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Abstract
Green bonds present a promising tool enabling investors in fixed-income mar-
kets to finance environmental projects. Yet, the pricing of green bonds with
respect to conventional bonds remains an open question. This thesis investi-
gates the existence of a yield differential between green and equivalent conven-
tional bonds in the secondary market. By matching green bonds with synthetic
conventional bonds and performing a fixed effects panel regression of the yield
spread, we find evidence of a small negative premium associated with green
bonds (“green premium”): as a result of high demand from value-seeking in-
vestors, the yield of green bonds is on average 1.12 basis points lower than
that of their conventional counterparts. The variation in the magnitude of the
green premium with bond characteristics is further examined through a cross-
sectional regression. We show that external verification of the bond’s green
credentials and assurance on its post-issuance allocation report significantly
increase the estimated green premium. Finally, the green bond’s yield seems
to decrease in case proceeds are used to finance new projects, while refinancing
existing projects results in an increase in the bond’s yield. Our findings provide
valuable insights into the field of green bond pricing. While the average size
of the estimated green premium does not present a discouragement for main-
stream investors to engage in green bonds, the areas of green credibility and
additionality need to be addressed in order to enhance investors’ trust in the
innovative instrument.

JEL Classification C31, C33, G12, G14, Q01, Q56
Keywords green bonds, green premium, sustainable invest-

ments, investors’ preferences

Title Financing Climate Action: The Pricing of Green
Bonds and Its Determinants

Author’s e-mail anca.kortusova@gmail.com
Supervisor’s e-mail kocenda@fsv.cuni.cz

http://ideas.repec.org/j/C31.html
http://ideas.repec.org/j/C33.html
http://ideas.repec.org/j/G12.html
http://ideas.repec.org/j/G14.html
http://ideas.repec.org/j/Q01.html
http://ideas.repec.org/j/Q56.html
mailto:anca.kortusova@gmail.com
mailto:kocenda@fsv.cuni.cz


Abstrakt
Zelené dluhopisy představují slibný nástroj jak umožnit investorům financo-
vat projekty v oblasti životního prostředí. Otázkou zůstává, zda-li se výnosy
zelených dluhopisů liší od výnosů dluhopisů konvenčních. Tato práce zkoumá
tyto cenové nesrovnalosti na sekundárním trhu porovnáním výnosů zelených a
syntetických konvenčních dluhopisů pomocí panelové regrese s použitím fixních
efektů. Výsledky analýz odhalují existenci negativní prémie (“zelená prémie”)
spojené se zelenými dluhopisy: díky vysoké poptávce ze strany investorů za-
měřujících se na udržitelné investice vykazují zelené dluhopisy nižší výnos v
porovnání s konvenčními, a to v průměru o 1.12 bazických bodů. Průřezová
data jsou použita pro estimaci variace zelené prémie napříč dluhopisy s různými
charakteristikami. Zjišťujeme, že investoři jsou ochotni přijmout nižší výnos
u dluhopisů, jejichž přínos k životnímu prostředí a report o alokaci výtěžků
obdržely externí ověření. Výnos zeleného dluhopisu také klesá, pokud jsou
výtěžky použity na financování nových projektů, zatímco refinancování existu-
jících projektů vede ke zvýšení požadovaného výnosu dluhopisu. Naše zjištění
poskytují cenné přínosy v inovativní oblasti zelených dluhopisů. Odhadovaná
velikost zelené prémie nasvědčuje tomu, že rozdíl ceny zelených a konvenčních
dluhopisů nepředstavuje pro běžné investory překážku. V neposlední řadě
ukazujeme, že kredibilita a přidaná hodnota zelených dluhopisů jsou oblasti,
na které je třeba se zaměřit, pokud má být zvýšena důvěra investorů v tento trh.
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Proposed topic Financing Climate Action: The Pricing of Green Bonds

and Its Determinants

Motivation During recent years, increasing awareness of the need to take action
and actively fight climate change has attracted the attention of both investors and
bond issuers towards the green bond market. Green bonds are innovative fixed-
income financial instruments that differ from conventional bonds in terms of use of
proceeds as finance raised can be applied exclusively to projects with clear envi-
ronmental benefits (“greenness”). Since the issuance of the first green-labeled bond
by the European Investment Bank in 2007, the green bond market has been expe-
riencing rapid growth, with the total global issuance reaching US$167.3 billion in
2018 (Climate Bonds Initiative, 2019). In comparison to only four years ago, when
US$42 billion in green bonds were sold during 2015, the green bond market has
proven increasingly popular and as a result, continued becoming more mature and
diversified.

Despite the exponential growth during recent years, there is still substantial po-
tential for the green bond market’s future development, as long as sustainability
issues and climate change mitigation remain global priorities. Bearing in mind their
pledge to shift economies into climate-resilient and low-emission, governments need
financial resources for infrastructure investments required under the Paris Agreement
and 2030 Agenda for Sustainable Development. At the same time, green bonds is-
suance is of interest to corporations as well, since tightening ecological standards and
regulations put firms under pressure to prove as environmentally responsible. There
is a strong need for the private sector to take part in the environmental transition
and supplement funding that is necessary to close the investment gap for climate
change mitigation and adaptation plans.

In order to direct capital flows into green projects and ensure further develop-
ment of the green bond market, it is crucial to evaluate the pricing of green bonds

mailto:anca.kortusova@gmail.com
mailto:kocenda@fsv.cuni.cz


Master’s Thesis Proposal xiv

and understand its underlying characteristics. There has been a limited number of
studies examining the existence of a green premium. Green premium, also called the
“greenium”, is the difference between the yield on a green bond and otherwise iden-
tical conventional bond. Existing works on the pricing of green bonds vary widely in
terms of the type of data used, selected time frame, geographical coverage, as well as
research methodology employed. Subsequently, empirical results do not reveal any
unequivocal conclusion on the relative pricing of green bonds with respect to conven-
tional bonds. The majority of recent studies find evidence that green bond issuers
borrow at lower rates than they would have through conventional bonds (e.g. Ehlers
& Packer, 2017; Hachenberg & Schiereck, 2018; Zerbib, 2019). However, the magni-
tude of the estimated negative premia varies widely. Conversely, in a study of the
premium on municipal bonds in the secondary market, Karpf & Mandel (2018) find
a positive premium. The study produced by the Climate Bonds Initiative (2018) on
the yield differential between green and conventional bonds at issuance claims that
there is no significant difference in the primary market.

This thesis aims to exploit the momentum of the fast-growing green bond market
and the increased availability of data to follow up on previous research. The ultimate
goal is to study the yield differential between green and conventional bonds in the
secondary market and examine if premium found in previous studies prevails in the
market. Furthermore, the characteristics of green bonds and their issuers will be
analyzed to find out what are the main determinants of the yield differential.

Hypotheses

Hypothesis #1: There does not exist a negative premium on green bonds in
comparison to otherwise identical conventional bonds in the secondary market.

Hypothesis #2: The green premium does not vary with green-related charac-
teristics of issued bonds.

Hypothesis #3: The green premium does not vary with the characteristics of
the bond issuer.

Methodology The dataset will be retrieved from Thomson Reuters Eikon as bonds
with the label green. The database provides detailed information on the bonds and
their issuers. Furthermore, additional information on the bonds will be retrieved
from the Climate Bonds Initiative which covers green bond issuance since 2007.

A matching method, used in the financial literature as a preferred technique to
assess the intrinsic value of a specialized instrument, will be utilized to estimate the
yield differential between green and equivalent conventional bonds. In the first step,
treated and control groups will be identified. Green bonds will constitute the treated



Master’s Thesis Proposal xv

group and conventional bonds the control group. Based on the approach introduced
by Zerbib (2019), two conventional bonds will be matched with one green bond,
and triplets of securities with similar characteristics except for the one of interest
(“greenness”) will be created. An important step involves determining which bond
characteristics must be an exact match. Following previous research (e.g. Hachen-
berg & Schiereck, 2018; Zerbib, 2019), variables with exact match will include the
type of issuer, currency, rating, bond structure, seniority, collateral and coupon type.
The difference in maturity and liquidity between green and conventional bonds is also
desired to be as small as possible and will be constrained to ensure that no large de-
viations affecting the yield level occur.

Following Zerbib (2019), once the panel of triplets of green and conventional
bonds is composed, the daily ask yields will be retrieved. A synthetic conventional
bond will be constructed so that its maturity matches that of the green bond. Then,
the yield spread between the securities will be computed. The next step will involve
the estimation of the green premium through fixed effects panel regression of the yield
spread on the bonds’ difference in liquidity. The green premium will be captured
by the unobserved specific effect. In contrast to many previous studies, such an
approach will enable to control for liquidity differential between each green bond
and corresponding conventional bond.

Finally, in order to test hypotheses concerning the determinants of the green
premium, a linear regression of the estimated green premium on bond characteristics
will be run. It is important to note that as the dependent variable is an estimate
produced in the first stage of the analysis, the variation in the sampling variance of
the observations will induce heteroskedasticity (Lewis & Linzer, 2005). To deal with
this issue, Weighted Least Squares estimation will be employed. In this stage, we
will examine if there is a variation in the magnitude of the green premium with bond
characteristics such as issue amount, currency, rating, and maturity. Furthermore,
this part of the analysis will try to give answers to questions: a) Do green bonds that
signal higher credibility of greenness enjoy pricing benefits?; b) Does the issuer’s
environmental profile play role in the pricing of issued green bonds?; c) Is better
reputation of the issuer associated with higher pricing?

Expected Contribution The green bond market is considered as a critical instru-
ment for funding the investments needed to achieve goals set by the international
environmental agreements. To sustain the fast pace of the green bonds’ growth and
development, it is vital to explain the concerns of prospective investors, one of them
being their pricing. Therefore, this master’s thesis aims to expand the existing re-
search of the green bond market by examining the existence of a green bond premium
in the secondary market. As the existing literature aiming to explain the pricing of
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green bonds is limited and empirical results are mixed, this work will contribute to
the current discussion by utilizing the increasing availability of data and analyzing
the up-to-date global green bond universe. An empirical model similar to the one
used by Zerbib (2019) will be employed in order to estimate the difference in the
pricing of green and otherwise similar conventional bonds. Next, the contribution
within the existing research lies in the subsequent analysis and identification of fac-
tors that influence the pricing of green bonds. Specifically, it will be examined if the
magnitude of the green premium varies with the “greenness” of the issuer and the
green bond’s credibility and transparency.

The evaluation of the greenness and its determinants is crucial for the future
growth of the green bond market and for ensuring that capital necessary for ambitious
environmental goals is secured. The results obtained in this thesis will be of great
interest to all involved parties. The finding that green bonds are priced in line with
conventional bonds is the key to enhance investors’ interest in environment-related
projects. Such a result would enable to further diversify the investor base as not only
environmentally responsible investors would find green bonds appealing. However,
the small negative premium would not necessarily jeopardize investors’ interest but
would present an opportunity for issuers to take advantage of the pricing advantage.

Outline

1. Introduction

2. Motivation: Introduction of the green bond market in a broader context of
climate change mitigation and adaptation.

3. Literature Review: Review of current research on green bond pricing and
overview of different research methods employed.

4. Data: Explanation of data collection and final sample construction. Presen-
tation of the descriptive statistics of the data used for analysis.

5. Methodology: Explanation of the process of forming matched pairs of green
and synthetic conventional bonds, and a detailed description of the estimation
models and stages of the analysis.

6. Results: Discussion of the models’ results and robustness checks.

7. Conclusion: Summarization of results and their implications for market par-
ticipants.
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Chapter 1

Introduction

The climate change has turned into an omnipresent topic as its environmental
impacts became both more severe and frequent, causing disruptions of eco-
nomic activities and resulting in political and social tension. According to the
Global Risk Report released by the World Economic Forum in 2020, for the first
time in the history, environmental concerns, such as extreme weather, failure
to take climate action, and natural and human-caused environmental disasters
dominate the top long-term risks (World Economic Forum, 2020). Witnessing
the pronounced climate change consequences, an increasing number of govern-
ments, business leaders, and consumers are realizing the unprecedented chal-
lenges that environmental issues bring. Policymakers are revisiting national
plans to tackle climate change more resolutely, and companies are becoming
more forward-looking, striving to turn business operations into environmentally
responsible. An example that stands out is the We Mean Business Coalition,
formed by almost 2,000 world-leading companies with a market capitalization
of over US$20 trillion, which has committed to climate actions such as the
transition to net-zero greenhouse gas (GHG) emissions, renewable energy use,
and electric transport implementation (We Mean Business Coalition, 2020).
Yet, the shift of the global economy into low-carbon and climate-resilient re-
quires tremendous investments, and active involvement of asset owners in the
transition is crucial.

In this regard, a remarkable number of investors showed efforts to include
Environmental, Social and Governance (ESG) factors into their investment deci-
sions. For instance, over 2,000 investors have signed the Principles for Respon-
sible Investment and incorporated the ESG issues in their investment practices
(PRI, 2020). What is more, asset owners started focusing on actual environ-
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mental impacts of their investments (Inderst & Stewart, 2018). In this respect,
worth mentioning is the Net-Zero Asset-Owners Alliance, comprising of 27 in-
stitutional investors with nearly US$5 trillion in assets under management,
who have committed to transitioning their investment portfolios to net-zero
GHG emissions by 2050 (UNEP FI & PRI, 2020). Another example of in-
vestors’ activism in environmental questions is the Climate Action 100+ initia-
tive launched in 2017, represented by more than 370 investors who engage with
the world’s biggest GHG emitters in the attempt to curb down emissions and
strengthen climate-related financial disclosures (Climate Action 100+, 2020).

Thus, while traditionally the biggest portion of sustainable investing took
place in the equity market (Inderst & Stewart, 2018), our research is driven
by the latest interest in outcome-oriented sustainable investing. We seek to
investigate green bonds, fixed-income instruments that emerged to accommo-
date the demand for green investing opportunities. Green bonds are by their
nature tailor-made for such investing goals, as their proceeds can be used ex-
clusively for environmental projects. However, despite the impressive growth
of the green bond market over the past decade, several challenges that might
hinder future development prevail. Up to now, no united opinion has been
reached whether the green label influences bond yields, leaving the investors’
debates about this topic unresolved. In this light, parties involved in the green
bond market call for more academic research (e.g., Inderst & Stewart, 2018).
If green bonds are to play a significant role in shifting economies to more sus-
tainable, their pricing with respect to conventional debt is a central issue that
has to be untangled. The reason behind is that although studies have shown
some investors are willing to sacrifice part of their financial returns in exchange
for environmental benefits (e.g., Derwall et al., 2011; Zerbib, 2019), the further
uptake of green bonds hinges upon whether also large institutional investors
can turn to green bonds in pursuit of fulfilling the environmental criteria inte-
grated in their investment policies. If green bonds trade at significantly lower
yields than conventional bonds, major institutional investors find themselves
in a precarious situation as they do not have mandates to give up financial
returns for green investments (Inderst & Stewart, 2018).

Apart from the green bond pricing, the latest research (e.g., Deschryver &
de Mariz, 2020; Flammer, 2020; Maltais & Nykvist, 2020) together with anec-
dotal evidence reveals other investors’ concerns in regards to green bonds. Two
topics standing out are “greenwashing” and “additionality”. Greenwashing re-
lates to investors’ suspicion that the lack of regulation assuring legal compliance
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with the green claims might result in a misuse of the green label for marketing
and branding purposes, rather than benefiting the environment. The addition-
ality of green bonds revolves around their ultimate ambition which is to scale
up the number of environmental projects. As it became a common practice to
use green bonds’ proceeds to refinance existing projects, a question arises of
what additional value does the green label in such cases bring.

The ultimate aim of this study is to revisit the topic of the green bond pric-
ing and quantify the magnitude of the green premium1 with the use of most
up-to-date available data. Furthermore, because dialogues with green bond
market actors suggest that both pecuniary and non-pecuniary motives might
drive investors’ capital into green investments (Maltais & Nykvist, 2020), we
aim to investigate whether the price difference between green and conventional
bonds arises due to environmental preferences or due to investors’ beliefs that
green investments carry lower climate-related financial risk. Lastly, we fol-
low the suggestions posited in the latest studies (e.g., Gianfrate & Peri, 2019;
Zerbib, 2019), and address the rather neglected area in the research on green
bonds—the variation of the green premium with other non-financial bond char-
acteristics. We investigate whether the magnitude of the green premium varies
with the level of traceability and confirmation of the bond’s green credentials,
and to address the topic of additionality, we shed light on whether investors
value differently green bonds whose proceeds are used to finance and refinance
environmental projects.

Our empirical set-up bears a close resemblance to the one proposed by
Zerbib (2019) who defines the green premium as the difference in the ask yield
between green and otherwise identical conventional bonds. In the spirit of
Zerbib (2019) and Hyun et al. (2020), we apply a matching method and create
94 triplets of straight, senior, investment-grade green bonds with plain vanilla
fixed coupon, and similar conventional bonds. We obtain secondary market
pricing data to determine the daily yield spreads between green and synthetic
conventional bonds, which are constructed so that their maturity matches the
maturity of the green counterpart. We perform a fixed effects regression of the
yield spread while controlling for liquidity differential on our sample consisting

1In this study, we use the generally accepted term green bond premium or green premium
to refer to a negative differential between the yield of a green bond and a yield of an equivalent
conventional bond. A green premium thus arises if green bonds are issued or trade at lower
yields than they would have without the green label. In the opposite case when the yield of a
green bond exceeds the yield of an identical conventional bond, we call this yield differential
a green discount.
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of an unbalanced panel with 42,617 bond-day observations. We extract the
green bond premium, captured by the unobserved bond-specific intercepts, and
regress it on various bond characteristics to define its determinants.

Our results show that the yield of a green bond is on average 1.12 basis
points (bps) lower than the yield of a similar conventional bond. We thus
confirm previous findings on the existence of green premium, however, we find
that its magnitude is smaller than reported in some of the earlier research
(e.g., Gianfrate & Peri, 2019; Nanayakkara & Colombage, 2019; Preclaw &
Bakshi, 2015; Zerbib, 2019). We do not find any evidence indicating that
higher prices of green bonds arise as a consequence of their lower exposure to
climate-related financial risk, as previously suggested by Maltais & Nykvist
(2020) and Asian Development Bank (2018). Finally, our analysis suggests
that the green premium increases for bonds with a bond-specific Second Party
Opinion (SPO) and a third-party assurance statement, by up to 2.6 bps and 3.3
bps, respectively. While audited impact report is not priced by investors in the
secondary market, they seem to value the audit on the use of proceeds report.
We document that such a post-issuance assurance further lowers the green
bond yield by approximately 2 bps. Moreover, concerns about the additionality
of green bonds are also reflected in their pricing—use of bond’s proceeds for
financing new projects decreases its ask yield by approximately 1.9 bps while
project refinancing is penalized by an increase in the ask yield of approximately
2.6 bps.

