In practice, about 12% of listed equities and 11% of

fixed income were reported to be allocated to Thematic Investments by the end of 2019.

In addition, Matos (2020) finds that investment managers are now required by asset

owners to be signed up to the PRI and invest some minimum percentage of AUM in

green assets, or they will not receive investment mandates. Sustainability considerations
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have thus become a leading factor in institutional investor investment strategies.

So, it seems likely that differences in investor demand exist for investments

with green characteristics. If, and to what extent, this also translates to price differences

between green and nongreen securities depends on the characteristics of the underlying

markets. To illustrate, we quickly touch upon the differing dynamics that debt and

equity have with sustainability.

2.2 Debt, Equity & the Environment

Flammer (2020) finds that stock prices of firms rise after the announcement that the firm

will be issuing a green bond. At the same time, however, she finds no price difference

between green and nongreen bonds issued by the same firms. The positive environmental

aspects of issuing a green bond, which investors seek out, here seem to flow to equity

and not debt. To explain this, a better understanding of the different characteristics of

stocks and bonds and their relation to climate change is useful.

The issuance of a green bond signals to investors that a firm is focused on,

and invests in, the future (Zerbib, 2018). Firms that are not sustainability-focused, in

industries where the environment is a material factor, are at risk of becoming ‘stranded

assets’: assets that no longer comply with prevailing standards and therefore lose (all)

value (Schramade, 2018). Firms that focus on, and invest in, the future are less at risk

of becoming such stranded assets and are therefore less risky in general.

Equity prices reflect the present value of all expected future cashflows to equity,

and future cashflow expectations are higher when a firm is future-proof. The fact that

sustainability alignment influences equity pricing is therefore quite intuitive (Schramade,

2018). Sustainability-based equity pricing therefore also includes a strong ‘fundamental

value component’ and is not just influenced by investors wanting to do good. For

bonds this is different. For starters, bonds are ‘senior’ to equity and have a limited

maturity. Common equity’s value is the total expected value of all future residual
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cashflows, cashflows after all senior claims are paid. With debt, instrument holders have

the right to, and only to, a contractually specified amount of cashflows. These cashflows

vary based on specifications such as maturity date, coupon rates, payment frequency,

and repayment profile. The (expected) value of such a bond is thus a function of 1)

these contractually specified cashflows and 2) repayment risk. So, where the value of

equity reflects all residual cashflows expectations in the life of the firm, the value of debt

depends on the planned cashflows and risk of nonpayment.

The effects of climate change and risks of becoming stranded are both still (far)

in the future. Debt securities, with their limited lifetimes, are therefore less affected by

climate risk than equity. To illustrate, say the oil industry will be nonexistent in 20

years and an oil company currently has a bond outstanding that matures in 5. Since

the value of equity reflects the future value of the firm, and that value will tend to 0

over the next 20 years if no action is taken, the equity value will go down accordingly

with each day that passes. But for the bond, the value depends on the firm’s ability to

repay, which is much less likely to be heavily affected over the next five years.

Due to its seniority to equity and shorter lifetime, the fundamental value of

debt instruments is by design less affected by climate risk. With the value component

being smaller, greenness-based pricing differences should be less pronounced in debt

instruments. The difference in debt yields that does exist is then a purer reflection

of investor preferences and mandates, and less of priced-in climate risk. Over the last

decade, a growing body of evidence has been trying to figure out if yield differences in

debt instruments are, and to what extent, affected by greenness.

2.3 A Brief History of the Greenium

The first green bond was issued by the EIB, a supranational organization, in 2007. The

World Bank, another supranational, raised the first USD 1 billion green bond in 2013.

Green bonds have also been issued extensively by governments, with a prime example
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being the USD 10 billion green bond issued by the republic of the republic of France in

2017. Besides national government and supranational issuances, sub-sovereign, financial

and corporate issuers have also grown rapidly since then.

After the issue of the first green bond by the EIB, discussions about the (non)-

existence of a green bond premium started quickly. It began with some anecdotal state-

ments from green bond issuers who claimed their bonds were oversubscribed, resulting

in pricing benefits (Harrison et al. 2020). But, since the market was still very small

with few bonds to analyze, such anecdotes were difficult to verify.

One of the first academic studies that did investigate a potential greenium was

by Karpf and Mandel (2018), who looked at green bonds issued by municipalities. They,

and other early authors, mostly looked at bonds issued by municipalities. The reason

being that simply more data was available for that issuer type to study. Municipal bonds

are often much smaller-sized than bonds issued by other entity types, such as corporates,

while their respective total dollar market sizes were roughly the same. Additionally,

green bonds comprised a relatively larger part of the municipal market. In 2016, 2% of

new municipal bond issues were green while only 0.3% of corporates were. The smaller

issue sizes and relatively high market share resulted in much more municipal green bonds

to look at, making that the ideal starting point for studying the greenium. So, Karpf

and Mandel construct a sample of 1,880 bonds, issued by U.S municipalities between

2010 and 2016, that were labelled as green by Bloomberg. These bonds were compared

to 36,000 conventional bonds by the same issuers. The results of that first study actually

indicate a small green bond discount, contrary to expectations.