The findings of our study contribute to the understanding of the still rel-
atively young market in several ways. While the estimated yield differential
between green and conventional bonds is statistically significant, its magnitude
does not have any substantial economic consequences and does not present a
discouragement for a broader range of investors to engage in green bond invest-
ments. We also find evidence that the green premium is attributed to the high
demand from value-seeking investors, and thus confirm previous suggestions
that green bond issuance is likely to attract new investors and diversify the
investor base (e.g., Deschryver & de Mariz, 2020). Our research contributes
to the dialogues about how to establish an environment enabling green bonds
to become mainstream financial instruments. We provide evidence that in-
vestors’ concerns about the green credibility and additionality of green bonds
materialize in the green bond market, thus highlighting areas that need to be
addressed so that the design of green bonds meets investors’ needs. The forma-
tion of widely-accepted and legally enforceable international standards together
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with unified compulsory pre-issuance and post-issuance disclosures is vital to
enhance investors’ understanding and trust in the green label and thus consol-
idate the market. Lastly, to support more green bond issuances, it is essential
to promote further understanding of the importance of green bonds not only
as tools to raise additional finance for green projects but also as catalysts of a
broader sustainability movement among the financial market actors.

The remainder of the thesis is organized as follows. Chapter 2 introduces
green bonds as innovative sustainable investing tools that help to raise finance
necessary to fight the climate crisis. Furthermore, the history, current trends,
and standardization of the green bond market are presented. Chapter 3 pro-
vides an overview of the existing literature on green bond pricing, and testable
hypotheses are developed in Chapter 4. A detailed description of the initial
dataset of green bonds, the matching procedure, and the synthetic conven-
tional bond construction is presented in Chapter 5, together with the descrip-
tive statistics of the final green bond sample. Chapter 6 formally introduces
the methodological approach, and Chapter 7 provides the estimation results
together with robustness checks. The findings and their implications for the
green bond market participants are discussed in Chapter 8, along with the
thesis’ limitations and suggestions for future research. Finally, Chapter 9 sum-
marizes and concludes our thesis.



Chapter 2

The Concept of Green Bonds

2.1 Climate emergency and the case for green
bonds

During the past decade, increasing awareness of the need to take action and
actively fight climate change was reflected in important actions taken by gov-
ernments across the globe. The great collective effort of policymakers resulted
in the establishment of several international agreements on climate change.
Among these, the 2015 Paris Agreement stands out with the number of in-
volved parties and highly ambitious goals. Through this treaty, 196 countries
pledged to strive for future development and growth that would be sustain-
able for our planet by committing to transforming their economies to cut down
GHG emissions and enhancing resiliency to the impacts of climate change. The
actions undertaken by individual countries share an ultimate goal common to
all—preventing the temperatures from rising more than 1.5 to 2°C above the
pre-industrial levels.

Five years have passed since the conference in Paris and it became evident
that stronger engagements are inevitable if climate change is to be combated
effectively and in a timely manner. The Climate Action Tracker, a group of
independent research organizations involved in a scientific analysis of climate
actions, reported that even if all governments succeed to cut national emissions
to levels specified in their climate mitigation targets, the global temperature
will increase more than 2.9°C by 2030 (Climate Action Tracker, 2019). More-
over, only a minority of national policies are ambitious enough to pursue the
intended reductions in GHG emissions to which they pledged by submitting the
so-called Nationally Determined Contributions, the country-specific plans on
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climate change mitigation and adaptation required under the Paris Agreement.
In fact, the Climate Change Performance Index (2018) reported that as of 2019,
none of the tracked countries1 was on a well-bellow 2°C pathway in terms of its
performance in GHG emissions, renewable energy, and energy use. The results
reveal that despite the political promises, countries are being unsuccessful in
their pathways towards a sustainable future. Such findings match the actual
evidence on the GHG emissions. While the CO2 emissions’ growth has been
stagnant through 2014–2016, the global CO2 emissions started rising again in
2017 (UNEP, 2019). Moreover, the climate scientists from the MET Office
(2020) estimate the 2020 human-caused emissions of CO2 to be at a record
high of one of the largest within the 62 years of measurement. Irrespective
of the statistics, it is becoming increasingly evident that climate change is a
global phenomenon that has real impacts on people’s everyday lives. While
some parts of the world struggle with rising temperatures accompanied by ex-
treme heatwaves, droughts and wildfires; other experience intensifying rainfalls
and snowfalls. Such environmental instabilities pose threats not only to wildlife
habitats but also to the well-being of societies, economic development, and fi-
nancial stability. This is supported by the UNEP (2019) which estimates the
annual losses of the global gross domestic product due to climate change at
5–20%.

Being a witness of the pronounced physical impacts of climate change, so-
ciety itself is getting aware of the urgency to act immediately. The growing
global climate movement is putting strains on governments to increase their
efforts to combat climate change and pursue sustainable development (Climate
Change Performance Index, 2018). The 2019 United Nations (UN) Climate
Action Summit brought together governments and private sector leaders to fol-
low up on their previous commitments and actions on climate change (UNDP,
2019). Being mindful of the need to handle climate matters more responsi-
bly, the attendees presented a future approach to climate change mitigation
and adaptation, including financial schemes on the planned measures. An-
nouncements made seem to have boosted the momentum of climate action: 65
economies made a promise to cut GHG emissions to zero by 2050, and further
70 countries committed to increase their ambitions in the process of doing so
(United Nations, 2019). Similarly, 100 business leaders holding over US$2 tril-
lion in assets submitted action plans aimed to foster the transition from grey

1Evaluated countries include all the European Union member states and other 56 countries
across the world.
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to green economy (United Nations, 2019).
Bearing in mind their pledge to shift economies into climate-resilient and

low-emission, governments and businesses now need substantial financial re-
sources to meet promises on the individual contributions to the global goals.
Yet, the lack of sufficient adaptation and mitigation finance presents one of
the central issues that prevent climate actions to scale up. OECD (2017) at-
tempted to quantify the investments necessary to deliver on the goals of the
Paris Agreement and estimated required annual investments into energy, trans-
port, water, and telecommunications at US$6.9 trillion until 2030. To this end,
the review of actual international climate finance flows as estimated by the Cli-
mate Policy Initiative, the leading authority in tracking and analyzing climate
finance, reveals that the investment gap is tremendous. In its report, Climate
Policy Initiative (2019) provides an estimate of US$546 billion on average an-
nual global climate finance flows in 2018. It is obvious that the mobilization of
finance needs to ramp up to effectively respond to climate changes and achieve
the spending targets. However, as the magnitude of the above-stated figures
suggests, national governments, which nowadays present the climate action
protagonists under the legally-binding environmental agreements, are not ca-
pable to address the environmental issues alone and intensified involvement of
the private sector is crucial (Park, 2018). The solution for a low-carbon and
climate-resilient future is two-fold. On one hand, businesses need to involve en-
vironmental considerations alongside their operations and scale up the greening
of their balance sheets by undertaking sustainable projects. Due to growing
recognition of environmental risks together with strengthened environmental
laws and regulations, such measures will become inevitable and companies will
need to seek opportunities on how to transform business practices into environ-
mentally sustainable. On the other hand, the private sector needs to leverage
its resources and supply financing for such projects. Given the assets under
management in 2019 totaled US$89 trillion (Boston Consulting Group, 2020),
there is indeed an immense potential to unlock considerable money flows from
important financial investors, such as investment banks, institutional investors,
and assets managers. In this light, we examine one of the financial instruments
that enhance climate finance flows by interlinking the supply of climate-friendly
projects with demand for responsible investment opportunities—an investment
tool called a green bond.
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2.2 Investors’ appetite for sustainable investments
Green bonds are financial instruments that fall within a broad field of sustain-
able investing. Sustainable investing, or often synonymously used terms such as
socially responsible investing or ESG investing, can be defined as an investment
approach where also ESG factors together with financial considerations guide
the selection and management of investments (Global Sustainable Investment
Alliance, 2018). This approach, where financial capital is sought to be deployed
in a manner that promotes economic prosperity, protects the environment, and
supports social justice, is already being widely adopted by the biggest insti-
tutional investors (Park, 2018). Due to its increasing relevance, sustainable
investing is under a constant process of innovations and adjustments to new
trends so that it addresses emerging global risks as well as expectations of
the investing community adequately. Accordingly, sustainable investing is a
wide-ranging category including various investment styles across both equity
and fixed-income markets. The most common styles are negative screening,
ESG integration, and shareholder action in the matter of sustainability (Global
Sustainable Investment Alliance, 2018). The remaining types include impact
and thematic investing.

Green bonds belong to the thematic ESG incorporation class (PRI, 2020).
What sets green bonds apart from equities when it comes to incorporating ESG

considerations into investment decisions is that they present a unique opportu-
nity how to direct finance into specific green projects rather than into general
company activities (Boulle, 2014). Since its origins, the green bond market
has undergone an impressive development and turned from a niche market
to a phenomenon receiving the attention of the whole investing community.
Thus, the observed demand for green bonds does not have to be necessarily
attributed to environmentally conscious investors only, as is often believed. In
fact, Derwall et al. (2011) claim that the movement of sustainable investing
is led by both value-driven and profit-seeking investors. The first segment of
value-driven investors builds its investment decisions on inner ethical motiva-
tions and recognizes an additional value in promoting sustainability. Similarly,
institutional investors are increasingly more often required to include a certain
percentage of green assets into their investment portfolios under institutional
guidelines (Park, 2018). On the other hand, there might exist direct financial
incentives tied to green bond investments. Traditional profit-seeking investors
can decide for green bonds if such an investment offers them better return,
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lower risk, and/or increased diversification compared to similar conventional
bonds (Maltais & Nykvist, 2020). In this regard, Park (2018) suggests that
green bonds can be seen as suitable instruments for reducing the financial risk
associated with climate change2. If a climate-related financial risk is considered
apart from the traditional sources of risk, profit-seeking investors might invest
in green bonds in the search of simple risk-return maximization because such
investments provide them means to hedge against environmental financial risks
(Ehlers & Packer, 2017).

2.3 Green bond market: Its evolution and current
trends

In 2007, the European Investment Bank raised the awareness of the possibility
to fund environmental sustainability when it issued a €600 million structured
Climate Awareness Bond whose proceeds were dedicated to renewable energy
and energy efficiency projects (International Finance Corporation, 2016). In
the same year, several Swedish pension funds, insurance companies, and other
investors showed a willingness to invest in climate change measures and ap-
proached Swedish bank SEB asking for such opportunities (The World Bank,
2018). As a response, SEB partnered with the World Bank to launch a green
bond program and by issuing the world’s first green-labeled bond in November
2008, the World Bank pioneered the concept of green bonds. Since then, green
bonds have presented a way to connect environmentally conscious investors
with projects focused on climate change mitigation and adaptation (The World
Bank, 2018).

The green bond market has evolved tremendously over the past 12 years.
The early years’ issuance was driven mostly by other multilaterals, such as the
International Bank for Reconstruction and Development (IBRD), the European
Bank for Reconstruction and Development (EBRD), the African Development
Bank, or the Asian Development Bank. However, an important milestone was
the issuance of a benchmark US$1 billion green bond by the International Fi-
nance Corporation (IFC), a member of the World Bank Group, in February

2According to the Financial Stability Board (2016), 2 forms of climate risk are recognized:
a physical risk, directly tied to climate change or long-term shifts in weather patterns that
cause damage to physical assets; and a transition risk, associated with the transition to a
low-carbon economy and related costs incurred by changes in policies, laws, technologies,
and market in general.
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2013. Investors realized that the market could meet their liquidity and size re-
quirements and became increasingly interested in green bonds (Boulle, 2014).
2013 was a debut year for corporate issuers when Swedish development com-
pany Vasakronan, French utility company EDF, and Bank of America led off
corporate green bonds (Baker et al., 2018). In the same year, local governments
in France and Spain paved the way for government green bond issuance (Cli-
mate Bonds Initiative, 2019b). The involvement of private corporations and
financial institutions has been a breaking point and one of the major driving
forces behind the success of the green bond market (Talbot, 2017). The green
bond market was gaining momentum and the annual issuance size of US$11 bil-
lion in 2013 more than tripled to US$36.5 billion in the following year (Climate
Bonds Initiative, 2019b). The green bond issuance sustained the increasing
trend and reached a record high of US$257.7 billion in 2019, an impressive 51%
year-on-year growth (Climate Bonds Initiative, 2020a).

The green bond market is turning into well-diversified in terms of country
of issue and issuer type. Nowadays, also developing countries explore available
options to obtain finance necessary for delivering on commitments under in-
ternational climate agreements. Accordingly, the rise of green bonds can be
observed in developing countries. All of the 2019 debut issuances came from
emerging economies, such as Barbados, Ecuador, Kenya, and Panama (Climate
Bonds Initiative, 2020a). Similarly, more governments returned to the green
bond market with new issuances in 2019, among which for example Chile,
Indonesia, Poland, and Nigeria (Climate Bonds Initiative, 2020a). Another no-
table trend is the recent strengthened involvement of non-financial corporates,
which aids the further expansion of the market by raising its awareness. The
contributions of the non-financial corporates in 2019 almost doubled compared
to 2018 (Climate Bonds Initiative, 2020a). Among the important issuers are
for example French electric utility power Engie SA, which ranked as the largest
corporate issuer with US$2.28 billion raised; Apple, Starbucks, or Verizon (Tan,
2019). The increasing average green bond size totaling a record high of US$107
million in 2018 (Climate Bonds Initiative, 2019b) is another promising sign, as
it helps to incubate the institutional investor base, which can subsequently
improve the market liquidity and depth.
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2.4 Standardization of the green bond market
There does not exist a unified legal definition of a green bond, leading to gov-
ernance difficulties as well as investors’ skepticism about the trustworthiness of
the “green” label. Anecdotal evidence from the green bond market practition-
ers reveals prevailing concerns that the lack of standardization and legal en-
forceability leaves room for greenwashing, a term used to describe a company’s
misleading claims about its practices being environmentally friendly when they
are not (Flammer, 2020). What makes green bonds particularly susceptible to
greenwashing concerns is that the marketed bonds are self-labeled as green by
issuers. To minimize the possibility that doubts about the green credibility
and legitimacy might hinder the expansion of green bonds, a private gover-
nance regime led by multilateral institutions, research organizations, third-
party assurance providers, rating agencies, and consultancies has developed
(Park, 2018). Compared to publicly established laws, the rather decentralized
set of market-based regulations and standards brings the benefit of being flex-
ible and responsive to the needs of the still relatively young and fast-evolving
market and its participants (Park, 2018). The following subsections describe
the established regulatory standards and common types of non-financial dis-
closures that accompany green bonds.

2.4.1 Definition of green bonds

Although the term green bond can be used in relation to a wide range of
underlying environmental investments, it is usually associated with climate
change-related projects. The International Capital Market Association (ICMA)
formally describes a green bond as “any type of bond instrument where the
proceeds will be exclusively applied to finance or refinance, in part or in full,
new and/or existing eligible Green Projects” (ICMA, 2018). Green bonds share
standard characteristics with ordinary bonds except for that their proceeds are
used solely for funding initiatives relevant for addressing environmental chal-
lenges, regardless of whether through climate mitigation or climate adaptation
projects. Until nowadays, the most common type of issued green bonds has
been the “use of proceeds bond” (Climate Bonds Initiative, 2019a). This type
of green bond is fully recourse to the issuer, meaning that the bond is backed
by the entire balance sheet and thus has the same credit rating as other is-
suer’s bonds (International Finance Corporation, 2016). Furthermore, the use
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of proceeds bond is earmarked for specific projects at the time of issuance (Tal-
bot, 2017). However, in line with the development of the green bond market,
a variety of green bond types has developed. Today, other common types of
green bonds include “asset-backed green bonds”, where specific green projects
or assets generate a revenue stream and bond payments to investors are di-
rectly tied to the performance of underlying projects. Another type is a “green
project bond”, a debt instrument aimed at funding green projects which are
established as an independent legal entity (Calderon & Carbajal, 2019). In
this case, the bond is secured by the project’s assets and balance sheet, making
an investor directly exposed to the project-specific risk. On the other hand,
the structure of a green project bond guarantees financing of planned purposes
and thus increased transparency on the use of proceeds (Calderon & Carbajal,
2019).

The unprecedented expansion of the variety and number of green bonds led
to increasing pressure on promoting integrity, accuracy, and transparency of
information on the pre-issuance and post-issuance processes and disclosures for
investors (ICMA, 2018). The following text presents an overview of general
guidelines, principles, and verification schemes that have developed.

2.4.2 Green Bond Principles

In 2014, ICMA presented the Green Bond Principles (GBP) as “voluntary guide-
lines on recommended process for the development and issuance of Green
Bonds” (ICMA, 2018). Until today, the GBP present the most well-known
and widely accepted voluntary approach for the international issuance of green
bonds (Bachelet et al., 2019). The GBP are set to foster the further expan-
sion of the green bond market by not being overly prescriptive or by imposing
additional barriers to entry (International Finance Corporation, 2016). Ac-
cordingly, the issuance of green bonds is opened to all types of issuers in the
debt capital markets, as long as the issuance is aligned with 4 key compo-
nents defining issuer’s responsibilities along the process: i) Use of Proceeds,
ii) Process for Project Evaluation and Selection, iii) Management of Proceeds,
and iv) Reporting (ICMA, 2018). The Use of Proceeds component is often
considered as the cornerstone of the concept of green bonds (Talbot, 2017),
as it outlines specific project categories eligible for funding, together with how
their environmental benefits will be quantified. The 2018 edition of the GBP
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newly recognizes categories of eligible green bond projects which contribute to
5 broad environmental goals: climate change mitigation, climate change adap-
tation, natural resource conservation, biodiversity conservation, and pollution
prevention and control (ICMA, 2018). Moreover, green bonds are not limited
to the predefined categories and issuers can nominate new projects as long as
the contribution to environmental sustainability is determined.