Baker et al. (2018) subsequently performed an analysis of 2,083 municipal

bonds, also issued between 2010 and 2016 and defined as green by Bloomberg. They

compare these with 643,299 conventional municipal bonds, where bonds from other

issuers are also included. They use a fixed effects approach where they aim to control

for both issuer and bond-specific differences. Contrary to Karpf and Mandel, they
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find a 6-basis point greenium, a figure that grows upon certification by the CBI. The

argumentation for this difference in results is that Karpf and Mandel do not account for

taxability differences between green and nongreen bonds, resulting in biased estimates in

their study. In the beginning of the U.S. green bond market, green bonds were awarded

tax incentives that affected yields, which led Karpf and Mandel towards their green bond

discount. Baker et al. account for this in their own study and therefore find different

results.

Larcker and Watts’ (2020) view is that Baker et al.’s study design choice leads

to spurious inferences. They argue that the fixed effects approach used insufficiently

controls for nonlinearities and issuer-specific time variation. For instance, green bond

issuers tend to be much larger than nongreen issuers, which may be an omitted variable

leading Baker towards a false greenium. To avoid these issues in their own study, Larcker

and Watts compare green securities to (nearly) identical counterparts issued by the same

entity, on the same day, with similar maturities. Since municipal bonds are often issued

in cohorts, where a municipality for instance issues 20 bonds on one day, it is possible

to find identical green and nongreen counterparts in the municipals market. Doing so,

Larcker and Watts find that there is no yield difference between green and nongreen

bonds. More so, they find that investment banks charge slightly more to issue green

bonds, indicating that issuing green bonds may even be a bit more expensive.

Flammer (2020) uses a similar methodology as Larcker and Watts, but instead

applies it to the corporate bond market. Since corporations rarely issue two identical

securities on the same day, Flammer chooses a slightly different approach. She compiles

a sample of 152 green bonds, corresponding to 65 unique issuers. For these issuers, 1,690

brown bonds are extracted from which each green bond is matched to its most closely

related brown counterpart. Using this methodology, like Larcker and Watts (2020),

Flammer finds no yield differences.

Building on these studies, Partridge and Medda (2020) perform a matched pair
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analysis on 453 matched pairs of green and nongreen municipal bonds, issued between

2013 and 2018. These bonds were, like those in the sample of Larcker and Watts, issued

at the same time, under the same official statement, with identical bond characteristics.

In line with Larcker and Watts, no price difference is found in the primary market.

However, a greenium is found in the secondary market, a greenium that increases each

year and reaches nearly 5 basis points by the end of 2018.

The nonexistence of a greenium in the primary market, at least in the first years

of the green bond market, appears proven. But as the above study indicates, it may

prevail in the secondary market. Zerbib (2018) also analyzed the secondary green bond

market. But instead of looking at municipal bonds, the sample in that study comprised

of 110 bonds issued by different issuer types: governments, national and supranational

agencies, financials and energy companies. Instead of matching a green bond to a single

nongreen, the greens in that study were matched to a pair so that a synthetic bond with

a similar maturity to the green can be created. The sample period runs from July 2013

to December 2017, and in that period an average -2 basis point greenium is identified.

The yields of green bonds are thus 2 basis points lower than that of nongreen bonds,

making them ‘more expensive’ to investors. Additionally, Zerbib finds that the greenium

is larger for bonds issued by financial institutions and bonds with lower credit ratings.

More recently, Baghai, Becker and Feldhütter (2020) also performed an analy-

sis of the secondary market, but they instead focused on corporate bonds. Their sample

comprised 229 greens issued by 133 unique issuers and runs from 2013 to 2018. On aver-

age, they find a 6bp greenium over this period. Interestingly, and contrary to Partridge

and Medda (2020), they find that this greenium weakens over time and basically reaches

zero in the end of the sample period in 2018. Besides a small general yield differential,

they find that the price difference between green and nongreen securities is subject to

the relative environmental performance of a firm’s assets. The greenium is largest for

those firms that are ‘in the middle’ of the asset sustainability range, so firms that own
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both green and nongreen assets.

The evidence so far seems to suggest that a small green bond premium exists

in the secondary market but not (yet) in the primary. Additionally, the secondary

market greenium has been shown to be context-dependent and changes based on factors

such as industry type, credit rating and environmental performance. So even though

the general greenium found is quite small, it may have bigger economic significance in

certain contexts. If it is for instance much larger for energy companies with a lower

credit rating in the middle of the sustainability range, that may still prove an important

motivator for these firms to issue green bonds. Studying the greenium and what affects

it therefore remains highly relevant. One important nuance that has been touched upon

but not analyzed extensively, is the effect of certification on the greenium.

2.4 Signaling and Certification

An important issue within the green bond space has been the lack of regulation and

global (enforceable) standards (Baker et al., 2018). Any firm can issue bonds at any

time and call them green, which makes it difficult for investors to judge whether their

investments serve their intended purpose. Issuers can pretend to issue green bonds

to portray themselves as environmentally responsible while their use of proceeds are

actually invested brown, a phenomenon known as ‘greenwashing’. This is bad for both

od’ green bond issuers, since the ambiguity around greenness may lower the demand

for its bonds, and for investors since it muddles their intended capital allocation. Of

course, well-informed investors can still judge how credible the issuance of a green bond

is, but this may be time and resource intensive when the reputation of the issuer is

unclear. Overcoming this information asymmetry is thus an important step in the

further development of the green bond market.

Issuers can reduce information asymmetries by use of ‘signaling’, taking ac-

tions that prove commitment towards the environment in the case of green bonds. In
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signaling theory, a signal is credible if it is difficult to copy by firms with nondesirable

characteristics (Spence, 1978; Riley, 1979). For green bonds, the signal would be strong

if it would be impossible for issuers with greenwashing intentions to send. Ideally, there

would be enforceable standards and regulations that define the applicable use of pro-

ceeds and required monitoring and reporting procedures of issuing green bonds. That

would hinder issuers with bad intentions to get their ‘green’ bonds through, making

issuing a green bond already a sufficient signal. Such strong enforceable requirements,

however, do not yet exist.

To deal with this, various voluntary principles and guidelines have been devel-

oped over time by different types of agencies. The first major green bond standards were

the Green Bond Principles (GBP), created by a consortium of global investment banks

including JP Morgan, BNP Paribas, and Bank of America Merrill Lynch (GBP, 2018).

The GBP are a collection of voluntary frameworks that aim to promote the role that

the global debt capital markets can play in financing progress towards environmental

sustainability. The GBP defined voluntary guidelines that could be used by green bond

issuers and investors to increase transparency. It specified guidelines for 4 main pillars

that are central in the development and standardization of the green bond market: use

of proceeds, project evaluation and selection processes, management of proceeds, and

post-issuance reporting procedures. In addition, the GBP advised issuers to appoint

external audit services to demonstrate compliance with the four pillars. This could take

the form of Second party opinions (SPOs) regarding the use of proceeds, verification,

annual auditing, or certification. Such external quality stamps decrease information

asymmetries between the issuers, investors and other stakeholders and are therefore

very useful. After the inception of the GBP, the Climate Bond Initiative (CBI) created

its own set of guidelines and procedures. The CBI was, like the GBP, created to align the

interests of green bond market participants but contributes with a much more detailed

taxonomy. Where the GBP offers useful general minimum guidelines, the CBI specifies

more detailed and sector-focused guidelines in its Climate Bonds Standard (CBS). The
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CBS is the only standard that complies with the Paris Agreement goal of limiting global

warming to 1.5 degrees Celsius. The CBI and its CBS have therefore become the ‘main

authority’ in the field.

Green bonds can receive certification in line with the CBS, a stamp that is

regarded as the strongest quality indicator available. The reason for this is twofold.

First, as mentioned, the CBS is the only standard that is 100% aligned with the Paris

Agreements’ goal of limiting global warming to 1.5 degrees Celsius. Second, certification

subjects issuers not only to heavy pre-issuance sector-specific screening, but also imposes

strict post-issuance requirements. These post-issuance requirements on use of proceeds,

monitoring, and reporting force issuers to comply or risk losing their bonds’ certification.

Due to the CBI imposing the strictest pre-and-post-issue requirements, it is the most

difficult to attain for issuers. That makes it costly and resource intensive to receive,

and basically impossible to get for greenwashers. Consequently, certification by the CBI

is regarded as the strongest ‘signal’ of environmental commitment that is available to

green bond issuers.

Because the information asymmetry is lowest for bonds that receive certifica-

tion by the CBI, the investor that buys a certified bond has the highest certainty of

rightly allocating capital to the goals s/he wants. Intuitively, the greenium should then

be higher for certified bonds because the certainty of greenness and low investigation

requirements are valuable. Practically, green bond yields should then be expected to be

lower for certified than non-certified bonds.

Some studies have looked at this exact mechanism. Baker et al. finds, in

their sample of municipal bonds, that the greenium grows by about 10bp upon certi-

fication. But as was touched upon in one of the previous paragraphs, that study has

design misspecifications that make it difficult to draw meaningful conclusions. Another

study that looked at the effect of certification by the CBI was Flammer’s (2020), but

she unfortunately only looked at its effects on equity pricing. She finds that green bond
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issuance announcements affect stock prices heavily and (statistically) significant for cer-

tified bonds, with a cumulative abnormal return (CAR) of 0.71%. For non-certified

bonds, the response was much smaller (0.25%) and statistically insignificant. First im-

plications that certification affects security pricing thus exist, but to what extent this

is true for bonds remains open. The aim of this study is to investigate that exact

phenomenon.