Within all the 4 key components involved in issuing a green bond, the GBP

incite process transparency. The qualification of green projects, tracking of dis-
bursements, and reporting on the use of proceeds and environmental impacts
should be clearly stated and publicly available so that investors can obtain in-
formation on the types of projects funded and their expected contribution to the
2°C transition (ICMA, 2020). Because the information availability and quality
on the allocation of bond’s proceeds and its environmental impact vary consid-
erably between issued bonds, the 2018 revised edition of the GBP specifically
highlights the importance of timely and up-to-date post-issuance reporting of
the material development of undertaken projects (ICMA, 2018). To aid the
transparency and harmonization of the impact reporting, the GBP’s Resource
Centre offers further guidance and templates for such reporting (ICMA, 2018).

Importantly, green bond issuers comply with the process standards estab-
lished the GBP voluntarily. Thus, self-declared alignment with the principles
does not necessarily increase the green credibility of the issuer. Although not
included as part of the 4 key components of the guidelines, external review on
the alignment with the GBP was recommended by ICMA in its 2015 report, and
best practices were further described in the Voluntary Guidelines for External
Reviewers issued in 2018 (ICMA, 2018). The most common forms of external
reviews are discussed in Subsection 2.4.4.

2.4.3 Green Bonds Standards and Certification Scheme

Apart from the GBP, the Climate Bonds Initiative (CBI), an international
investor-focused non-for-profit organization, established the Climate Bonds
Standard (CBS) and Certification Scheme. In comparison to the GBP, the
framework established by the CBI is more prescriptive as it introduces sector-
specific standards and eligibility criteria (Talbot, 2017). The higher level of
rigorousness is also supported by the fact that bonds aligned with the CBS are
automatically in line with the GBP as well (International Finance Corporation,
2016). The CBI introduces an assessment process of compliance with the stan-
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dards, as well as steps that need to be followed if an issuer seeks to obtain a
green certification seal (Park, 2018). The provision of the Climate Bond Cer-
tification is subject to pre-issuance and post-issuance requirements. Firstly, as
part of the issuance process, an issuer must engage an approved verifier who
submits a report to the CBI, assuring the CBS requirements have been met.
After the receipt of the final decision from the CBI, the bond can be issued
with the Certified Climate Bond mark. The certification also applies to the
post-issuance phase, and the verifier is obliged to submit an additional report
within 12 months after the issuance if the Climate Bond Certification is to be
maintained. The issuer is further required to report annually to bondholders
and the CBI.

The stringent criteria of the certification regime imply that the issuer needs
to implement appropriate internal procedures to align the green bond issuance
with prescribed conditions (Climate Bonds Initiative, 2020b). Not only is the
establishment of formal green bond governance procedures time-consuming,
but the requirement of engaging an external assurance provider or auditor who
reports on compliance with specified requirements brings extra costs (Park,
2018). Additionally, a CBI’s certification seal comes at a fee of 1/10th of a
basis point of the bond’s principal (Climate Bonds Initiative, 2020b). Due
to the demanding nature of the certification process and the high cost of the
certification itself, only 248 green bonds have obtained certification as of May
2020 (Climate Bonds Initiative, 2020b).

2.4.4 External reviews

Another way how a green bond issuer can demonstrate the credibility of the
bond’s greenness is by engaging an external verifier. The external verifica-
tion most commonly takes the form of a so-called Second Party Opinion or a
third-party assurance and is provided by organizations with expertise in en-
vironmental sustainability projects, research institutes, rating agencies, and
consulting firms (Talbot, 2017).

Second Party Opinion

An SPO, as a prevalent form of external verification (Park, 2018), is usually
understood as an assessment on the alignment with the widely-accepted stan-
dards, such as the GBP or the CBS (ICMA, 2018). Importantly, the primary
focus of SPOs is on sustainability. Generally, an SPO assesses the issuer’s green
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credentials together with his ability to select eligible green projects (Interna-
tional Finance Corporation, 2016). An SPO typically includes an examination
of the issuer’s environmental profile, a review of the green bond issuance frame-
work, and provides a set of recommendations on further improvements. No-
tably, SPOs do not provide any assurance about the expected environmental
impacts and while being drawn up in the pre-issuance phase without further
post-issuance reviews, nor do they guarantee compliance with the promised
use of proceeds. Moreover, since each SPO provider draws on different volun-
tary guidelines and self-developed assessment schemes, a level of inconsistency
prevails among providers. For instance, CICERO, a Norwegian non-for-profit
institute engaged in climate research, as one of the leading providers of SPOs,
builds its assessment of the bond’s greenness on the GBP. After the green
bond’s framework is reviewed, it is classified as dark, medium, or light green
based on the bond’s contribution to the low-carbon resilient future. Other
top SPO providers, also using internally-developed methodologies, include Sus-
tainanalytics, Vigeo Eiris, ISS-Oekom, and DNV GL (Environmental Finance,
2019).

Rating

Similarly to SPO providers, rating agencies established frameworks allowing
them to grade bonds’ greenness. Standard & Poor’s Green Evaluation con-
firms a green bond’s alignment with the GBP and provides a final score of
E1–E4 depending on the effectiveness with which an issuer meets the green cri-
teria. To arrive at the final green score, Standard & Poor’s Green Evaluation
enriches the common review of transparency and governance of green projects
by also considering a variety of environmental key performance indicators, en-
vironmental impact, and resilience level (Standard & Poor’s, 2019). Similarly,
Moody’s Green Bond Assessment informs investors about a green bond’s per-
formance across 5 areas: Organization, Use of Proceeds, Disclosure on Use of
Proceeds, Management of Proceeds, and Ongoing Reporting and Disclosure
(Moody’s, 2016). Based on scores assigned in the areas in question, a green
bond is given a composite weighted rating ranging from GB5 (poor) to GB1
(excellent).

Because rating agencies have entered the green bond market relatively later
than other external review providers, up to date, not many green bond issuers
have sought green ratings. According to data provided by Environmental Fi-
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nance (2019), both Standard & Poor’s and Moody’s bond ratings capture less
than 2.5% of the external reviews provided in 2019. However, given the trans-
parent and robust scoreboard approach which has been established, it can be
anticipated that more bond issuers will seek green ratings in the future (Asian
Development Bank, 2018).

Assurance

Throughout this thesis, we use the term “assurance” to refer to a third-party
assurance statement, as another type of external verification, which is usually
performed by auditors such as PwC, EY, KPMG, and Deloitte. A formal as-
surance report adheres to auditing and assurance standards (Park, 2018) and
can be provided at a reasonable or limited level, depending on the degree of
confidence in the conclusions drawn. In comparison to SPOs, the main goal of
auditors is to provide independent verification of whether a green bond and
its issuance comply with recognized standards such as the GBP and the CBS

(ICMA, 2018), or issuer’s green bond framework. The pre-issuance assurance
provision usually draws upon external and internal documentation and inter-
views with relevant personnel and encompasses a review of the eligibility criteria
for nominated projects, an evaluation of the proceeds management design, and
an assessment of the established environmental performance indicators and
reporting processes. Similarly, a green bond issuer can engage an assurance
provider in the post-issuance phase and obtain assurance on the legitimacy of
the allocation of proceeds and environmental impact reporting.

2.5 Additionality of green bonds
As discussed, green bonds are advocated as tools that help to overcome the
insufficiency of public finance for climate action by unlocking private capital
flows into green infrastructure projects. For example, the CBI, as a promoter of
green bonds, emphasizes the green bonds’ importance in relation to mobilizing
additional capital from investors and directing this capital into low-carbon
and climate-resilient investments that public sector fails to finance (Climate
Bonds Initiative, 2015). In this respect, green bonds are challenged if they
truly enable new capital flows into climate-related projects that would not be
able to obtain financing otherwise (Flammer, 2020). Additionality concerns are
indeed relevant, given that majority of issuers use green bonds for refinancing
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purposes (Kidney, 2018). This holds for financial firms especially, since they
can refinance green loans in their portfolios with green bonds. Consequently,
the additionality criticism revolves around the matter that assigning a green
tag to existing financial flows does not bring any added value because such
practice is a sole relabeling of already running projects.

Putting the criticism into a larger context of the fixed-income market, it
is important to realize that bonds, in general, are strategically best used for
project or asset refinancing. Because bond investors seek stable low-risk long-
term investments, rather than exposing them to the development and construc-
tion risks, green bonds used for refinancing offer investments into projects that
are de-risked and in operational life stage (Kidney, 2018). The protagonists of
green bonds are also pointing out the larger systemic impact of green bonds.
CBI’s CEO Sean Kidney highlights the importance of green bonds in spurring
investors’ excitement about the green transition and engaging both public bod-
ies and businesses in environmental matters (Kidney, 2018). In this light, the
opponents of the additionality objections emphasize that the focus should shift
from the short-term impacts to the understanding of green bonds as vital tools
for inducing interest in climate action by making it more visible.



Chapter 3

Literature Review

Up to date, most of the academic interest in green bonds has revolved around
the crucial question about the existence of a green bond premium. The financial
literature examining green bonds’ pricing dates back to approximately 2015
when the researchers first aimed to shed light on this issue (e.g., Preclaw &
Bakshi, 2015). However, the topic has been more investigated only recently. In
this chapter, we summarize the contemporaneous studies of the pricing of green
bonds and we distinguish the work undertaken in this field based on whether
the focus lies in a primary or secondary market. Furthermore, two approaches
to solving the pricing issue stand out. Accordingly, we split the presented
studies of a green premium by the investigated market and by the methodology
employed, while identifying the differences prevailing among existing research in
terms of data samples, research scope, geographical coverage, and time frame.
Lastly, we outline the evidence of the determinants of the pricing discrepancies
between green and conventional bonds.

3.1 Green bond pricing in the primary market
One strand of literature builds up its research based on a benchmark model
introduced by Baker et al. (2018) in their study of pricing and ownership pat-
terns of green bonds it the primary U.S. municipal market. Baker et al. (2018)
extend the traditional Capital Asset Pricing Model by preferences for green
bonds to capture the existence of an additional value stemming from the pos-
session of green assets, next to the standard risk and return trade-off. A pooled
regression model with fixed effects is introduced to study if environmental at-
tributes result in lower after-tax yields at issue on a sample of 2,083 U.S. muni
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bonds with a green flag issued between 2014 and 2016. Results reveal that
green muni bonds in the United States are issued at a green premium of 7
bps compared to counterfactual ordinary bonds. The reported green premium
is in contradiction with previous research of Karpf & Mandel (2018) who ana-
lyzed U.S. municipal bonds issued between 2010 and 2016 and documented that
green bonds traded in the secondary market at yields on average 7.8 bps higher
than if they were evaluated as conventional. Baker et al. (2018) try to unravel
the inconsistency of the results and suggest that Karpf & Mandel (2018) omit
taxation considerations and the comparison of taxable and non-taxable bonds
might have produced incorrect results. Yet, several limitations of their research
have been pointed out as well. For example, Larcker & Watts (2020) raised
the question of whether the model employed by Baker et al. (2018) enables to
sufficiently control for non-linearities and issuer-specific time variation. Lar-
cker & Watts (2020) argue that given the large covariate differences between
the green and conventional bonds, findings presented by Baker et al. (2018)
are likely to suffer from omitted variable bias and model misspecification. To
overcome the methodological design misspecification and resolve the contra-
dictory results reported by Karpf & Mandel (2018) and Baker et al. (2018),
Larcker & Watts (2020) use a model-free approach and match 640 green bonds
with nearly identical non-green counterparts. Larcker & Watts (2020) report
a slight green discount, which is, however, insignificant, and for approximately
85% of matched pairs, the offering yield differential is exactly zero.

Despite the criticism, the model presented by Baker et al. (2018) has been
widely employed in subsequent literature on green bonds. For example, Kapraun
& Scheins (2019) also use a fixed effects regression analysis based on Baker et al.
(2018) to study an extensive sample of 1,531 green and 216,793 conventional
bonds with issuance dates before 2017 retrieved from CBI list, Bloomberg and
Thomson Reuters. Results obtained reveal significant evidence of yield at is-
suance 17–36 bps lower for green bonds in comparison to conventional bonds.
Similarly, Fatica et al. (2019) follow the Capital Asset Pricing Model with pro-
environmental preferences developed by Baker et al. (2018) to investigate the
effects of the green label on issuance yields. Their analysis covers 1,397 green
bonds issued globally between January 2007 and December 2018 and evidences
a significant average green premium of approximately 18 bps.

Gianfrate & Peri (2019) also contribute to the green bond pricing literature
by investigating the pricing of European green bonds at issuance with the
use of a propensity score matching technique. The authors first estimate the
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probability of a bond being green and then examine the effect of the green
label on the bond’s return. Depending on the matching method used1, the
green label in the primary market is estimated to offer the issuer a pricing
advantage of approximately 15–20 bps.

3.2 Green bond pricing in the secondary market
Research most related to this thesis is one published by Zerbib (2019) who uses
a global sample of investment-grade senior bullet fixed-rate bonds issued be-
fore December 2017 to study the yield differential between green and otherwise
similar conventional bonds in the secondary market. To identify if investors’
pro-environmental preferences materialize into the existence of the green pre-
mium, Zerbib (2019) employs a model-free approach. By creating 110 triplets
of matched green and conventional bonds that share the same characteristics
but the greenness, he manages to effectively capture the difference in the bonds’
yields. Furthermore, since the model of Zerbib (2019) specifically controls for
liquidity, the presence of bias caused by bonds’ different maturities is limited.
A small yet significant green premium of 2 bps in the full sample is documented.
Although the matching method has been criticized for small explanatory power
(Nanayakkara & Colombage, 2019) and a significant reduction of the data sam-
ple (Kapraun & Scheins, 2019), the established research framework sets grounds
for many subsequent studies.

One such is the analysis produced by Hachenberg & Schiereck (2018) who
also employ a matching method to test if green bonds’ spreads over the risk-
free rate are tighter than the spreads of their conventional counterparts. In the
sample of 63 matched pairs of bonds issued between October 2015 and March
2016, Hachenberg & Schiereck (2018) do not find any significant evidence that
green bonds are priced differently than ordinary bonds. Likewise, Hyun et al.
(2020) follow the methodology of Zerbib (2019) and do not reveal any evidence
of a green premium on a sample of 60 investment-grade green bonds issued
between 2010 and 2017.

Bachelet et al. (2019) employ a one-to-one matching approach on green
bonds that have been self-labeled by issuers or listed on CBI’s website. Surpris-
ingly, their findings based on the final dataset comprising of 89 green bonds
suggest a green discount of 2.1 to 5.9 bps, depending on the model utilized

1In their study, Gianfrate & Peri (2019) apply the nearest neighbors matching, kernel
matching, and radius matching.
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(Ordinary Least Squares (OLS) and fixed effects, respectively), together with
higher liquidity and lower volatility of green bonds. Furthermore, Kapraun
& Scheins (2019) also create bond pairs instead of triplets, and to overcome
the issue of sample size reduction, the authors compare each green bond with
1 to 10 conventional bonds that share the same issuer, rating, seniority, cur-
rency, and bond type. Such an approach results in a sample of 4,617 bond
pairs. With the use of mid-quotes differential between green bonds and their
matched conventional counterparts, Kapraun & Scheins (2019) show that green
bonds generally trade at yields of 43 bps higher than conventional bonds.

Nanayakkara & Colombage (2019) and Preclaw & Bakshi (2015) base their
studies of the pricing differential between green and conventional bonds in the
secondary markets on the option-adjusted spread. Through an OLS regression of
seven cross-sectional samples obtained between March 2014 and August 2015,
Preclaw & Bakshi (2015) report a green premium of 17 bps. Their model
serves as the ground for Nanayakkara & Colombage (2019), who employ a
mix of random and fixed effects methods for the estimation. Nanayakkara
& Colombage (2019) claim that the hybrid approach allows them to compare
credit spreads of green and ordinary bonds with different maturities and cash
flows, and simultaneously control for the bond specific, macroeconomic, and
global factors that influence the spread. By analyzing 82 corporate green bonds
issued in a period between 2017 and 2018, their study reveals a green premium
of 63 bps in the global capital market.

Gianfrate & Peri (2019) examine the i-spreads of green bonds obtained at
three different dates during 2017 and 2018 and find that green bonds trade at
lower yields of approximately 5 to 13.9 bps in comparison to their conventional
peers.

3.3 Determinants of green bond prices
Several attempts have been made to indicate the drivers of the magnitude of
the green premium. This section summarizes the determining factors that have
been investigated in previous research: the issuer’s sector, bond rating, and the
credibility of the bond’s greenness.
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3.3.1 Issuer’s sector

Kapraun & Scheins (2019) and Bachelet et al. (2019) conclude that the pricing
advantage of issuing green bonds increases together with the reputation of the
issuer. Kapraun & Scheins (2019) claim that the green premium at issuance
further grows with higher reliability of the issuer, such as government or supra-
national entity. Similarly, to explain the green discount found in their research
of green bond pricing in the secondary markets, Bachelet et al. (2019) inves-
tigate the institutional and private characteristics of the issuer. Their results
indicate that bonds issued by institutional investors enjoy a green premium
advantage in the secondary market. Fatica et al. (2019) find a premium for
green bonds issued by supranational institutions and non-financial corporates,
while they do not report any pricing effect for financial corporates. Fatica et al.
(2019) provide a possible explanation of this phenomenon by pointing out that
financial institutions struggle to signal their environmental impacts as they
often engage in green lending instead of investing in climate projects directly.

On the contrary, Zerbib (2019) reports that the magnitude of the green
premium is larger for financial issuers. Likewise, Hachenberg & Schiereck (2018)
find that green bond issuers from the financial sector have borrowed at lower
costs, on average, than they would have through the issuance of ordinary bonds.
This is in line with Gianfrate & Peri (2019) who claim that the issuance of green
bonds seems to be even more convenient for corporate issuers who, according
to the authors, enjoy better pricing conditions in comparison to non-corporate
issuers by 5 bps on average.

3.3.2 Bond rating

Zerbib (2019) finds that the green premium is larger in magnitude for lower
credit ratings. According to the reported results, the estimated green premium
increases by 2.43 bps for A and AA-rated bonds in comparison to AAA rat-
ing. In a similar manner, Hachenberg & Schiereck (2018) do not find a green
premium in the analysis of the whole sample but indicate a pricing differential
in a subset of A-rated bonds where green-labeled bonds trade 3.88 bps tighter
than conventional.