2.5 Hypotheses

The aim of this study is twofold. First, since evidence about the general existence of

the greenium is mixed, we take another close look at its existence using data after the

market has developed for a few more years. We expect:

Hypothesis 1: Green bonds trade at lower yields than nongreen bonds

The main aim of this study then is to add an extra layer of nuance: if, and

how, does the greenium change subject to certification by the CBI. We expect:

Hypothesis 2: The greenium is larger for certified bonds

2.6 Study Setting

As mentioned, early studies of the greenium mostly looked at non-corporate issuer types

for lack of data. Karpf and Mandel (2018), Baker et al. (2018) and Larcker and Watts

(2020) look at the municipal bonds market. Zerbib (2018) combined bonds of different

issuer types. Flammer (2020) does look at corporate bonds but still had to work with

a small sample. After a few more years of growth of the corporate green bond market,

much more data is available now than to earlier authors. As shown earlier in figure 1.1,

the green bond market has grown exponentially over the last decade. And as shown in

figure 2.1 below, corporate bonds have become a more prevalent part of that market

over time, accounting for almost 1/3 of the issued amount in 2021.
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Figure 2.1: Total corporate green bond issues by sector 2015-2021, ($ billion)

Source: CBI, 2022

Since 2015, corporate bonds have grown from 15% to almost 1/3 of the total

amount issued in 2021. Roughly the same as the combined amount issued by all different

government-related issuer types. The corporate green bond market is thus strongly

positioned to drive and amplify the environmental transition. The rapid growth of the

corporate green bond market also entails that there is much more data available now

than to earlier authors, which makes this an ideal opportunity to study corporate green

bonds. This study will therefore look for the greenium, and if/how it is affected by

certification, in a corporate bond market setting.

Within the corporate green bond market, this study will analyze the secondary

market. In studies of the municipal bond market, analyzing the secondary market had

been difficult. Municipal bonds are much smaller compared to corporates. As a result,

they are less liquid and less frequently traded than their larger sized counterparts because

there simply are less available to trade and more concentrated holders (Hachenberg

Schiereck, 2018). Analyzing the secondary municipal market therefore meant studying

theoretical prices or prices based on few trades, so ‘real’ market yields could still be far

from estimates. Since issue sizes in the corporate bond markets are on average much
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higher, that makes studying the secondary market easier. Additionally, the secondary

market may be the most important context in which the greenium currently exists.

Primary market prices are set based on the dynamics between the issuers, investment

banks, verifiers and investors involved in each issue (Ferry, 2016) . Price setting there is

more affective and dependent on the dynamics between these market participants. In the

secondary market, ‘real demand’ meets supply and market prices there are transaction-

based. Yields in the secondary market therefore are a purer reflection of current demand

and supply. In many cases nonpecuniary preference-based pricing differences have been

shown to appear in the secondary market first, after which market pressure transfers

them to the primary market (Partridge & Medda, 2020). That may explain the lack

of greenium in the primary market. When a yield difference pops up after issue in the

secondary market, that means benefits go to the investors. Strengthening the evidence

of the greenium in the secondary markets may thus be an important step in transferring

it towards issuers.

3 Matching Method & Data Description

3.1 Matching Method

The biggest challenge in studying pricing differences between green and nongreen bonds

has been to compare green bonds to as similar as possible nongreen counterparts. As

mentioned in the literature review, authors have tried to do so in different ways. Baker

et al. (2018) used pooled fixed effects OLS, where differences in bond and firm char-

acteristics such as credit rating, time to maturity, industry and issue size were held

fixed. However, when comparing bonds of different issuers, it is very difficult to isolate

one specific difference such as greenness because there may be firm-specific factors that

underly it. Such constructs are thus at risk of omitting variables, where pricing differ-

ences between bonds may not be explained by greenness but some other factor that is

not controlled for. Later authors therefore adopted matching approaches, also known as
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model-free approaches, where only bonds issued by the same issuer are compared (Zerbib

2018; Karpf and Mandel, 2018). By design, firm-specific differences such as credit rating,

firm size, industry, etc. are then identical and isolating the effect of greenness becomes

more straightforward. While comparing bonds of the same issuer, only bond-specific

characteristics like seniority, collateral type, issue amount, time to maturity, and liquid-

ity can then differ. Helwege et al. (2014) performed a variant of the matching approach

whereby a green bond was matched with the closest related nongreen bond. But, since

most corporate bonds do not have counterparts with identical maturities, single pair

matchings give rise to a small maturity bias. Therefore, the approach used in this study

resembles that of Zerbib (2018) and Baghai et al.(2020), where a green bond is matched

to a synthetic nongreen consisting of two same-firm nongreen bonds. The two bonds in

those studies are linearly interpolated or extrapolated on the green. If two bonds, one

on either side of the maturity of the green are available, these are interpolated on the

maturity of the green bond. If no such combination exists, but there are two bonds on

one side of the green’s maturity, these are extrapolated on the green. These authors

create the synthetics so that the maturity of the green and synthetic bonds is matched.

But, since there may be differences in coupon rates between bonds, bond maturities and

durations can look quite different. Since the yield of a bond is based on its duration, and

not maturity, this may give rise to a yield bias determined by the coupon characteristics

of the bond triplets. Therefore, duration instead of maturity matching will be used

in the creation of the synthetics. Thus, for each green for which a shorter and longer

maturity brown pair is available, the daily pair weightings are determined such that:

DGB
i,t = w1 ∗DCBs

i,t + w2 ∗DCBl
i,t (1)

Subsequently, the yield of the synthetic becomes:
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yCB
i,t = w1 ∗ yCBs

i,t + w2 ∗ yCBl
i,t (2)

When no such combination is available, the synthetic bond is created by extrapolating

two bonds on either side of the maturity of the green bond. The yield construction then

looks as follows:

yCB
i,t = yCBc

i,t ± (DGB
i,t −DCBc

i,t ) ∗
(DCBc

i,t −DCBf
i,t )

(yCBc
i,t − yCBf

i,t )
(3)

Where:

yCBc
i,t = Yield of conventional bond with closest duration

yCBf
i,t = Yield of conventional bond with closest duration

(DGB
i,t −DCBc

i,t ) = Duration difference between green bond and closest nongreen bond

(DCBc
i,t −DCBf

i,t )

(yCBc
i,t − yCBf

i,t )
= Slope of yield

3.2 Green Bond Sample Description

A comprehensive set of green bonds is compiled using the Green Bond database of Thom-

son Reuters Eikon, which includes all bonds that are self-labelled as green. This data

was supplemented and cross-examined with data from the Environmental Finance Bond

database. The entire database counts 5,055 securities. Since this study will look at the

secondary market and sufficient datapoints must be ensured, we exclude securities issued

after 2020. Since most corporate green bonds are issued in euros (Eikon, 2022; CBI,

2022), and there may be differences in investor demand for green instruments between

different currency markets (Sangiorgi & Schopohl, 2021), we exclude all bonds issued

in non-euro-denominated currencies. Since liquidity is a crucial part of bond pricing,

we, like Hachenberg and Schiereck (2018), exclude bonds with issue amounts lower than
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EUR150 million. Larger-sized bonds are typically both traded more frequently and less

densely held, so taking a minimum issue size will result in higher quality pricing data.

Then, we exclude non-fixed coupon bonds such as bonds with floating rates or

rate ranges. Furthermore, only senior unsecured bonds will be included in the sample.

Bonds that are subordinated or collateralized (on for instance mortgages) are often

imperfectly comparable to other bonds, so there is more risk of yield biases in those

kinds of bonds. Finally, we exclude all bonds issued by financial institutions, since these

are outside the scope of this study.

Since the goal is to compare green bonds to as similar as possible nongreen

counterparts, we put several restraints on the bonds used for matching. As explained,

all nongreen bonds will be from the same issuer to compensate for potential firm-specific

differences. Then, all nongreen bonds must also have a fixed coupon and similar seniority

and collateral characteristics since differences in those characteristics affect risk profiles

and yields. The nongreens must also have similar callability characteristics. Specifically,

if the green bond is non-callable, the nongreens must be also except for possibly a make-

whole call provision. Since differences in size generally result in differences in liquidity,

we restrain the nongreen bonds to be no smaller than ¼ of the green bonds’ issue amount

and no larger than 4 times that amount. The time to maturity for the matched pair

cannot differ more than 5 years from the green. When bonds age, they tend to become

less liquid and end up in long-term holding portfolios. We therefore also restrain the

issue dates of the nongreen bonds to be within 6 years of that of the green. Each green

bond for which no pair matching the criteria above is available is dropped from the

sample.

Finally, we have a few bonds in our final sample for which either daily yield

or duration data is missing in Eikon, so these will also be dropped. A summary of the

sample selection process is added on the next page in table 3.1. Below that, descriptives

about the sample sectors, credit ratings and proportion of certified bonds are added in
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table 3.2. All individual bonds are listed in appendix 1.

Table 3.1: Summary sample selection

Table 3.2: Final green bond sample by sector, credit rating and certification

Note: Data from Thomson Reuters Eikon Nov 2013-Dec 2021

Extracted as of Mars 2022. Certification by Climate Bond Initiative
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4 Empirical Approach

4.1 Greenium

Like Baghai et al.(2020), we define the ‘greenium’ as the yield difference be-

tween a green bond and a nongreen synthetic. The individual yields of the green and

synthetic bonds were defined in the previous paragraph, so the green bond premium can

be defined as:

PremiumGB
it = yCB

it − yit
GB (4)

The main aim of this study is to examine if certification by the Climate Bonds

Initiative (CBI) affects the yield difference between green and nongreen bonds. The

sample contains 11 bonds that have been certified by the CBI. These will be added with

a dummy variable that takes the value of one when certified. Our main model then

becomes:

PremiumGB
it = αit + β1 ∗ Certificationit + ϵit (5)

Where:

αit = is the general greenium

β1 = the extent to which it differs upon certification

To examine the existence of a certification effect, and to ensure that some other

underlying factors are not driving the results, independent variables that are likely to

affect the model must be included while ensuring the robustness of the approach.