3.3.3 Credibility of greenness

Fatica et al. (2019) examine the impacts of the existence of a green bond’s
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external review in the primary market. The pricing differential between green
and conventional bonds is the most sizeable for a subsample of non-financial
corporate bonds where certified green bonds are issued at a premium of 70 bps

compared to self-labeled green bonds (17 bps). Flammer (2020) focuses on the
primary market with corporate green bonds and documents that third-party
certification results in positive announcement returns which are twice as large as
announcement returns in case of non-certified green bond issuance. Similarly,
Hyun et al. (2020) show that the green premium in the secondary market
increases when the information asymmetry between investors and issuers is
reduced—an independent review and CBI certification lower the yield on green
bonds by 6.7 bps and 8.7 bps, respectively. Also, the research conducted by
Bachelet et al. (2019) shows that certified bonds in the secondary market enjoy
a premium advantage to conventional counterparts. Based on their results,
corporate green bonds that are aligned with CBI standards or certified by CBI

are rewarded with higher premia.
On the contrary, Larcker & Watts (2020) conclude that the CBI Climate

Certification does not appear to have an economically significant association
with yield differentials between green and ordinary bonds.

Kapraun & Scheins (2019) also find evidence of green credibility effects
and show that green bonds listed on green exchanges trade at on average 20
bps lower yields in comparison to their matched conventional counterparts. The
authors raise the point that exchanges play an important role in further growth
of the green bond market as they help to increase green bonds’ transparency
and visibility.

Lastly, Fatica et al. (2019) analyze the effects of repeated issuance and con-
firm their hypothesis that returning issuers enjoy a larger green premium than
first-timers.

The careful examination of the contemporaneous literature reveals that the
evidence on the existence of a premium paid by investors in the green bond
market is mixed. We aim to revisit this topic with the use of the most up-
to-date global data on green bonds. Next, we extend the existing research
by investigating what investors’ motivations explain the discrepancies in prices
paid for green and conventional bonds. Furthermore, because only limited
attention has been paid to what factors affect the size of the green premium, we
fill in the gap of previous research by an in-depth exploration of the variation of
the green premium with several financial and non-financial bond characteristics.



Chapter 4

Hypotheses Development

In this section, we present testable hypotheses whose development was guided
by a thorough review of the green bond market including the current issues
faced by the market participants, as well as by investigating the existing liter-
ature in this research field.

4.1 Green premium
As the first step in our analysis, we aim to untangle the effect of green label
on a bond’s price. From a theoretical perspective, green bonds should trade
on par with conventional bonds if these bonds are issued by the same issuer,
match in terms of financial characteristics, and are subject to identical market
conditions (Bachelet et al., 2019). Because green bonds are fully recourse to
the issuer’s entire balance sheet, their creditworthiness is not dependent on
the performance of underlying green projects but on the overall issuer’s ability
to meet his obligations. To this end, investors should perceive green bonds
as direct substitutes to conventional bonds from the same issuer. However,
disparities in pricing have been found by previous research (see Chapter 3) and
are also supported by claims made by the investing community (e.g., Maltais
& Nykvist, 2020). We aim to review the preliminary attempts to identify
and quantify the green bond premium. We examine green bonds from the
investors’ perspective and test our first hypothesis under which there should
be no difference in the ask yields of green and conventional bonds with the
same characteristics:

Hypothesis 1. There does not exist a premium on green bonds in comparison to
otherwise equivalent conventional bonds in the secondary market.
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4.2 Exposure to environmental risk
To broaden the current knowledge of the investors’ motivation to engage in
the green bond market, we aim to investigate whether the green premium can
be driven by demand from investors with pecuniary motives, apart from high
interest from environmentally conscious investors.

The performance and risk profile of an investment portfolio hinges upon
the value of underlying assets which are increasingly more often affected by
climate-related financial risks (see Section 2.2 for details). However, it has
been claimed that the current standard risk metrics often do not reflect such
climate-related risks (Zimmermann et al., 2019), and credit ratings thus fail
to capture the full risk underlying an investment (Asian Development Bank,
2018). Green bonds might offer investors an inexpensive method on how to
reduce their exposure to environmental risk if they believe such investments
are less exposed to climate change-related events. In this regard, a premium
on green bonds can arise as a consequence of the reduction of risk not captured
by traditional bond pricing models. This concept is supported by a recent study
of Maltais & Nykvist (2020) who reveal that interviewed green bond investors
suggest that green bonds should offer risk reduction advantages in comparison
to conventional bonds. We can thus build our hypothesis based on the following
considerations. If green bonds are purchased in pursuance of risk management,
investors should be willing to pay higher prices for green bonds that serve
as a more efficient safeguard against climate-related financial risk. Thus, we
expect the green premium to be higher for green bonds from issuers with higher
environmental ratings, and issuers whose sectors and regions of operations are
less exposed to environmental risk. Accordingly, we will statistically examine
whether there exists enough evidence to reject the following hypotheses:

Hypothesis 2. The issuer’s environmental rating does not affect the magnitude
of the green bond premium.

Hypothesis 3. The issuer’s sector exposure to environmental risk does not affect
the magnitude of the green bond premium.

Hypothesis 4. The exposure of the issuer’s operations to natural disasters does
not affect the magnitude of the green bond premium.
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4.3 Credibility of greenness
Several studies inspected whether the green premium is affected by information
asymmetry caused by the investors’ inability to objectively assess the environ-
mental benefits of the underlying green projects (e.g., Bachelet et al., 2019;
Ehlers & Packer, 2017; Flammer, 2020). The crux of this matter lies in the
lack of publicly regulated oversight of the green bond market, as described in
detail in Section 2.4. The absence of an enforcement mechanism that would
make green bond issuers legally bound to use proceeds from the bond issuance
to fund environmental projects opens the door for skepticism about the cred-
ibility of the green label (Flammer, 2020). In consequence, investors in green
bonds might perceive additional risk stemming from the uncertainty whether
the issuer will deliver on his promises. To reduce the information asymmetry,
investors might be willing to pay a premium for green bonds that are accom-
panied by one of the several options of non-financial disclosures presented in
Section 2.4. Several studies show evidence that external verification or certi-
fication is essential to reduce the suspicion of greenwashing and that certified
green bonds enjoy greater investor confidence (e.g., Bachelet et al., 2019; Fatica
et al., 2019; Flammer, 2020; Hyun et al., 2020). In contrast to the evidence
provided by academic research, Schneeweiß (2019) notes that the current pri-
vate governance model of certification and external verification can be met
with distrust among investors. Concerns about potential conflicts of interest
arise because organizations and firms providing opinions and verifications on
green bonds are hired and paid by the green bond issuers (Asian Development
Bank, 2018). Furthermore, several rating agencies focusing on sustainability
have emerged, and investors purchase access to sustainability ratings of bond
issuers directly from such providers (Schneeweiß, 2019). In this view, investors
might not be willing to pay a premium in exchange for an external verifica-
tion or certification as they employ their methods to confirm the bond’s green
credibility.

The unequal evidence presented above established the grounds for the fol-
lowing hypothesis:

Hypothesis 5. A green bond certification and external verification do not affect
the magnitude of the green bond premium.

Furthermore, we aim to investigate if investors value the level of credibility
of post-issuance reporting. We noticed during our research that the quality
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and content of post-issuance reports vary largely across green bond issues. In
some cases, the allocation reports are audited and include an exhaustive list
of financed green projects and allocated amounts. On the contrary, sometimes
only examples of projects or general environmental project types are listed. In
rare cases, no post-issuance reporting is available. To this end, the assurance
on the post-issuance reports lowers the misallocation and greenwashing risk
faced by investors. We expect higher green bond premium, in absolute terms, if
green bond’s reports on the use of proceeds and environmental impact obtained
assurance from an external company. Therefore, we test if there is enough
evidence to reject the following hypotheses:

Hypothesis 6. A post-issuance assurance on the use of proceeds report does not
affect the magnitude of the green bond premium.

Hypothesis 7. A post-issuance assurance on the environmental impact report
does not affect the magnitude of the green bond premium.

Our last assumption in this section addresses the possibility that new en-
trants in the green bond market are less trustworthy than already established
issuers, as suggested by Fatica et al. (2019). It can be the case that companies
that have just entered the market are not perceived as credible as issuers with
a longer history of green bond issuance. We thus state our hypothesis:

Hypothesis 8. The green premium does not vary for first-time and repeated green
bond issuers.

4.4 Additionality: financing vs. refinancing projects
The ongoing debates on whether green bonds create any additional climate
finance flows were discussed in Section 2.5. The investigation of the additional
environmental contributions of green bonds is a complex issue and it is not
in the scope of this thesis to examine the topic of additionality in such depth.
However, as part of the data collection process, we were able to categorize green
bonds in our sample into 3 groups: bonds used to finance new projects, bonds
used to refinance already running projects, and bonds used for funding a mix of
new and existing projects. Thus, we will limit the question of additionality to
a question of whether investors value differently green bonds used for financing
and bonds used for refinancing purposes.

To this end, Michaelson (2018) states that market participants view project
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refinancing with green bonds as a way of raising awareness and creating a mo-
mentum for more green projects. Likewise, research conducted by Maltais &
Nykvist (2020) finds out through interviews with green bond investors that
green bonds are perceived as catalysts for climate actions and increased sus-
tainability demands in capital markets. If this is the case and investors approve
the issuance of green bonds also for refinancing existing projects, the yields on
green bonds should not vary with the intended use of proceeds. On the other
hand, some issuers of green bonds claim that their investors are expressing
concerns about additionality and the creation of new projects. For instance,
NRW.Bank, a German promotional bank and an established issuer of green
bonds, reported that additionality is the most commonly discussed issue with
its green bond investors since many of them show an unwillingness to invest
into projects that have been undertaken before the green bond’s placement
(Richter & Pereira, 2019).

Based on the contradictory evidence from market practitioners, it is rel-
evant to ask whether financing and refinancing purposes are perceived as an
important factor when investing in green bonds. We formulate our hypothesis
as follows:

Hypothesis 9. There is no difference in the magnitude of the green bond pre-
mium among green bonds financing new projects and green bonds refinancing
existing projects.



Chapter 5

Data and Sample Construction

This chapter first describes the complete set of green bonds obtained from
available data sources. Next, we present a matching method that is used to
arrive at the final matched green bond dataset used for empirical analysis.
Lastly, we provide descriptive statistics of the final matched green bond sample
and compare them with characteristics of a wider universe of straight, senior,
investment-grade green bonds with plain vanilla fixed coupon.

5.1 Overview of full green bond sample
For this study, data were retrieved from Thomson Reuters Eikon database on
October 27, 2019, as government and corporate bonds classified as “green”. As
of that date, the database contained 1,981 green-labeled bonds. To account for
irrelevant and incomplete observations, we start with data cleaning and drop
out 27 bonds issued before 2007, as 2007 was the year of the first official green
bond issuance. Furthermore, we disregard 4 bonds due to the issuance amount
equaling 0. The resulting dataset, hereafter referred to as “full sample” or “full
dataset”, constitutes of 1,949 green bonds issued during the sample period,
with an overall cumulative issuance of approximately US$579 billion.

We find that green bonds offered to the market between 2007 and 2009
comprise of supranational issues by the European Investment Bank and IBRD.
In 2010, agency issuers, including mostly financial and utility corporates whose
ultimate parents are national governments, entered the market. In the following
years, also corporate and government issuers joined the market. Figure 5.1
shows the evolution of the annual green bond issuance since 2010 based on our
data, split by the issuer type. It can be seen that the growth of the market has
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been tremendous, with corporate issuers being its important drivers since the
first corporate green bond was issued in 2013.

Figure 5.1: Green bond issuance amount over time

Table 5.1 shows descriptive statistics for the full sample of green bonds,
where data are available. The average green bond has a coupon of 2.94% and
7.78 years until maturity. Although the average amount issued is US$297.20
million, it varies widely depending on the issuer type. While corporations and
supranationals tend to issue bonds with lower average issuance size (US$210.16
and US$259.84 million, respectively), the average size of a green bond issued
by an agency is US$517.36 million. Furthermore, government bonds have the
biggest average issuance size of US$618.80 million. It is also interesting to
observe how the average size of a green bond evolved over time—it has increased
from US$108.16 million in 2012 to US$352.08 million in 2019.

Table 5.2 shows the top 5 issuers in the full sample measured by the total
issuance amount. In 2007, the European Investment Bank was the first to issue
a green-labeled bond and as of October 27, 2019, it had remained its position
of the market frontrunner with up-to-date green bond issuance of US$33.58
billion, making it the biggest issuer among all green bonds included in the full
dataset. According to our data, the European Investment Bank has provided
the market with issuances across 13 currencies and finance raised was invested
mainly in renewable energy and energy efficiency projects. The IBRD has been
the most active green bond issuer in our full sample, with 138 bonds issued
across the sample period.

Although the full sample constitutes of bonds issued across 46 different
markets, 7 countries have been the major issuers of green bonds. Altogether,
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Table 5.1: Descriptive statistics of green bonds in full sample

This table shows several characteristics of green bonds included in the full sample.
Coupon (%) is the annual coupon rate, Time to Maturity (years) is the difference
between the issue and maturity date, Amount issued (US$ million) is the green
bond’s issue amount converted into millions USD, and Issue price (US$) is the
green bond’s price at issuance.

Min 1st Quartile Median Mean 3rd Quartile Max SD N
Coupon (%) −0.43 0.89 2.39 2.94 4.63 15.50 2.43 1934
Time to Maturity (years) 1.00 4.00 5.00 7.78 10.00 1,000.00 23.49 1933
Amount issued (US$ million) 0.01 21.30 91.50 297.20 450 23,009.47 708.77 1949
Issue price (US$) 35.60 99.82 100.00 99.65 100.00 137.50 3.62 1713

Table 5.2: Top 5 green bond issuers in full sample

Amount issued
(US$ billion)

Number of
bonds issued Issuer sector

European Investment Bank 33.58 51 Supranational
KfW 25.04 24 Agency
Rebublic of France 23.01 1 Sovereign
International Bank for Reconstruction and Development 13.35 138 Supranational
Industrial Bank Co Ltd 11.46 3 Banking

the United States, China, France, Germany, Sweden, Canada, and Australia
account for 47% (US$264.56 billion) of the global issuance over the sample
period. The U.S. issuers contributed US$103.22 billion to the total, Chinese
issuance reached US$59.43 billion and French issuance added up to US$52.72
billion. When taking into account the number of green bonds issued, the U.S.
and Chinese green bond markets again place within the top 3, with 349 and 153
green bonds issued, respectively. Interestingly, given the country’s relative size,
195 green bonds with US$12.16 billion in value had been issued in Sweden. Such
numbers place Sweden as the second biggest market in terms of the number of
bonds issued, and as the fifth biggest in terms of cumulative issuance amount.
Our data are therefore consistent with the fact that Sweden has played an
important role in promoting climate finance, and since the outset of the green
bond market, it has led by example with both the number of entering and
returning issuers.

The full sample includes green bonds issued in 35 different currencies. Fig-
ure 5.2 shows the issuance amount of green bonds in the full sample broken
down by currency of denomination and expressed as a percentage of the total
full sample issuance amount. Figure 5.3 depicts the proportionate number of
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green bonds in the full sample broken down by currency. A closer look at the
2 most widespread currencies reveals that although Euro leads in terms of the
total amount issued (US$251.99 billion), only 315 green bonds had been is-
sued in Euros in comparison to 515 USD-denominated bonds which sum up to
US$165.21 billion. Therefore, based on our data, we evidence that an average
EUR-denominated green bond has an issuance size of more than double the
issuance size of a USD-denominated green bond.

Figure 5.2: Full sample issuance amounts by currency

Figure 5.3: Number of green bonds in full sample by currency

For 1,708 green bonds in the full sample, the use of proceeds is defined. Out
of these, 629 bonds funded “eligible green projects”, meaning the bond proceeds
were used to finance environmental projects across multiple categories. Taking
into account the remaining 1,079 green bonds, the majority has funded clean
transport, energy efficiency, alternative energy, and green construction projects.
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5.2 Matching method and final sample construc-
tion

The first choice to test our main research question of whether there exists a
green premium in the secondary market would be with the use of a randomized
experiment which ensures that the estimates of the treatment effect (i.e. a
bond being labeled as green) are highly reliable and valid. When translated
into our case, the ideal setting would be to offer for sale green and conventional
bonds with identical characteristics and observe the difference in prices paid
by market participants. However, when only observational data are available,
it is desirable to replicate the randomized experiment with a carefully designed
nonexperimental study (Stuart, 2010). As discussed by Bachelet et al. (2019),
the best available methodology to do so in a study of the green bond pricing is
to use econometric analysis to “compare bonds that are as similar as possible
to each other, except for the greenness”. Zerbib (2019) is of the same opinion
since an alternative approach, a regression on suitable specification, requires
identification of all issuer-specific and macroeconomic factors explaining the
bond’s yield. Thus, employing a structural model carries a high risk that
the inability to identify all independent variables correctly results in omitted
variable bias and model misspecification. Based on these considerations and in
line with the methodology widely used in the current research on green bond
pricing, we match green bonds with similar conventional bonds issued by the
same issuer and observe the spread in their yields.

As a first step of the matching technique, treated and control groups need
to be identified to evaluate the effect of the treatment. In our case, green
bonds constitute the treatment group, conventional bonds the control group,
and green label presents the treatment effect. Subsequently, each treated indi-
vidual is matched with a control individual. For a control individual to be a
good match to the treated, two important aspects need to be considered: which
covariates to include in the matching process and the level of similarity required
between the individuals among these covariates (Stuart, 2010). According to
Stuart (2010), to arrive at an efficient causal inference and to be able to pre-
cisely estimate the unobserved potential outcomes, it is desired that the treated
and control individuals share as many characteristics as possible. Thus, we aim
to match each green bond with a similar conventional bond, where ideally, their
characteristics are identical except for the green label. However, the approach
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of exactly matching bond characteristics brings several disadvantages. One of
the most apparent is that it largely decreases the number of matched cases.
Subsequently, such a significant reduction of the sample size can result in an
even larger bias than would have occurred if allowing for a less exact match but
greater sample size (Rosenbaum & Rubin, 1985). Therefore, following Stuart
(2010), when considering which covariates to include in the matching, we give
priority to variables that are believed to be related to the outcome, the bond’s
yield. Also, not all variables are required to be an exact match and certain
bonds’ characteristics are allowed to vary. Another factor to take into account
is whether to allow the controls to be matched with more than one treated
individual. Because of the complexity and availability of data on green bonds,
matching without a replacement could result in significantly less matched cases
and again increase the estimation bias (Stuart, 2010). This study, therefore,
applies matching with replacement1.