A first factor that will therefore be included, because it is known to significantly

affect bond yields, is liquidity. More liquid securities are traded more frequently and

are therefore easier to sell for investors whenever need arises (Zerbib, 2018). Less liquid

securities are thus riskier, leading investors to demand a higher yield as compensation.
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To account for this, a liquidity proxy must be included in the analysis. There are a

few constraints caused by the type of study and data availability that limit the range

of liquidity proxies that can be used. First, because we perform a within regression,

the liquidity proxy must be time varying with the bond. That excludes a range of

static liquidity proxies such as issue amount, issue date or off-the-run versus on-the-run

indicators (Bao et al. 2011; Houweling et al. 2005). Second, since Thomson Reuters

Eikon does not offer information about daily trading volumes, volume-based proxies also

cannot be used (Beber et al., 2009; Dick-Nielsen et al., 2012). Finally, this study analyzes

closing yields, and no additional trading data is available, so intraday liquidity indicators

such as the Range measure (Han and Zhou, 2016) and Amihud measure (Amihud, 2002)

are also not usable. So, like Baghai et al.(2020) and Zerbib (2018), we use the bid-ask

spread as liquidity proxy. Specifically, the closing percent quoted bid-ask. Fong et al.

(2017) show that the bid-ask spread is the best low frequency liquidity proxy available,

and, indeed, it has been widely used as liquidity measure in other studies (Dick-Nielsen

et al. 2012; Beber et al. 2009). The construction of the daily bid-ask spreads will, for

the green bond, look as follows:

BAGP
i,t =

Aski,t −Bidi,t
Aski,t

(6)

For the individual nongreen bonds, the bid-ask spreads will be computed in the same

way. In creating the synthetics, the bid-ask spread is constructed using the same pair

weights used for the yield construction. If the synthetic bond is extrapolated, the bid-ask

spread is constructed by setting both pair weightings equal. We then take the difference

in spread between the green and synthetic bond to construct the liquidity proxy that

will be used in the regression:

Liquidityit = BAGB
it −BAit

CB (7)

Finally, in later specifications, we add variables for the issue amount and time
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to maturity since differences in these factors may also influence the yield differences.

We take the natural logarithm of both to create the variables. The model, then, will

become:

PremiumGB
it = αit + β1 ∗ Certificationit + β2 ∗ Liquidityit+ (8)

β3 ∗ Ln(issue size)it + β4 ∗ Ln(Time to Maturity)it + ϵit

There are several other factors that may affect yield differences which will

be held fixed in later specifications. First, time fixed effects are added to account

for potential time-dependent differences in yields. The time fixed effect variable will

be constructed on a daily basis. Furthermore, other studies suggest that there are

differences in greenium subject to credit rating. Zerbib, for instance, shows that negative

premia are more pronounced for lower rated bonds. To control for that, a categorical

credit rating variable will be created and held fixed in later specifications. We round

bond ratings in the sample to the nearest letter value, such that they can only take

full letter values. Bonds that are for instance rated A+ or A- are rounded off to A. In

our sample, the lowest rated bond is rated BB. Besides time or credit-rating dependent

variations, there may be industry-specific differences in yields. So, to make sure that

these also do not distort the effect of certification on greenium, we add industry fixed

effects. The variable is constructed categorically and based on the economic sector of

the issued bond as it is defined in Thomson Reuters Eikon. The following economic

sectors appear in our data set: Basic Materials, Utilities, Industrials, Real Estate, and

Consumer Cyclicals.

Finally, before turning to the results, it is important to note that there are

some potential limitations to the data source used in this study: Thomson Reuters

Eikon. Most other studies of the greenium used data from Bloomberg or TRACE, both

of which offer real-time data on transactions. In Eikon, daily price data is constructed

based on transaction information Eikon receives from partner investment banks (Eikon,

2022). If data is received from multiple sources, Eikon takes their weighted average to
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construct its daily bids, asks, and yields. If information is received from only one source,

that is copied and used. If nothing is received, Eikon uses theoretical modeling. So, even

though Eikon is used extensively by institutions and is known for offering high-quality

data, there still is a level of uncertainty around the data used in this study. The more

data Eikon receives from its partners, the better the quality. Eikon does not disclose daily

construction details, so it is impossible to know when and for which bonds theoretical

modeling was used. The quality of the data thus depends on the connections Eikon has

with the banks that trade the bonds, which may be especially risky for smaller-sized

bonds since these tend to be traded at fewer institutions. We aimed to partly correct for

this by taking a minimum issue size of EUR 150 million, but some uncertainty remains.