To set up the matched dataset of green bonds, we begin with the full sample
consisting of 1,949 green bonds presented in Section 5.1. Next, we filter our
data and consider only straight, senior, investment-grade bonds with plain
vanilla fixed coupon. Such a procedure leaves us with a sample of 447 green-
labeled bonds, referred to as the “initial sample” or the “initial dataset” in
the following text. For each green bond in our initial sample, we screen all
conventional bonds issued by the same issuer with the aim to find conventional
counterparts with identical or similar characteristics. Table 5.3 shows detailed
criteria that were applied as part of the matching process. Although it would
be desirable that the issue and maturity date of each green bond coincides with
these of the matched conventional bonds, such cases are extremely rare in the
sample and therefore, we need to relax the exact match requirement. Following
the approach of Zerbib (2019), the maturity date of a matched conventional
bond is limited to lie within 2 years time span from that of the green bond. We
increase the bounds to up to 4 years difference in case of the issue date. The
issue amounts of matched conventional bonds are limited so they are neither 4
times lower nor 4 times higher than the issue amounts of green bonds. Lastly,
the difference in the tenor of a green and matched conventional bond must not
exceed 2 years.

As a next step of the matching procedure, from the pool of eligible conven-
1Because the number of cases when we match a conventional bond with several different

green bonds is low, applying matching with replacement does not lead to an estimate of the
treatment effect based on a limited number of controls (i.e. conventional bonds).
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Table 5.3: Matching criteria

This table shows the matching criteria that a conventional bond (CB) must fulfill
in order to be considered as a comparable couterpart of a green bond (GB).

Bond characteristics Matching criteria

Issuer Exact match
Issuer type Exact match
Instrument type Exact match
Maturity ± 2 years
Issue date ± 4 years
Issue amount (IA) 1

4 ·IAGB ≤ IACB ≤ 4·IAGB

Coupon type Exact match
Coupon currency Exact match
Coupon frequency Exact match
Bond rating Exact match
Bond grade Exact match
Seniority Exact match
Tenor ± 2 years
Executable Exact match
Callable Exact match
Puttable Exact match
Extendible Exact match
Has sinking fund Exact match
Partly paid Exact match
Paid in kind Exact match
Perpetual Exact match

tional bonds that meet the matching criteria for a particular green bond, we
need to decide which to use as control units for further analysis. Here, various
approaches have been applied in previous research. One possibility is a one-
to-one matching, employed by, for instance, Hyun et al. (2020) and Larcker &
Watts (2020). Optionally, to take advantage of the fact that more control units
satisfy the matching criteria, a synthetic control method can be utilized. Such
a technique involves using a combination of several conventional bonds in order
to create a synthetic counterpart of a green bond that is a closer match than
the individual conventional observations. The advantage of this method lies
also in that it allows to control for characteristics that have not been matched
perfectly during the matching process. For example, Hachenberg & Schiereck
(2018) use matching criteria similar to ours to create a set of eligible conven-
tional bonds, and subsequently match each green bond with two conventional
bonds, one with shorter maturity and one with longer maturity. However, the
limited amount of observations on green bonds leads to a small sample size of
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only 63 matched pairs. We also choose to apply the synthetic control method
but to sustain a reasonable sample size, we follow method applied by Zerbib
(2019), and match each green bond with two conventional counterparts which
satisfy our matching criteria and whose maturity dates are the closest to that
of a green bond, irrespective if the maturity dates are shorter or longer than
the green bond’s maturity. A green bond for which none or only one corre-
sponding conventional bond is found is dropped out of the sample. Such a
procedure results in a dataset of 114 bond triplets comprising of 1 green bond
and 2 matched conventional bonds. Next, for each of the 342 bonds, daily
data on yields and prices for a period spanning from the bonds’ issuances up
to January 30, 2020, are retrieved from Thomson Reuters Eikon. Additionally,
10 green bonds were excluded from the sample due to insufficient length of
daily pricing data2, and 10 green bonds were dropped out due to missing infor-
mation on ask yields. Table 5.4 summarizes the steps undertaken to arrive at
the matched green bond sample, hereafter addressed as the “final sample” or
the “final dataset”, consisting of 94 matched triplets of green and conventional
bonds.

Table 5.4: Final sample construction

This table outlines the procedure that led to the formation of the final sample
of matched triplets consisting of 1 green bond (GB) and 2 conventional bonds
(CB).

Number of bonds

Full Thomson Reuters Eikon GBs’ dataset 1,949
Include GBs with plain vanilla fixed coupon only 1,546
Include senior GBs only 1,295
Include investment-grade GBs only 596
Include straight GBs only 447
GBs with 2 comparable CBs 114
GBs with sufficient time-series length and ask yield data available 94

2Due to the limited availability of the data on green bonds, we carefully consider the
trade-off between the number of bond triplets maintained in the matched sample and the
length of the time series for each of the pairs. To sustain a reasonable number of bond
triplets, we allow for the time series to be as short as 87 days.
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The following adjustment of our dataset is as suggested by Zerbib (2019)
and involves the use of linear interpolation and extrapolation to align ask yields
of 2 matched conventional bonds with the ask yield of their green counterpart
in a way that the synthetic and green bonds’ maturities coincide. This ap-
proach allows us to further reduce disparities among the control and treated
units by removing the difference in their maturities. To formally outline the
procedure, let MGB

i,t , MCB1
i,t and MCB2

i,t be the remaining days until maturity
of a green bond i, a matched conventional bond with shorter maturity, and
a matched conventional bond with longer maturity, respectively, on a day t.
Similarly, let yGB

i,t , yCB1
i,t , yCB2

i,t be the ask yields of a green bond i and matched
conventional bonds on a day t. Next, for each bond triplet i and time t, we find
a linear function passing through points (MCB1

i,t , yCB1
i,t ) and (MCB2

i,t , yCB2
i,t ) which

has a slope b and an intercept a. Subsequently, the ask yield of a synthetic
conventional bond i on a day t is defined as presented in Equation 5.1.

ySB
i,t = a + b · MGB

i,t (5.1)

As the final step in establishing our database, for each bond pair i and each
point in time t, we compute the difference in the ask yields of a green bond
(yGB

i,t ) and a respective synthetic bond (ySB
i,t ), as shown in Equation 5.2.

∆yi,t = yGB
i,t − ySB

i,t (5.2)

In case the maturities of green and conventional bonds vary significantly,
the performance of the interpolation or extrapolation can become poor. To
minimize the influence of artificially high or low synthetic ask yield resulting in
unrealistic values of the difference in ask yields between green and conventional
bonds, we apply a data truncation and for each bond pair i, we trim the ∆yi,t

at its 2.5% and 97.5% percentile3.
Our final dataset comprises of an unbalanced panel with 42,617 bond-day

observations. The earliest observation of the difference in ask yield of a green
and synthetic bond, ∆yi,t, comes from January 29, 2014, and the newest in-
formation dates January 30, 2020, for the majority of the bond couples. The
originality of our dataset with respect to previous studies is thus two-fold.
Firstly, our final data on green bond prices span over 6 years, a sample period

3Data trimming is a standard approach to how outliers or extreme values can be remedied
prior to data analysis, and it has been argued by researchers publishing in top finance journals
that it is an effective method of doing so (Adams et al., 2019).
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more extensive in comparison to comparable studies4. Secondly, the advantage
of our dataset lies in that it includes green bond issues from 2018 and 2019,
and the pricing of all included green bonds up to January 2020. Given that the
green bond market has substantially grown and became more mature in recent
years, it is essential to include contemporary data and assess the evolution of
the green bond premium. Because 80% of bond-day observations in our sample
come from a period starting from January 2018, we can contrast our findings
of the existence of the green premium with results of comparable studies from
earlier periods.

We examine the length of the time series per each panel in our final sample.
Table 5.5 provides an overview of the descriptive statistics of the panel length,
measured in days. In comparison to a study of Zerbib (2019) which is one of
the closest comparable studies in terms of approach, our average panel length
is more than 100 days longer.

Table 5.5: Descriptive statistics of time series length

This table summarizes the descriptive statistics of the number (No.) of daily
observations on ask yields for bonds in the final sample.

Min p25% p50% Mean p75% Max SD N

No. of daily observations 81 214 402 445 602 1,415 265 94

5.3 Descriptive statistics of bonds in final sample
Panels A and B of Table 5.6 show the descriptive statistics of green and con-
ventional bonds that represent our final sample. The average green bond has a
coupon of 1.59%, 6.62 years to maturity, an issuance amount of US$584.44 mil-
lion, and is issued at a discount. An average conventional bond has a coupon
of 1.66%, 6.54 years to maturity, an issuance amount of US$921.58 million,
and is also issued at a discount. Further comparison of the lower and upper
quartiles of time to maturity and issue price indicates that the two samples
are almost identical across these variables. Although we can observe a slight
difference in the sample medians and quartiles of the coupon rate, it is of a

4Among all considered comparable studies, Bachelet et al. (2019) and Gianfrate & Peri
(2019) employ datasets on green bonds spanning over the longest periods, which is 5 years
in both cases.
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small economic significance. The main characteristic in which the two sam-
ples differ is the issuance amount. As shown, green bonds in our final sample
are of smaller issuance size on average, when compared to their conventional
counterparts. The middle 50% of green bonds are issued at an amount be-
tween US$500 million to US$750 million, whereas the interquartile range for
the sample of conventional bonds is much wider and spans from US$475 to
US$1,107 million. This finding is not surprising given that historically, the
issuance size of green bonds has been smaller than that of conventional bonds.
Moreover, other research works employing the matching method in a study of
green bond pricing also reported discrepancies in issuance sizes between green
and conventional bonds (e.g., Hachenberg & Schiereck, 2018; Larcker & Watts,
2020; Zerbib, 2019). To assess the quality of the matching procedure from a
statistical perspective, we perform a Wilcoxon rank sum test5 to compare the
sample means of several characteristics of the green and conventional bonds in
the final sample. The results presented in Table 5.7 reveal that the average
values of the coupon, time to maturity, and issue price among the two samples
do not statistically differ. As expected, we reject the null hypothesis of equal
average issue amount at 1% significance level. Because the issuance size has
a considerable effect on a bond’s liquidity, we will apply an empirical frame-
work that accounts for the difference in liquidity which has not been controlled
during the matching process.

Table 5.6 further shows the distribution of ask yields for the matched green
bonds and their conventional counterparts. The average ask yield of green
bonds is 0.7 bps lower compared to synthetic bonds, however, based on the
Wilcoxon rank sum test results, the average ask yields across the samples do
not differ statistically.

To obtain a better understanding of how the ask yield varies depending on bond
characteristics, we create subsamples of green bonds based on their principal
currency. Next, within each currency subsample, we split bonds by their rating
and issuer’s sector. Table A.1 shows the average ask yields across subsamples,
together with information about the number of green bonds and bond-day
observations in each group. We observe a substantial variation in the average
ask yield across the green bonds included in our final sample. For instance, an

5We use a Wilcoxon rank sum test as a nonparametric alternative to two-sample t-test
because Shapiro-Wilk normality test for our variables indicates that the distribution of our
data is statistically different from a normal distribution.
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Table 5.6: Descriptive statistics of green and conventional bonds in
intial and final sample

This table shows the descriptive characteristics of the matched conventional bonds
and of green bonds in the initial and final sample. The distributions of coupon
rates, times to maturity, issue amounts (US$ billion), and issue prices are re-
ported, with N being the number of bonds in a respective sample. Similarly,
the distributions of daily ask yields of green, conventional (CB) and synthetic
(SB) bonds are shown, with N being the total number of daily observations in a
respective sample.

Panel A: Descriptive statistics of matched green bonds

Min p25% Mean p50% p75% Max SD N

Coupon (%) 0.00 0.66 1.59 1.38 2.34 6.00 1.12 94
Time to maturity (years) 2.00 5.00 6.62 5.00 7.75 30.00 4.12 94
Amount issued (US$ B) 0.01 0.50 0.58 0.55 0.75 2.10 0.36 94
Issue price (US$) 98.70 99.48 99.70 99.79 99.95 101.90 0.40 94
Ask yield (%) −1.03 0.23 1.38 1.00 2.47 7.95 1.38 42,617

Panel B: Descriptive statistics of matched conventional bonds

Min p25% Mean p50% p75% Max SD N

Coupon (%) 0.00 0.71 1.66 1.50 2.50 6.45 1.17 188
Time to maturity (years) 2.00 5.00 6.54 5.00 8.00 31.00 4.31 188
Amount issued (US$ B) 0.01 0.48 0.92 0.83 1.11 5.48 0.81 188
Issue price (US$) 96.74 99.50 99.70 99.75 99.96 101.99 0.44 188
Ask yield of CBs (%) −1.07 0.14 1.32 0.89 2.43 7.97 1.41 85,234
Ask yield of SBs (%) −1.23 0.23 1.39 1.00 2.45 8.00 1.39 42,617

Panel C: Descriptive statistics of initial sample of 447 green bonds

Min p25% Mean p50% p75% Max SD N

Coupon (%) 0.00 0.61 1.75 1.43 2.50 11.71 1.56 447
Time to maturity (years) 1.00 5.00 8.03 6.00 10.00 100.00 6.98 447
Amount issued (US$ B) 0.00 0.18 0.59 0.50 0.66 23.01 1.16 447
Issue price (US$) 69.50 99.53 99.69 99.81 100.00 108.08 1.57 447
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average EUR-denominated AAA-rated green bond issued by supranationals
has an ask yield of 0.40%, whereas the same type of bond denominated in US
Dollars averages an ask yield of 2.38%. Even more contrasting is an average
ask yield of 6.56% for this type of green bond issued in Indian Rupees. We
calculate average ask yields for the same subsamples of synthetic bonds, and
examine the average ask yield differential between green bonds and respective
synthetic counterparts depending on the bond currency and rating, and issuer’s
sector. Table A.2 reveals notable dissimilarities in the yield differentials across
the groups. Although we do not find any apparent patterns in the yield dif-
ferentials among the subsamples, we observe more pronounced negative yield
differential on lower-rated EUR-denominated bonds, and on bonds issued by
supranationals. Overall, this examination provides important insights for our
further analysis. First, as we observe a significant variation in the yield dif-
ferentials across subsamples, it is important to examine this variation further
with the use of a suitable econometric model which allows us to control for the
difference in bonds’ liquidities. Secondly, we can conclude that all characteris-
tics considered (i.e. bond’s principal currency and rating, and issuer’s sector)
should be included in our analysis of the determinants of the green premium.

5.4 Comparison of green bonds in initial and final
samples

As part of the matching procedure, the number of green bonds in our final
sample was reduced to 21% compared to the initial sample. It is crucial to
carefully examine the differences between the initial and final samples to val-
idate if our findings can be applied to the overall universe of straight, senior,
investment-grade green bonds with plain vanilla fixed coupon.

Table 5.6 demonstrates that the average coupon rate, issue amount, and
issue price are almost identical for both samples. After performing appropriate
statistical tests, we confirm that there is no significant difference in averages
over these variables (see Table 5.7 for details). Although we reject the null hy-
pothesis of identical average time to maturity, the difference between the means
is 1.4 years and can be assumed as negligible from an economic perspective.

Next, we analyze the green bonds in the final sample in more detail while
comparing their characteristics to green bonds in the initial sample. Over-
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Table 5.7: Comparison of bond characteristics across samples

This table shows average bond characteristics for the initial sample consisting
of 447 straight, senior, investment-grade green bonds with plain vanilla fixed
coupon (Initial GBs), for the final sample of 94 matched green bonds (Matched
GBs) and for the sample of 188 matched conventional bonds (Matched CBs).
Mean difference (Mean diff.) shows the difference in sample averages together
with its significance.

Variable Initial GBs
(1)

Matched GBs
(2)

Matched CBs
(3)

Mean diff.
(1)−(2)

Mean diff.
(2)−(3)

Coupon (%) 1.750 1.595 1.658 0.155 −0.092
Time to maturity (years) 8.034 6.617 6.543 1.417*** 0.074
Amount issued (US$ million) 593.774 584.440 921.580 9.334 −337.14***
Issue price (US$) 99.687 99.703 99.695 −0.016 0.008

Note: p < 0.1*; p < 0.05**; p < 0.01***.

all, no significant differences are found between the final and initial samples
when we examine issuers’ domiciles. We find that our sample of 94 matched
green bonds comes from issuers with domiciles across 25 countries (see Ta-
ble A.3 for details). The top 5 countries of domicile in terms of the cumula-
tive amount issued are Germany, Netherlands, Luxembourg, France, and the
Philippines. Altogether, these countries account for 54% of the total sample
issuance amount. In comparison, the sample of 447 non-matched green bonds
constitutes of green bonds issued across 37 countries, and the United States
replace the Philippines among the top 5 countries of domicile measured by the
issuance amount. We find that the initial sample’s top 16 countries by issuance
amount are all represented in the matched sample. Furthermore, none of the
countries that have been excluded through the matching process exceeds 1% of
the total initial sample issuance amount. Also, no pattern in the geographical
distribution of the excluded green bonds is indicated. A detailed breakdown of
the issuers’ domiciles by geographical regions for the initial and final samples
is summarized in Table 5.8. Among the major differences, we report a higher
proportion of matched green bonds from Asian issuers and a lower proportion
from European issuers, compared to non-matched green bonds. Furthermore,
the small number of green bonds issued in Central and South America have
been dropped out as a result of the matching process.

Turning now to the bond currency, the final sample includes green bonds
denominated across 9 different currencies (see Table A.4 for details). Compar-
ison to the initial green bond sample reveals that although 20 currencies were
originally represented, the 9 currencies that remained in the final sample after
the matching account for 98% of the original sample’s issuance amount. There-
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Table 5.8: Breakdown of green bonds in initial and matched sample
by geographic region

This table shows the geographic regions represented in the initial and matched
green bond (GB) samples. Percentage (%) of total number of bonds in sample
presents the proportion of bonds issued in a respective region to the total number
of bonds in the sample. Percentage (%) of total sample issuance amount presents
the proportion of bonds’ issuance amount in a respective region to the total
sample issuance amount.