5 Results

For our sample of 98 bonds, corresponding to 55 unique issuers, we obtain 63,470 rows of

daily data, which corresponds to an average of 648 daily data points per bond. Eleven of

the 98 bonds have received certification by the CBI, and more detailed sample summary

statistics of all variables are added in table 5.1 below.
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Table 5.1: Summary statistics

Source: Thomson Reuters Eikon, sample Nov 2013-Dec 2021

5.1 Diagnostics

First, we run a simple panel regression of certification on the yield difference. We run

both random and fixed effects variants and a Hausman test shows that, in line with other

similar studies, a fixed effects regression should be used. We perform Breusch-Pagan

and Breusch-Godfrey tests, both of which are significant (p-value = 0%). Heteroskedas-

ticity and serial correlation are thus present in the data, which must be accounted for to

increase the models’ efficiency. To deal with this, Zerbib (2018) used Newey-West stan-

dard errors that account for heteroskedasticity and serial correlation simultaneously. But

Petersen (2009) finds that Newey-West standard errors are (slightly) biased whenever

a time series dependence exists. So instead, we adopt the same approach as Baghai,
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Becker and Feldhütter (2020) who use clustered standard errors. Because we are in-

terested in the effect of certification, and certification is bond-specific, we will cluster

standard errors at the bond level (ISIN).

But before running the main regressions, we run individual effect tests for

the industry and credit rating fixed effects that are planned to be included. We start

with industry. We regress the categorical industry variable on the yield difference with

standard errors clustered at the bond level. Both the entire model (F = 2.02, p = 0.10,

R2= 0.03) and all individual industry averages are not statistically significant. But since

we are dealing with time series data, there may be time-dependent differences in industry

means that underly this lack of significance. So, we interact the different industries with

the individual years in our sample. We then regress the new interaction variable on the

yield. This time, the model is significant (F = 174.7, p = 0.00, R2 = 0.08) and there

are several significant individual industry years. So, there are statistically significant

time-varying differences in industry yields that must be considered. We will therefore

include those as fixed effects in later model specifications.

We do the same for the credit rating. We find that the model is statistically

significant (F = 5.05, p = 0, R2 = 0.02) and so are individual categories A and AAA.

Since there may also be time-dependent differences between credit rating yields, we

create a similar interaction variable as for industries. We regress that on the yield

difference and find that the explanatory power of the model greatly improves (F =

2417, p = 0, R2 = 0.05). The year-interacted credit rating variable will therefore be

used to include the credit rating fixed effects in the later main regression specification.

5.2 Main Study

To analyze how and if the greenium differs subject to certification, we run four different

specifications. Because certification is bond-specific, standard errors are clustered at the

bond-level (ISIN) in all specifications. But before looking at the effect of certification,
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we look at the general greenium in more detail.

5.2.1 Greenium

The earliest datapoint in our sample stems from the 27th of November 2013, and the

sample runs till the end of 2021. In total, the sample counts 63,467 daily bond yield

observations. Over that period, we find a yield difference of -3.63 basis points, so a 3.63

basis point greenium, significant at the 1%-level (p = 0.005).

In the study of Baghai, Becker and Feldhütter (2020), who studied the sec-

ondary corporate bond market until the end of 2018, the average greenium found was

about 6 basis points. They concluded that the greenium had been decreasing over time,

and that it even tended towards zero at the end of their sample in 2018. To check our

results and update the work of these earlier authors, we replicate that study by creating

a subset of our data where all post-2018 datapoints are dropped. The subsample counts

10,565 daily bond yield observations. Performing the same test, we now find an average

greenium of 5.63 basis points for the subsample, significant at the 5% level (p = 0.026).

The results of both tests are added below in table 5.2.

Table 5.2: Summary greenium

With a few more years of additional data on the corporate bonds market, our main results

confirm that the greenium has gradually decreased in size over time. The greenium found

up and until 2018 is about 5.6 basis points and decreases by two more basis points with

three more years of extra data. The authors also argued that the average greenium

seemed to tend towards zero over time. Looking at the results, that does not seem to

be the case for our sample. The average greenium only declined by two basis points,
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while there were approximately 6 times as many observations in our dataset. To verify

visually, figure 5.1 on the next page provides a graphical representation of the historical

greenium development.

Figure 5.1: Average greenium over time (Nov 2013-Dec 2021)

This also confirms that greenium has grown smaller in size over time. However,

in the last two years of the sample, the greenium shows signs of a renewed growth trend.

The graph also shows that the conclusion of Baghai, Becker and Feldhütter was justified,

since the greenium indeed tended towards zero at the end of their sample period. But

in the years following that, that trend seems to have reversed again.