Initial GB sample Matched GB sample

% of total number
of bonds in sample

% of total sample
issuance amount

% of total number
of bonds in sample

% of total sample
issuance amount

Europe 71.92% 59.73% 66.34% 63.37%
Asia 13.86% 19.91% 22.79% 23.76%
North America 9.98% 14.54% 5.91% 6.93%
Australia 3.16% 3.80% 4.12% 4.95%
Africa 0.29% 0.89% 0.84% 0.99%
South America 0.76% 0.89% 0.00% 0.00%
Central America 0.03% 0.22% 0.00% 0.00%

fore, the matching procedure did not lead to excluding any important amply
represented currencies6. In the matched sample, the 3 most common curren-
cies by total amount issued are Euro (52%), US Dollar (36%), and Australian
Dollar (4%). Originally, Euro and US Dollar represented the top 2 currencies
in the initial sample as well, accounting for 57% and 25% respectively. Swedish
Krona, accounting for 5%, was the third most common currency by the issuance
amount.

As far as the issuer types of the matched green bonds are concerned, cor-
porate issuers place first with 40.3% of the overall amount issued, followed by
agency issuers (34.4%) and supranationals (22.4%). Most importantly, gov-
ernment issuance is underweighted in the final sample. In the initial sample,
government issuers accounted for 12.7% of the total sample issuance amount
while in the final sample, their representation dropped to 2.8%. Nevertheless,
we may say this reduction is not critical as the majority of green bonds were
issued by other than government issuers, who are thus at the center of our
analysis.

6The currencies excluded by the matching procedure and their percentage representation
in the initial sample by issuance amount stated in the parenthesis are: Japanese Yen (0.62%),
Chinese Yuan (0.35%), Norwegian Krone (0.31%), Danish Krone (0.17%), New Zealand
Dollar (0.13%), Polish Zloty (0.10%), Turkish Lira (0.09%), Mexican Peso (0.06%), South
African Rand (0.05%), Hungarian Forint (0.04%), Russian Ruble (0.03%), Brazilian Real
(0.00%).
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Overall, although we observe several dissimilarities between the initial and
final green bond samples (sufficiently discussed above), we do not find any sig-
nificant differences across the variety of bond characteristics considered. There-
fore, we believe that it is valid to generalize the inference presented in the
following chapters to the universe of straight, senior, investment-grade green
bonds with plain vanilla fixed coupon.

5.5 Additional green bond data collection
To examine whether the green premium varies with non-financial bond charac-
teristics, we collect relevant supplementary data from various sources.

First, to gather data for testing the environmental risk hypotheses presented
in Section 4.2, we engage with the Center for Social and Sustainable Products,
a consulting and research organization focused on responsible investments and
corporate social responsibility, which runs one of the leading ESG databases
called yourSRI in cooperation with its data partners MSCI, ISS-Oekom, and
Thomson Reuters. ESG data including environmental ratings and Environmen-
tal Pillar Scores for each of our issuers was kindly provided by the Center for
Social and Sustainable Products. The environmental rating takes into consider-
ation a company’s energy use, waste, pollution, natural resource conservation,
and animal treatment. Apart from the performance in these areas, the environ-
mental rating reflects how a company manages environmental risks relevant to
its operations. The Environmental Pillar Score represents the weighted average
of scores in all key environmental issues, i.e. themes central to issuer-specific
industry, which makes it possible to compare environmental ratings across is-
suers from various industries. Next, we access Standard & Poor’s ESG Risk
Atlas, an online infographic tool that provides a relative ranking of industries
and regions by their exposure to environmental risk. For each green bond
in our final sample, we record the issuer’s relative sector environmental risk,
ranging from 1 (least exposed) to 6 (most exposed). The Standard & Poor’s
Country Risk Atlas further recognizes 3 levels of a country’s exposure to nat-
ural disasters: low, medium, and high risk. We examine annual reports of
issuers in our sample to trace the countries of operations, and for each green
bond issuer, we determine what percentage of revenues comes from countries
with low, medium, and high exposure to natural disasters. In cases where the
revenue distribution across countries is not available, we define the percentage
according to the number of employees in each region.
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Furthermore, we enter into cooperation with the CBI and obtain access to its
green bond database7. We use the CBI’s database to extract information about
bonds’ external verifications and certifications. We mark bonds in our sample
as certified by the CBI according to information from the CBI’s list, however,
due to the insufficient granularity of the data on external verification type,
for each matched green bond, we download all other relevant documentation8

and record information related to our green credibility hypotheses stipulated
in Section 4.3. We determine if a bond obtained an SPO or assurance on its
green credentials. Besides, we differentiate if an SPO was issued with respect
to a specific green bond or with respect to an overall green bond framework.
Generally, a green bond framework is a document published by the issuer,
wherein he specifies the overall company’s approach to sustainability and in-
ternal processes corresponding to green bonds. In case an issuer has a green
bond framework in place, an SPO on the framework is not tied to a specific
green bond but applies to all green bonds issued since the SPO provision. Next,
in conformity with the common understanding, we record an external verifica-
tion as a third-party assurance if the verifier provides a reasonable or limited
assurance statement under existing auditing standards. Then, we add data
related to bonds’ post-issuance statements and record if a bond’s report on its
use of proceeds and environmental impact was reviewed by an external auditing
firm and obtained an assurance statement. Lastly, for each issuer, we record
the total number of green bonds that have been issued up to January 31, 2020.

With respect to Hypothesis 9 concerning green bonds’ additionality, we
search for data indicating whether green bond’s proceeds are used to finance
new projects, refinance existing projects, or a mix of both. Such information
is usually readily available in the issuer’s green bond framework, presentations
to investors, or existing verification reports. We thus classify each green bond
as belonging to one of the mentioned categories.

7A bond labeled as green qualifies for inclusion in the CBI’s list, if at least 95% of its use
of proceeds are used for funding environmental projects and such information can be verified
from external sources by CBI.

8Typically, we inspect the bond’s prospectus, additional non-financial information for in-
vestors, corresponding issuance press releases, issuer’s green bond framework, existing reviews
of the bond’s greenness, as well as post-issuance reports on use of proceeds and environmental
impact.



Chapter 6

Empirical Framework

6.1 Stage 1: Estimation of green premium
In stage 1 of the empirical analysis, we aim to examine the existence and
magnitude of the pricing differential between green and conventional bonds. For
this purpose, we study the ask yield spread of green bonds and their synthetic
counterparts and determine if there exists a green premium in the secondary
market.

By applying the matching criteria described in Section 5.2, we manage
to control for most of the discrepancies between characteristics of green and
conventional bonds. However, the descriptive statistics of the issue amount
across the two samples indicate that a certain degree of variation, significant
in both statistical and economic terms, prevails. Importantly, the issue size
is a factor with considerable effects on market liquidity. Thus, because the
difference in liquidity between green and conventional bonds can influence the
bond yields, we need to control for liquidity differential in our analysis of the
bond pricing. We employ an appropriate empirical methodology, introduced
by Zerbib (2019), that enables us to do so. The specification employed to
estimate the effect of greenness on bond’s ask yield is defined in Equation 6.1,
and is referred to as “stage 1” model in the rest of the thesis. The dependent
variable ∆yi,t, as defined previously in Equation 5.2, presents the daily ask
yield spread for a bond pair i on a day t. The right-hand side of the regression
equation includes αi which presents the prime parameter of our interest, the
green premium, captured by the time-invariant fixed effects. ∆Liquidityi,t is
the difference in liquidity of a green bond i and its synthetic counterpart on a
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day t. Lastly, ϵi,t is the idiosyncratic error term.

∆yi,t = αi + β∆Liquidityi,t + ϵi,t (6.1)

In our analysis, we take the Closing Percent Quoted Spread (CPQS) developed
by Chung & Zhang (2014) as the liquidity proxy1. We compute the liquidity of
a bond i on a day t as the CPQS defined in Equation 6.2, where Closing Aski,t

is the closing ask price, and Closing Bidi,t is the closing bid price. The pricing
information was obtained from Thomson Reuters Eikon.

Liquidityi,t = CPQSi,t =
Closing Aski,t − Closing Bidi,t

Closing Aski,t−Closing Bidi,t

2

(6.2)

A liquidity proxy for synthetic bonds needs to be derived in order to compute
the difference in liquidities of green and synthetic bonds, ∆Liquidityi,t. Here,
we employ an approach suggested by Zerbib (2019) and obtain the CPQS of a
synthetic bond i on a day t, CPQSSB

i,t , as an average of CPQSCB1
i,t and CPQSCB2

i,t ,
the spreads of a conventional bond with longer maturity and shorter maturity,
respectively. The average is weighted by the differences in the maturities of
the green bond (MGB) and each of its conventional counterparts (MCB1 and
MCB2). Formally, let d1 = |MGB − MCB1| and d2 = |MGB − MCB2|. Then,
the CPQS of a synthetic bond is defined as in Equation 6.3.

CPQSSB
i,t = d2

d1 + d2
CPQSCB1

i,t + d1

d1 + d2
CPQSCB2

i,t (6.3)

Finally, the computed ∆CPQSi,t = CPQSGB
i,t −CPQSSB

i,t substitutes ∆Liquidityi,t

in Equation 6.1. Table 6.1 provides the overview of the descriptive statistics on
∆CPQS. As shown, the variable takes on values close to zero, signaling that
by imposing matching resrictions on the issue size, we have already managed
to control for extensive differentials in the liquidities of the matched bonds.

We choose a one-way (individual) fixed effects estimation of stage 1 model
1Chung & Zhang (2014) test the performance of CPQS against other proxies of liquidity on

U.S. data and find that in general, it performs better. This result was confirmed by the study
of Fong et al. (2017) who compare a wide range of daily liquidity proxies constructed from
low-frequency data to liquidity benchmarks computed from intraday data, and show that the
CPQS “strongly dominates all other percent-cost proxies for global research”. Although the
proxy has been criticized for that it is computed using daily closing prices and thus ignores
the intraday spread patterns (see e.g., Guloglu & Ekinci, 2016), it offers several advantages,
mainly the simplicity of calculation and availability of required data.
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Table 6.1: Descriptive statistics of difference in liquidity

This table summarizes the descriptive statistics of the difference in the Clos-
ing Percent Quoted Spread (∆CPQS) between green bonds and their synthetic
conventional counterparts.

Min p25% p50% Mean p75% Max SD N
∆CPQS (%) −0.0113 −0.0004 −0.0001 −0.0001 0.0002 0.0188 0.0013 42,617

because it allows us to specifically include a separate intercept for each of the
bond pairs. Hence, we can extract the bond-specific time-invariant green effect
captured by αi. At the same time, fixed effects estimation provides a robust
analysis as it consistently estimates the partial effects even in the presence
of a time-invariant omitted variable correlated with the independent variable,
∆CPQS. Furthermore, we perform several tests to confirm that fixed effects
is a preferred method to estimate our stage 1 model. Also, we test for the
assumptions of the fixed effects estimator and check whether the residuals suffer
from heteroskedasticity, serial correlation, and cross-sectional dependence, and
we adjust the standard errors correctly. The results of the model estimation
and the robustness tests performed are presented in Chapter 7.

6.2 Stage 2: Identification of green premium’s de-
terminants

The second stage of our analysis builds upon the presumptions that the green
premium can be explained by specific green bond characteristics. Our foun-
dational model, which we shall refer to as the “baseline stage 2 model”, is
specified in Equation 6.4 and is based on previous work of Zerbib (2019). For
a green bond i, αî presents the time-invariant fixed effect estimated through
the stage 1 panel regression. The independent variables, defined in detail in
Table B.1, include bond’s maturity and issue amount, and dummy variables
indicating bond’s credit rating, currency, and issuer’s sector. υi is the error
term. In line with Zerbib (2019), to reduce the likelihood of artificially high
R2, we run the regression on a sample for which each dummy variable captures
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at least 4 observations.

αî = β0 + β1Maturityi + β2log(IssueAmounti) + γ′
1Ratingi + γ′

2Currencyi

+ γ′
3Sectori + υi

(6.4)

Based on both theory and evidence from the green bond market participants,
in Chapter 4 we outlined other potential determining factors of the green pre-
mium. To test our hypotheses, we extend the baseline stage 2 model by in-
cluding independent variables capturing the issuer’s exposure to environmental
risk, the level of bond’s green credibility, and the degree of additionality of the
use of bond proceeds.

To investigate whether the green premium can be driven by demand from
profit-seeking investors who aim to hedge against climate-related financial risk,
we extend the baseline stage 2 model in Equation 6.4 by including a set of
dummy variables accounting for issuer’s environmental score, and sector and re-
gional environmental risk. Firstly, we use the ESG data from yourSRI database
and include dummy variables representing the issuer’s performance in environ-
mental topics. Because each company is evaluated on regular basis and the
Environmental Pillar Score varies slightly across years for each issuer, rather
than considering the ordinal scale of the rating, similarly as Kapraun & Scheins
(2019), we create dummy variables ESGHigh and ESGLow indicating whether
issuer’s Environmental Pillar Score lies in the top or bottom quartile of all
issuers, respectively. Secondly, for each issuer, we compute an aggregate mea-
sure of his business’ exposure to natural disasters. We convert the level of
country’s exposure to natural disasters to a numeric ordinal scale and assign
the following values to each level of risk: low (1), medium (2), and high (3)
risk. Then, for each issuer, we derive an average environmental risk level en-
tailed by his regions of operations weighted by the proportion of operations
in low, medium, and high risk countries. This approach allows us to create
dummy variables CountryRiskLow and CountryRiskHigh, indicating whether
the issuer’s weighted average country environmental risk falls withing the lower
quartile (low risk) or upper quartile (high risk) of all issuers, respectively. Sim-
ilarly, a dummy variable SectorRiskLow takes on a value of 1 if issuer’s sector is
in the lower quartile of all issuers in the sample in terms of sector environmental
risk, and SectorRiskHigh takes on a value of 1 if the issuer’s sector risk places
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him in the upper quartile. We then specify the following model specifications:

αî = β0 + β1Maturityi + β2log(IssueAmounti) + γ′
1Ratingi + γ′

2Currencyi

+ γ′
3Sectori + δ1EPSHighi + δ2EPSLowi + υi

(6.5)

αî = β0 + β1Maturityi + β2log(IssueAmounti) + γ′
1Ratingi + γ′

2Currencyi

+ δ1CountryRiskLowi + δ2CountryRiskHighi + δ3SectorRiskLowi

+ δ4SectorRiskHighi + υi

(6.6)

Next, we again modify the version of the model introduced by Zerbib (2019)
to test the green credibility hypotheses stated in Section 4.3. The full version of
the model is presented in Equation 6.7 and we will estimate its several specifi-
cations. Apart from the control variables, we include a set of dummy variables.
SPOBond indicates if a green bond obtained an SPO, and SPOFramework in-
dicates if an SPO was issued with respect to issuer’s green bond framework.
Assurance and Certification dummies take on a value of 1 if a green bond was
issued with assurance statement or CBI certification, respectively. Furthermore,
Audited UoP and AuditedImpact dummies capture whether a green bond ob-
tained assurance on its post-issuance use of proceeds and environmental impact
reports, respectively. Lastly, we construct a dummy 1GBIssue, which equals 1
if only 1 green bond had been issued by the issuer as of January 31, 2020.

αî = β0 + β1Maturityi + β2log(IssueAmounti) + γ′
1Ratingi + γ′

2Currencyi

+ γ′
3Sectori + δ1SPOBondi + δ2SPOFrameworki + δ3Assurancei

+ δ4Certificationi + δ6AuditedUoPi + δ7AuditedImpacti

+ δ81GBIssuancei + υi

(6.7)

Lastly, to test the additionality Hypothesis 9, we specify a model including
dummies Finance and Refinance, indicating if green bond’s proceeds finance
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new projects or refinance existing projects (see Equation 6.8).

αî = β0 + β1Maturityi + β2log(IssueAmounti) + γ′
1Ratingi + γ′

2Currencyi

+ γ′
3Sectori + δ1Financei + δ2Refinancei + υi

(6.8)

Finally, given the observed green premium and a set of candidate explana-
tory variables presented above, we aim to find the best model. However, the
large set of possible regressors makes the model selection ambiguous. To cope
with the issue formally, we apply Bayesian Model Averaging (BMA) approach,
which aids with the determination of variables relevant in the data generat-
ing process (Amini & Parmeter, 2011). We use the BMA framework to better
understand the importance of the regressors in explaining the green premium,
and base our final model on the results yielded2.

We will estimate all the above-specified models using a Weighted Least
Squares (WLS) regression to account for the fact that our independent variable
α̂ is an estimate from the first part of our analysis. This approach is preferred to
OLS as we utilize the information obtained from the stage 1 model estimation—
we use the inverse of the standard errors of the estimated green premia as
weights in the WLS estimation3.

2BMA deals with the model uncertainty as it estimates models for all possible combinations
of predictors and constructs their weighted average (Zeugner, 2011). The key benefit of BMA
is that it shows the weighted average of the parameter estimates from each model as well as
the probability with which a regressor belongs to the final model (Amini & Parmeter, 2011).

3According to Lewis & Linzer (2005), WLS where observations are weighted by the inverse
of the standard errors of the estimates of the dependent variable is the most common model
estimation method in case of estimated dependent variable models.



Chapter 7

Results

This chapter summarizes the results of the estimation of stage 1 and stage 2
models specified in Chapter 6. First, we present the outcomes of the analysis
of the green premium, including its estimated magnitude and statistical signif-
icance. The second part of this chapter provides insights into how the green
premium varies depending on bond characteristics. We conclude this chap-
ter by presenting the robustness checks performed. The empirical data and R
source code used for the analysis are available upon request.

7.1 Stage 1: The existence and magnitude of green
premium

Before analyzing our results, we provide a brief discussion of the efficiency
of the fixed effects estimator, followed by an overview of the robustness tests
performed.

An alternative to estimating our stage 1 model with fixed effects is a pooled
OLS estimation. Pooled OLS estimation ignores the panel structure of our data,
and by treating them as cross-sectional, it applies the same coefficients to all
bond couples. To justify the use of fixed effects, we test for individual effects via
F test, Honda test, and Breusch-Pagan test, and assess whether it is appropriate
to suppose heterogeneity across bond pairs. The results reported in Table C.1
show that in all cases, we reject the null hypothesis which assumes an equal
intercept for individuals, and we thus confirm that fixed effects estimator is
preferred to pooled OLS. The next alternative to fixed effects is an estimation
using the random effects method. In our case, we choose the fixed effects model
for that it allows us to study the treatment effect of the green label by capturing
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the individual time-invariant effects. However, for the sake of completeness, we
perform Hausman test to inspect whether the individual error component, αi,
is correlated with the regressor ∆CPQSi. We report a p-value of 0.1241 and
do not reject the null hypothesis under which both fixed effects and random
effects estimators are consistent, but random effects more efficient. However,
Hausman test assumes homoskedasticity and independent errors (Wooldridge,
2002). As outlined in the following text, errors in our model suffer from both
heteroskedasticity and serial correlation, and according to Wooldridge (2002),
in this case, the size of the Hausman statistic can be smaller or larger than the
nominal size, resulting in the unreliability of the Hausman test results. Thus,
we rationalize the use of the fixed effects estimator based on the theoretical
background and the fact that it fits our research framework better than the
random effects estimator.

We follow with the examination of the idiosyncratic component of the
model’s error term to check if homoskedasticity and no serial correlation as-
sumptions are satisfied. We detect heteroskedasticity through Breusch-Pagan
test, and we reject the null hypothesis of no serial autocorrelation in residuals
via Breusch-Godfrey test, Wooldridge test, and Durbin-Watson test. We also
run a test of error cross-sectional dependence, sometimes referred to as the
“time effect”, which occurs when the model’s residuals are correlated across
different individuals (Petersen, 2009), i.e. bond pairs in our case. We confirm
the presence of cross-sectional dependence in panels through Breusch-Pagan
LM test and Pesaran test. The detailed results of the above-mentioned tests
are reported in Table C.2. Given the presence of heteroskedasticity, serial auto-
correlation and cross-sectional dependence in the model’s residuals, we follow
the approach suggested in recent finance literature (e.g., Cameron & Miller,
2015; Petersen, 2009; Thompson, 2011) and report results with one-way clus-
tered errors (clustered by bond pair) and two-way clustered errors (clustered
by both bond pair and by time).

Table 7.1 presents the results of the fixed effects estimation of Equation 6.1
based on the unbalanced 42,617 bond-day panel. The coefficient of the dif-
ferential in liquidity is highly statistically significant, lending support to our
approach controlling for the liquidity differential which has not been fully con-
trolled for by applying the matching technique. The estimated effect of 1 bp

increase in ∆CPQS is a 10.066 bps drop in the ask yield spread, ∆y, control-
ling for bond-specific time-invariant characteristics. Such a result suggests that
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Table 7.1: Fixed effects estimation of stage 1 model

This table reports the estimation results of the one-way fixed effects regression
model ∆yi,t = αi + β∆CPQSi,t + ϵi,t. The dependent variable ∆yi,t, presenting
the daily ask yield spread between a green bond i and its synthetic conventional
counterpart, is regressed on the difference in their liquidities, approximated by
the Closing Percent Quoted Spread (CPQS). The standard errors are included
in parenthesis. Apart from the regular standards errors, two-way and one-way
clustered standard errors are reported.

Dependent variable: ∆yi,t

Non-robust
standard errors

Two-way clustered
standard errors

One-way clustered
standard errors

∆CPQS −10.066***
(0.327)

−10.066***
(2.946)

−10.066***
(2.944)

Observations 42,617
Number of bond pairs 94
R2 0.022
Adjusted R2 0.02
F Statistic 948.403*** (df = 1 and 42,522)

Note: p < 0.1*; p < 0.05**; p < 0.01***.

with the increase of ∆CPQS (i.e. lower liquidity of green bonds compared to
synthetic ones), the yield differential ∆y decreases. Although the finding is
surprising, the magnitude of the effect correlates well with previous research of
Zerbib (2019) who reports that 1 bp in the bid-ask spread differential leads to
9.88 bps decrease in ∆y.

The premium for each of the constituting green bonds is the prime interest
of our stage 1 analysis, and we present the distribution of its estimates in
Table 7.2. The average and median value of the green premium is −1.12 bps

and −0.63 bps, respectively. The estimated values of the green premium for
our sample of 94 green bonds range from −13.94 bps to 9.04 bps. We apply the
Wilcoxon signed rank test with continuity correction to examine if the average
value of the estimated green premium statistically differs from zero, and we
reject the null hypothesis of zero mean at 5% significance level. Overall, 61.7%
of the estimated effects of greenness on bond yields are negative, as depicted
by the density plot of the estimated green premium in Figure C.1.

Although the R2 and Adjusted R2 are low (as shown in Table 7.1), it is not
unusual in models estimated by fixed effects because standard statistical soft-
wares disregard the individual effects in performed calculations. We manually
derive the goodness-of-fit statistics for the full model and include the individual
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fixed effects that explain additional variation in our dependent variable, and
arrive at R2 of 21.538% and Adjusted R2 of 21.536%.

Table 7.2: Descriptive statistics of estimated green premium

This table summarizes the descriptive statistics of the estimated green bond
premia αî (in bps) for the final sample. The green premium is captured by
the individual fixed effects estimated through stage 1 model regression ∆yi,t =
αi + β∆CPQSi,t + ϵi,t.

Min p25% p50% Mean p75% Max N

αî (bps) −13.94 −2.97 −0.63 −1.12 1.01 9.04 94

Due to the observed variation in the ask yield differential across various
types of green bonds (documented in detail in Table A.2), we re-run our stage
1 regression analysis for subsamples of green bonds split by their principal
currency, bond rating, and issuer’s sector. Table C.3 gives an overview of the
average estimated green premium for each subsample. We find that the average
green premium is negative for 17 out of 21 subsamples and that it varies widely
with the bond characteristics in question. For subsamples including more than
10 green bonds, we examine if the mean green premium is statistically different
from zero using the Wilcoxon signed rank test with continuity correction. We
reject the null hypothesis of zero mean for the subsample of BBB-rated green
bonds which evinces an economically significant green premium of −3.25 bps.
The variation of the green premium with principal currency, bond rating, and
issuer’s sector is further examined in the following section.

7.2 Stage 2: Determinants of green premium
In this section, we present the estimation results for models defined in Sec-
tion 6.2, with the intention to determine factors affecting the green premium.

7.2.1 Baseline stage 2 model estimation results

Table 7.3 shows the result of the WLS estimation of the baseline stage 2 model
given in Equation 6.4, and two adjustments of the specification.

Model specification presented in column (1.a) strictly follows the model by
Zerbib (2019) in that it includes a dummy variable for each currency and merges
Supranational, Government Development Bank, and Government sectors into a
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Table 7.3: Determinants of green premium: Baseline stage 2 model

This table reports the results of the WLS estimation of the baseline stage 2 model,
presented in Equation 6.4, and its two additional specifications. The standard
errors are shown in parenthesis below the estimated coefficients. The variables
are as defined in Table B.1.

Dependent variable: αî

(1.a) (1.a) (1.c)

Constant −0.016 −0.032** −0.037**
(0.011) (0.015) (0.017)

Maturity 0.001 0.002 0.002*
(0.001) (0.001) (0.001)

Issue Amount −0.011 −0.007 −0.007
(0.008) (0.005) (0.005)

AA 0.016 0.017 0.014
(0.013) (0.013) (0.014)

A 0.016 0.017 0.014
(0.013) (0.013) (0.014)

BBB −0.022 −0.020 −0.024
(0.015) (0.015) (0.017)

EUR −0.008 0.002 0.002
(0.009) (0.013) (0.013)

USD 0.014 0.014
(0.012) (0.012)

SEK −0.016
(0.019)

AUD −0.016
(0.015)

HKD −0.018
(0.033)

GDB 0.007
(0.012)

GOV 0.008
(0.015)

FIN −0.011 −0.008 −0.001
(0.012) (0.012) (0.017)

UTI −0.015 −0.015 −0.007
(0.016) (0.016) (0.02)

CON 0.013 0.015 0.022
(0.02) (0.020) (0.023)

Observations 85 92 92
R2 0.195 0.165 0.170
Adjusted R2 0.061 0.061 0.043
F Statistic 1.455 1.595 1.339

Note: p < 0.1*; p < 0.05**; p < 0.01***.
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Government-related sector. We observe that none of the coefficients on maturity
and issue amount are statistically significant. Although the regression results
exhibit a higher green premium for AAA-rated and BBB-rated green bonds in
comparison to AA and A-rated bonds, we fail to find a statistical significance
of this effect. The coefficients on SEK, AUD, and HKD dummies are very
similar in magnitude, ranging from −1.6 to −1.8 bps, but do not statistically
differ from zero. We thus assume the variation in the effect of the non-EUR
and non-USD denomination on the green bond premia as negligible, and in a
spirit of Hyun et al. (2020), in further model specifications, we include dummy
variables controlling for EUR and USD denomination while other non-EUR
and non-USD currencies serve as a reference value. Besides, we benefit from
such an approach as it allows us to include more bond observations.

None of the model estimation results in Table 7.3 reveal any significant
effects of the issuer’s sector on the green premium. Furthermore, column
(1.c) of Table 7.3 presents regression results of a model specification where
the Government-related sector is further split into Supranationals, Government
Development Banks, and Governments sectors. Because we do not observe any
significant variation of the green premium across the detailed sectors, we con-
clude that specification in column (1.a) offers a better fit for our data and we
maintain this sector division in further analysis.

Overall, the R2 of regressions presented in (1.a)–(1.c) are rather low and
range between 17–19.5%. Also, none of the p-values for the F-tests of overall
significance are below 10% significance level, indicating that none of the model
specifications provides a better fit than a constant-only model. Therefore, we
will proceed with reporting estimation results of models controlling for other
non-financial characteristics of green bonds, and observe if the explanatory
power improves.

7.2.2 Estimation results of stage 2 model extentions

In our last analysis, we investigate the economic and statistical significance of
additional non-financial determinants of the green premium. Table 7.4 shows
the empirical results of several extensions of the baseline stage 2 model in-
troduced in Section 6.2. Columns (2.a), (2.b) and (2.c) in Table 7.4 report
the regression results of model specifications controlling for environmental risk
effect; columns (3.a), (3.b) and (3.c) present specifications controlling for the
green credibility effect; and dummies related to the additionality effect are
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included in the column (4.a) model specification. Furthermore, we present re-
gression results of a model specification including all 25 candidate predictors of
the green premium (see column (5.a) in Table 7.4). Lastly, column (5.b) shows
the results of the regression of the final model specification which includes a set
of explanatory variables based on the BMA approach (see Table C.4 for further
reference).

Exposure to environmental risk

Taken as a whole, our sample does not provide evidence supporting the hypoth-
esis that green premium reflects a lower exposure to climate-related financial
risk in the underlying investment. Looking more closely at the estimation re-
sults in Table 7.4, coefficients on SectorRiskLow and SectorRiskHigh are highly
insignificant, implying that the green premium does not vary across sectors with
high (SectorRiskHigh) and low (SectorRiskLow) levels of exposure to environ-
mental risk1. Although the coefficient on CountryRiskLow is statistically sig-
nificant in specifications (2.b) and (2.c), it becomes highly insignificant once we
control for other relevant terms. Similarly, the coefficient of CountryRiskHigh
is insignificant and unstable across specifications, leading us to conclude that
our data do not indicate any economic or statistical relationship between the
green premium and climate-related financial risk entailed by the issuer’s regions
of operations. Also, our results show that a high Environmental Pillar Score
(ESGHigh) of an issuer does not affect the green premium, but contrary to the
expectations, green bonds from issuers with the bottom 25% Environmental
Pillar Scores (ESGLow) trade at yields of 1.8–2.5 bps lower than bonds from
issuers with the middle 50% rating scores. Importantly, the constant in speci-
fications (2.a)–(2.c) is significant and large in magnitude, suggesting a notable
part of the green premium is not accounted for by the regressors.

Green credibility

Based on the estimation results in Table 7.4, we find strong evidence of a
significant effect of a bond-specific Second Party Opinion and a third-party
assurance on the green bond premium. Across all specifications, an existence
of an SPO on a green bond (SPOBond) results in higher green premium of up
to 2.6 bps, all else being equal. Similarly, third-party assurance on the green

1We drop the Financials, Utilities and Consumer Discretionary sector dummies from
models that include dummies accounting for environmental sector risk because the Variance
Inflation Factor (VIF) calculations suggest multicollinearity issues.
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Table 7.4: Determinants of green premium: Stage 2 model extensions

This table shows the results of WLS regression of models defined in Section 6.2
where the green premium α̂ estimated through stage 1 analysis is regressed on
several bond characteristics. Variables are as defined in Table B.1.

Dependent variable: αî

(2.a) (2.b) (2.c) (3.a) (3.b) (3.c) (4.a) (5.a) (5.b)
Constant −0.031** −0.039** −0.037** −0.017 −0.017 −0.019 −0.018 −0.011 −0.009

(0.014) (0.018) (0.017) (0.016) (0.018) (0.018) (0.016) (0.023) (0.016)
Maturity 0.002 0.002 0.002 0.001 0.001 0.001 0.002** 0.002* 0.002*

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
IssueAmount −0.01* −0.003 −0.005 −0.005 −0.005 −0.005 −0.004 −0.001 0

(0.005) (0.006) (0.006) (0.005) (0.006) (0.006) (0.005) (0.006) (0.005)
AA 0.018 0.011 0.006 0.021 0.022 0.017 0.004 0.009 0.009

(0.013) (0.011) (0.011) (0.013) (0.015) (0.016) (0.014) (0.014) (0.012)
A 0.023 0.004 0.003 0.014 0.015 0.014 0.007 0.015 0.016

(0.014) (0.011) (0.011) (0.013) (0.014) (0.014) (0.015) (0.014) (0.012)
BBB −0.015 −0.023* −0.023* −0.019 −0.016 −0.023 −0.032** −0.014 −0.007

(0.016) (0.014) (0.013) (0.016) (0.018) (0.019) (0.016) (0.016) (0.012)
EUR 0.008 −0.002 0.001 0.01 0.011 0.009 −0.01 0.007 0.004

(0.013) (0.014) (0.014) (0.014) (0.015) (0.015) (0.013) (0.015) (0.013)
USD 0.019 0.009 0.012 0.013 0.014 0.014 0.008 0.01 0.007

(0.012) (0.014) (0.014) (0.012) (0.013) (0.013) (0.012) (0.013) (0.011)
FIN −0.013 −0.005 −0.003 −0.002 −0.008

(0.012) (0.012) (0.014) (0.014) (0.011)
UTI −0.023 −0.01 −0.007 −0.003 −0.01

(0.017) (0.016) (0.018) (0.018) (0.016)
CON 0.003 0.004 0.002 0.01 0.032

(0.021) (0.02) (0.021) (0.022) (0.021)
SPOBond −0.022* −0.023* −0.021 −0.026** −0.023**

(0.012) (0.013) (0.013) (0.012) (0.009)
SPOFramework −0.011 −0.012 −0.01 −0.007

(0.01) (0.011) (0.011) (0.01)
Assurance −0.032*** −0.033*** −0.029** −0.032** −0.031***

(0.01) (0.011) (0.012) (0.013) (0.009)
Certification 0.009 0.011 0.009 0.016 0.018

(0.013) (0.014) (0.014) (0.013) (0.012)
AuditedImpact 0.001 0.003 0.002

(0.01) (0.01) (0.009)
AuditedUoP −0.006 −0.006 −0.02* −0.02*

(0.014) (0.014) (0.011) (0.01)
1GBIssue 0.014 0.007

(0.013) (0.013)
Finance −0.018* −0.025** −0.019*

(0.011) (0.012) (0.011)
Refinance 0.014 0.03*** 0.026***

(0.009) (0.009) (0.008)
EPSHigh −0.01 −0.016 0.008

(0.01) (0.01) (0.011)
SectorRiskLow 0.005 0.004 0.011

(0.01) (0.01) (0.011)
CountryRiskLow 0.019** 0.024** 0.003 0.003

(0.01) (0.01) (0.012) (0.007)
EPSLow −0.020** −0.018* −0.023** −0.025***

(0.01) (0.009) (0.009) (0.009)
SectorRiskHigh 0.014 0.007 0.017

(0.014) (0.014) (0.015)
CountryRiskHigh 0.012 0.017 -0.004

(0.012) (0.012) (0.014)

Observations 92 93 93 92 92 92 92 93 93
R2 0.215 0.188 0.241 0.261 0.263 0.274 0.234 0.434 0.405
Adjusted R2 0.096 0.078 0.117 0.127 0.106 0.107 0.118 0.256 0.289
F-statistic 1.802* 1.703* 1.934** 1.945** 1.672* 1.641* 2.01** 2.436*** 3.496***

Note: p < 0.1*; p < 0.05**; p < 0.01***.
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bond’s adherence to recognized principles and/or a defined green bond frame-
work (Assurance) is associated with a higher green premium of 2.9 to 3.3 bps,
ceteris paribus. For instance, the estimated coefficients in the specification
(3.a) indicate that a yield of a green AAA-rated EUR-denominated financial
bond which has obtained assurance is 4.4 bps lower than a yield of a compa-
rable conventional bond. The coefficient on SPOFramework remains negative
across various specifications and suggests an increase of 0.7–1.2 bps in the green
premium for a bond issued as part of the issuer’s green bond framework which
obtained an SPO, however, the coefficient is not statistically different from zero.
Also, we do not report any significant differences between the premia on green
bonds with and without a certification.

Contrary to expectations, we do not find a significant difference in yields
of green bonds whose report on environmental impact has undergone an audit
(AuditedImpact) and those without such a post-issuance assurance. Although
we do not observe any significant effect of an audited use of proceeds report
(AuditedUoP) on the green premium in specifications (3.b) and (3.c), we include
the AuditedUoP dummy in the final model based on the BMA estimates. When
controlling for other relevant regressors, the coefficient on AuditedUoP becomes
negative and significant, indicating that investors are willing to pay extra 2 bps

for green bonds whose post-issuance use of proceeds report obtained a third-
party assurance in comparison to green bonds without such an audit review,
keeping all else fixed.

When we introduce the 1GBIssue dummy, controlling for green bonds from
issuers with only 1 green bond issued up to January 2020, its coefficient is highly
insignificant and no improvement in the overall fit of the model is reported.
Therefore, we can conclude that the ask yield of a green bond is not affected
in case of a first-time issue.

Additionality: financing vs. refinancing projects

After adding dummy variables indicating whether green bond’s proceeds fi-
nance new projects (Finance) or refinance existing projects (Refinance), the
p-value for the F-test of overall significance is less than 5%, and we report a
R2 of 23.4%, suggesting that the added regressors are important determinants
of the variance in the green premium (see column (4.a) in Table 7.4). Turning
to the estimation results in column (5.b), the coefficient signs are as expected,
suggesting an increase of 1.9 bps in the green premium for green bonds financ-
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ing new projects, and a decrease of 2.6 bps for green bonds refinancing existing
projects, all else equal.