5.2.2 Certification

Now, we turn to the potential effect of certification on the size of the greenium. As

mentioned, we run four different model specifications. In the one, we run is a simple

regression of certification on the greenium. We find that, on average, the greenium in-

creases by 2 basis points when a bond has been certified. This figure, however, is not

statistically significant (p-value = 0.39). In the second specification, the same regression
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is performed while adding time-fixed effects. We find that the mean certification pre-

mium grows to 2.2 basis points with a slightly lower p-value (0.33). In specification 3,

we add the liquidity, size, and time to maturity variables as independent variables while

keeping the time fixed effects. The average effect of certification on the yield difference

slightly decreases to 2.0 basis points (p-value = 0.44). The liquidity estimate is 4.475,

indicating that if the bid-ask spread of the green bond would be 1% of daily ask higher

than that of a nongreen bond, the yield would grow by about 4.5%. This figure, how-

ever, is not statistically significant (p = 0.14). The years to maturity variable, of which

we have taken the natural logarithm, does seem to affect the greenium. The coefficient

is -0.031, which can be interpreted to mean that if the maturity of a bond goes up by

1%, the greenium would grow by about 0.03 basis points. Finally, the coefficient for size

is positive at 0.02, but the p-value is far too high (0.50) to draw any meaningful con-

clusions. In the fourth and final specification, we add the time-dependent industry and

credit rating fixed effects. The average certification premium grows to 3.34 basis points

but remains insignificant (p-value = 0.41). The time-to-maturity estimate decreases a

little bit to -0.026 and becomes slightly insignificant at the 5% level (p-value = 0.066).

The issue size factor decreases to 0.007, and seems to provide no explanatory value (p

= 0.82). An overview of the results of the different model specifications is given below,

in table 5.3.
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Table 5.3: Certification regression table

Looking at the results of these different specifications, there are implications that certifi-

cation by the CBI does increase the size of the greenium. All estimates of the certification

effect are negative, indicating that the greenium is larger for certified bonds, but they

do not come close to reaching statistical significance. A likely reason for this is the small

amount of certified bonds in our sample. In the final sample, there were 11 certified

bonds that correspond to 7 unique issuers. Much less than initially expected and an

amount with which it is difficult to reach statistically meaningful conclusions. It could

have been useful to decrease some of the constraints applied in the sampling procedure

to increase the number of certified bonds in the sample, but we chose not to since that

would have resulted in lower quality data. But, the fact that a negative premium is

found in all model specifications and within a relatively close range, between 2.0-3.3

basis points, makes it unlikely that the certification effect found is based on randomness

alone. In figure 5.2 below, the mean greenium of the certified subsample over time is

added in blue besides the red line that represents the whole sample.
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Table 5.2: Average greenium (red) and average certified greenium (blue)

Since the first daily datapoint of a certified bond was in 2017, the blue line starts

in that year. The graph seems to confirm, in line with the results of the regression,

that the certified subsample is generally a few basis points below that of the whole

sample. During the larger part of 2019, however, the contrary was true. Since the sample

comprises only 11 certified bonds, and one period in the sample is opposite, it is again

not surprising that the standard errors are too high to reach meaningful conclusions. So,

both the regressions and graphical representation suggest that certification increases the

greenium, by about 2.0-3.3 basis points. But, due to the (too) small amount of certified

bonds present in the sample, this cannot be concluded with certainty.

A last interesting implication from the results is the effect of time to maturity

on the greenium. The estimates found in model specification 3 and 4 were -0.031 and

-0.026 respectively, of which the first is significant at the 5% level and the latter at the

10%. That seems to indicate that the greenium, in general, is larger for bonds with a

longer time to maturity. One potential explanation for that could be the mechanism of

priced-in climate risk, explained in section 2.2. For bonds with longer maturities, future

alignment to sustainability is more important for the risk profile. Issuing a green bond
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could signal that a firm is at least somewhat future-aligned, which might translate into a

somewhat lower sustainability risk factor for the longer maturity bond. Another poten-

tial explanation may be related to the investment mandates of institutional bondholders.

Many pension funds and other entities must, or want to, hold a certain amount of their

AUM in green assets. If a green bond then has a longer maturity left, that means the

bondholder can hold it longer. That way the green bond can help the investor achieve

its green allocation requirements for a longer period of time, which should be valuable.

6 Conclusion

This study looked at green bonds, an asset class that has become increasingly established

given the growing demand for green investment opportunities. We find that the green

bond market has grown rapidly over the last decade, reaching a record high of over USD

500 billion worth of new issues in 2021. Within that market, especially corporate bonds

have become increasingly prevalent, growing from 16% of new issues in 2015 to 28% in

2021. We turned to that corporate green bond market to look for pricing differences

between green and nongreen bonds. We find that, on average, green bonds have lower

yields than nongreen bonds of about 3.6 basis points. That yield difference has grown

smaller in size over time but shows trends of renewed growth towards the end of the study

sample. Furthermore, we find signs that certification by the Climate Bonds Initiative

increases the size of the greenium by about 2.0-3.3 basis points. But, due to a too

small size of certified bonds within our sample, this cannot be concluded with certainty.

Finally, we find that the time to maturity left on a green bond positively affects the size

of the greenium, implying that investors value green bonds with longer maturities. Our

paper adds to, and updates, the growing body of evidence on price differences between

green and nongreen bonds in the corporate bond market. In addition, we provide early

evidence that a certification premium might exist, which will be an interesting area to

investigate further in other academic studies.
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