7.3 Robustness checks

7.3.1 Green premium in time

Because we perform the stage 1 estimation on pricing data coming from 2014–
2020, it is essential to examine how the green premium evolved over the sample
period. Given the rapid growth of the green bond market during recent years,
the investigation of any price improvements between green and conventional
bonds is even more important.

The most common method how to control for variation in the dependent
variable across time is an estimation of a two-way fixed effects model, which
expands the one-way model by including time fixed effects. As expected, the
estimation of the two-way fixed effects model reveals no significant daily time
effects2 and we can confirm that such a model is not relevant for our analysis.

We follow the analysis by investigating if there exists any evidence of a year
effect. We extend our stage 1 model by adding a dummy variable controlling
for each year from 2015 to 2020 and consider 2014 to be our base year. We
estimate the new model specified in Equation 7.1 by fixed effects and report
the results in Table 7.5.

∆yi,t = αi + β1∆CPQSi,t + δ20152015 + δ20162016 + δ20172017

+ δ20182018 + δ20192019 + δ20202020 + ϵi,t

(7.1)

The coefficient of the difference in liquidity between the green bond and its syn-
thetic conventional counterpart, ∆CPQS, remains almost unchanged in com-
parison to the original stage 1 model estimation results. We focus on the
interpretation of the robust estimation that employs the two-way clustered
standard errors. As shown in the right column of Table 7.5, 4 out of the 6 year
dummies are significant at 5% significance level and we confirm the joint sig-
nificance of the year dummies at 1% level via Wald test. All coefficients on the

2In our case, the two-way fixed effects model controls for time effects by adding a dummy
variable for each but one of the 1,552 days represented in our sample period. As expected,
only 9.15% daily time effects are significant at 10% significance level, and for 1,410 days, the
time effect is not significant. We perform Breusch-Pagan Lagrange Multiplier test for time
effects in unbalanced panels and with the resulting p-value of 0.1693, we have no statistical
evidence of the joint significance of included time effects.
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Table 7.5: Fixed effects estimation of green premium with year dum-
mies

This table reports results of the one-way fixed effects regression of our stage
1 model with additional inclusion of year dummy variables: ∆yi,t = αi +
β1∆CPQSi,t + δ20152015 + δ20162016 + δ20172017 + δ20182018 + δ20192019 +
δ20202020 + ϵi,t. The standard errors are shown in parenthesis below the es-
timated coefficients, and apart from the regular standards errors of the fixed
effects regression, two-way clustered standard errors are reported.

Dependent variable: ∆yi,t

Non-robust
standard errors

Two-way clustered
standard errors

∆CPQS −10.228***
(0.332)

−10.228***
(3.001)

δ2015
0.026***
(0.005)

0.026***
(0.009)

δ2016
0.014**
(0.005)

0.014
(0.013)

δ2017
0.018***
(0.004)

0.018***
(0.007)

δ2018
0.021***
(0.004)

0.021***
(0.006)

δ2019
0.016***
(0.004)

0.016**
(0.007)

δ2020
0.005

(0.005)
0.005

(0.009)

Observations 42,617
Number of bond pairs 94
R2 0.024
Adjusted R2 0.022
F Statistic 151.813*** (df = 7 and 42,516)

Note: p < 0.1*; p < 0.05**; p < 0.01***.

year dummy variables are positive, suggesting that in case of a negative yield
differential between green and conventional bonds (i.e. lower yield for green
bonds in comparison to conventional bonds), this differential becomes smaller
in magnitude in the years following the base year, 2014. However, it needs to
be emphasized that our sample for 2014 is very limited as it comprises of 2
bond couples only, with total 300 bond-day observations. Therefore, we focus
on the magnitude and economical significance of the differences between the
year effects, and we observe that the estimates do not reveal any trend or con-
siderable variation in the magnitude of the yield differential, ∆y, across years.
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In particular, we examine the coefficients on 2017, 2018, and 2019 dummies
as they are statistically significant and our sample during these years includes
a sufficient number of bond pairs. The coefficients on 2017, 2018, and 2019
dummies indicate an increase of 1.8, 2.1 and 1.6 bps in ∆y, respectively, and
all else equal. We can thus conclude that despite the statistical significance
of the year dummy variables, the difference in the magnitude of the estimated
coefficients is minimal from an economic standpoint.

To further investigate the question of whether the green premium remained
steady over the investigated period, we split our sample into subsamples by
months. For each subsample, we repeat the stage 1 estimation in Equation 6.1
using all bond-day observations from the respective month. We obtain the de-
scriptive statistics of the time-invariant individual fixed effects, αî, specifically
for each month3. Figure 7.1 shows how the estimated green bond premium
varied across the month subsamples. Out of the 37 estimated green premia,
81.1% mean and 75.7% median monthly values are negative, which is consistent
with our previous results showing that the average green bond premium for the
total sample is statistically different from zero and averages at −1.12 bps. The
extracted average month fixed effects, depicted in Figure 7.1, are volatile and
do not reveal any clear pattern between January 2017 and January 2018. This
can be explained by the smaller number of bond pairs constituting the subsam-
ples during this period. However, in a period from early 2018 to September
2019, the green premium became more stable and fluctuated between −1.18
to 0.03 bps. We observe a more remarkable green premium during October
2019–January 2020. Thus, we follow up on the findings of Zerbib (2019) who
shows that the green premium is variable between January 2016 and December
2017. Furthermore, we do not confirm the findings of Gianfrate & Peri (2019)
who suggest that the premium fades with time. The analysis in this section
provides evidence that the recent higher supply of green bonds has not led to
any significant improvements in the pricing between green and conventional
bonds, and that a slight green premium remained present in 2018 and 2019.

3To prevent that we base the estimates of the green premium on an excessively limited
sample of bonds, we only include subsamples comprising of more than 15 bond pairs. By
applying this approach, we start with a subsample dating January 2017 which includes data
on 17 bond pairs. We end up with 37 subsamples spanning over a period from January 2017
to January 2020.
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Figure 7.1: Estimated green premium across time

7.3.2 Volatility differential

As the next step of our robustness analysis, we address the fact that green
bonds attract long-term oriented investors with buy-and-hold strategies, which
can make green bonds less volatile in comparison to conventional bonds (e.g.,
Bachelet et al., 2019; Deschryver & de Mariz, 2020). Similarly to Zerbib (2019),
we investigate whether the estimated green bond premium is affected by the
different levels of volatility embodied in green and conventional investments.

We calculate a 20-day annualized volatility4 for all green and conventional
bonds in our sample. The derivation of the synthetic conventional bond’s
volatility follows the method used for its liquidity computation given in Equa-
tion 6.3, except that we replace the CPQS of conventional bonds by their volatil-
ities. We re-estimate the stage 1 model equation while adding a control of the
difference in 20-day annualized volatilities of green and synthetic conventional
bonds. Results reported in Table 7.6 show that the additional regressor is
both statistically and economically insignificant. Therefore, we do not find any
evidence that the green premium reflects the lower volatility of green bonds
compared to conventional bonds.

4For each bond, we calculate a daily return Rt as a log return ln( yt

yt−1
), where yt presents

the bond’s ask yield on a day t. In rare cases when the ask yield is negative, we use a simple
return formula yt−yt−1

yt−1
. Then, the 20-day annualized volatility is computed according to the

standard practice as the standard deviation of the past 20-day returns multiplied by
√

252.
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Table 7.6: Fixed effects estimation of green premium with control of
liquidity and volatility

This table shows results of stage 1 model extension which adds a control of the
difference in 20-day annualized volatility between green bonds and their con-
ventional counterparts. Results of the one-way fixed effects regression ∆yi,t =
αi +β1∆CPQSi,t +β2∆Voli,t + ϵi,t with two-way and one-way clustered standard
errors are reported.

Dependent variable: ∆yi,t

Two-way clustered
standard errors

One-way clustered
standard errors

∆CPQS −9.890***
(2.708)

−9.890***
(2.707)

∆ 20-day annualized volatility −4.132–5

(6.001−5)
−4.132−5

(5.991−5)

Observations 40,730
Number of bond pairs 94
R2 0.02
Adjusted R2 0.018
F Statistic 411.511*** (df = 2 and 40,634)
Note: p < 0.1*; p < 0.05**; p < 0.01***.

7.3.3 Stringent matching criteria

In the third step of our robustness checks, we address the possibility that the
matching criteria specified in Table 5.3 were not stringent enough, resulting in
insufficient control of the difference in liquidity between green and conventional
bonds, as well as over- or under-estimation of synthetic bonds’ ask yields. We
revisit the stage 1 estimation with the application of more stringent matching
criteria. Here, the maximal difference in the maturity of a green bond and
one of its conventional counterparts is restricted to 1 year. Furthermore, the
issue date of eligible conventional bonds is required to lie in a 2.5-year period
from that of a green bond. Also, the issue amount of a conventional bond
cannot be less than half of the green bond’s issue amount, or more than twice
as big as the green bond’s issue amount. Finally, we restrict the difference in
the coupon between the matched bonds to the utmost of 1.50%. Table 7.7
shows the comparison of the original and the newly defined matching criteria.
We re-run stage 1 model regression with the new sample of 36 bond pairs and
17,204 bond-day observations and observe the change in the distribution of the
estimated green premium. Table 7.8 suggests that the descriptive statistics are
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economically very similar—the average green bond premium after applying the
stringent matching constraints is −1.65 bps, an increase of approximately 0.5
bp to the original average green bond premium value. As expected, we again
reject a zero mean of the green premium after applying the Wilcoxon signed
rank test with continuity correction.

Table 7.7: Comparison of general and stringent matching criteria

The comparison of the general matching criteria applied in our main analysis and
the stringent criteria applied as part of the robustness checks. The table shows
the matching criteria that a conventional bond (CB) must fulfill to be considered
as a comparable counterpart of a green bond (GB). Additional criteria which are
required to be an exact match are as presented in Table 5.3.

Bond characteristics General matching criteria Stringent matching criteria

Maturity (M) ± 2 years MCB1 ± 1 year
MCB2 ± 2 years

Issue date ± 4 years ± 2.5 years

Issue amount (IA) 1
4 ·IAGB ≤ IACB ≤ 4·IAGB 1

2 ·IAGB ≤ IACB ≤ 2·IAGB

Coupon Not restricted ± 1.5 %

Table 7.8: Comparison of estimated green premia

This table shows a comparison of the descriptive statistics of the estimated green
bond premia, αî, for the final sample of 94 bonds created by applying the general
matching criteria, and for the sample of 36 bonds created by applying stringent
matching criteria.

αî (bps) Min p25% p50% Mean p75% Max N

General matching criteria −13.94 −2.97 −0.63 −1.12 1.01 9.04 94
Stringent matching criteria −12.59 −3.47 −1.023 −1.65 0.95 3.51 36



Chapter 8

Discussion of Results

8.1 Green premium
We find evidence of the existence of green premium in the secondary mar-
ket through the estimation of stage 1 model, as presented in detail in Sec-
tion 7.1. The estimated −1.12 bps average green premium is statistically sig-
nificant which leads us to the rejection of Hypothesis 1: There does not exist
a premium on green bonds in comparison to otherwise equivalent conventional
bonds in the secondary market. Our findings could thus lend support to some
of the previous research which also reports that investors are willing to undergo
part of their returns for green bond investments in the secondary market (e.g.,
Gianfrate & Peri, 2019; Nanayakkara & Colombage, 2019; Preclaw & Bakshi,
2015; Zerbib, 2019). The magnitude of the estimated green premium matches
the best the premium of −2 bps reported by Zerbib (2019), whose methodolog-
ical approach served as the base of our empirical analysis. Moreover, from an
economic standpoint, our results do not suggest any severe pricing distortions
between green and conventional bonds. The value of the estimated green pre-
mium thus also correlates fairly well with Hachenberg & Schiereck (2018) and
Hyun et al. (2020), who do not find any pricing differentials between green and
ordinary bonds, and we further support the claim that the green label does
not, on average, have a profound effect on bond prices.

Overall, our finding of a yield differential of 1.12 bps between straight, senior,
investment-grade green bonds with plain vanilla fixed coupon and their non-
green counterparts is promising. We show that there is no reason to associate
the green label with sacrificing returns. Such a result is vitally important for
spurring interest in green investments among traditional investors. Also large
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institutional investors can engage in green bonds without having to pay a sig-
nificant premium for such investments. However, as shown in Subsection 7.2.2
and discussed in the following text, the green premium can significantly increase
for green bonds with specific attributes.

8.2 Effects of traditionally considered bond char-
acteristics

We first discuss the estimated effects of the traditionally considered character-
istics of green bonds on the magnitude of the green premium and put them in
a context of findings of other existing research.

In line with previous literature (e.g., Hachenberg & Schiereck, 2018; Zerbib,
2019), we find that neither maturity nor issue amount has a significant effect
on the magnitude of the green premium. Next, we do not confirm previous
findings of Zerbib (2019) who reports that the green premium linearly fades
with the credit quality of bonds. We rather correlate our results on the bond
rating effect with studies of Hachenberg & Schiereck (2018) and Hyun et al.
(2020) who do not find any monotonic relation between the green premium and
bond credit rating, however, we were unable to find a statistical significance for
these effects. Similarly, although we do evidence a slight variation in the green
premium between bonds with different currencies of denomination, none of the
coefficients on currency dummies is statistically significant. Lastly, our results
do not reveal any significant effects of the issuer’s sector on the green pre-
mium. Therefore, the outcomes of our analysis differ from some earlier studies
which show that green bonds from governments and institutional issuers exhibit
significantly lower yields compared to green bonds from private issuers (e.g.,
Bachelet et al., 2019; Kapraun & Scheins, 2019). However, research carried out
by Hachenberg & Schiereck (2018) and Zerbib (2019) concurs with our findings
and does not support the claim that green bond premium increases with the
issuer’s reputation.

8.3 Exposure to environmental risk
Our results based on the sample of 94 green bonds do not provide sufficient
evidence that the green premium varies with the issuer’s exposure to environ-
mental risk, and we thus fail to reject Hypothesis 3 and Hypothesis 4. Our
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findings rather point to the fact put forward by Zerbib (2019) who claims that
the observed green premium reflects investors’ pro-environmental preferences.
This also conforms with the evidence obtained from the green bond market
participants, which shows that investors frame their incentives for investing in
green bonds as motivated by non-financial drivers rather than financial benefits
(Maltais & Nykvist, 2020). Concerning the variation of the green premium with
the environmental rating of an issuer, we can partially reject Hypothesis 2, as
we find unanticipated evidence that lower environmental rating is rewarded by
investors in the secondary market. Thus, our findings can be contrasted with
previous research of Kapraun & Scheins (2019) who found that green bonds
from corporate issuers with ESG scores within the bottom 30% of all issuers
trade at higher yields of approximately 11 bps.

Although our findings seem surprising, we offer a two-fold possible ratio-
nale behind the observed investors’ behavior. Firstly, since green bonds have
recourse to the entire balance sheet of the issuer, conceptually, there does not
exist any credit enhancement carried by green bonds in comparison to con-
ventional debt of the same issuer. Therefore, profit-seeking investors gain the
same environmental risk hedging benefits by investing in conventional bonds
of the same issuer. Such considerations correlate with Hachenberg & Schiereck
(2018) who show that ESG-rated issuers do not have any price advantage when
raising finance through green bond issuance in comparison to issuers with no
environmental rating. The authors also explain their findings by that investors
can buy comparable non-green bonds that are considered as ESG-conform as
well. Secondly, the finding that the green premium is higher for issuers with
low environmental ratings can be explained on the grounds of additionality.
Because issuers with weak performance in environmental matters tend to pur-
sue fewer sustainable projects, their green bond issuance might be perceived
by environmentally conscious investors as a signal of commitments to green-
ness. In this sense, investors might appraise the additional value of the green
label and be willing to pay a higher price for the transformational projects of
lower-performing issuers.

Taken together, our analysis suggests that the explanation behind the lower
yields of green bonds in comparison to conventional bonds is the investors’ will-
ingness to pay a small premium for the green feature. Accordingly, issuers can
use green bonds to attract new environmentally conscious investors. In fact,
KfW bank, the largest green bond issuer in Germany, reports that after the
green bond issuance, it has seen many investors, primarily asset managers, who
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never invested in KfW’s bonds in the primary market before (KfW, 2020). Sim-
ilarly, NRW.Bank claims that its green bond issuance has attracted investors
who have not been involved in its funding program before (Richter & Pereira,
2019).

8.4 Credibility of greenness
As far as the external verification effect on the green premium is concerned,
our results support a partial rejection of Hypothesis 5. A bond-specific SPO

and a third-party assurance statement on the bond’s greenness seem to lower
the yields on green bonds by up to 2.6 and 3.3 bps, respectively. We also re-
port an economic effect of up to 1.2 bps increase in the green premium for
bonds issued under the issuer’s green bond framework with an SPO. The lin-
ear growth of the green premium with different types of external verification
points towards the idea that investors in the secondary market value issuer’s in-
creased commitments towards greenness. The higher green premium for issues
with a bond-specific SPO in comparison to issues with an SPO on the general
green framework indicates that investors reward the strengthened affirmation
of greenness. Furthermore, an even higher price is paid for green bonds whose
greenness is signaled through a legally-binding assurance provided by audit
firms. The results demonstrate that investors seek verification of bonds’ green
credentials, and are willing to sacrifice part of their return in exchange for a
reduction in the information asymmetry and decreased probability of green-
washing. This result has important implications in the context of concerns
that prevail among the investor community. As we outlined in Section 2.4,
greenwashing concerns present a great risk to the green bond market as the
loss of investor confidence in the green label might inhibit its further growth
(Talbot, 2017). In light of the increasing number of issuers from various sec-
tors and geographical regions, the urge to sustain trust in the greenness is even
greater. Our results encourage green bond issuers to engage an external verifier
as the costs incurred1 are likely to be offset by the higher price paid for verified
bonds.

Unexpectedly, our study fails to confirm the results of previous research
which finds evidence that a green bond certification increases the price paid for

1According to Hachenberg & Schiereck (2018), the average cost of obtaining an external
verification ranges between 0.3 and 0.6 bps for a US$500 million green bond, according to
the level of work involved in the verification process.
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a green bond (e.g., Bachelet et al., 2019; Hyun et al., 2020; Flammer, 2020).
Nevertheless, it has to be borne in mind that up to date, not many green
bonds have been CBI-certified and consequently, our sample might not include
a representative group of certified green bonds. The limited number of obser-
vations might have hindered the detection of a significant relationship between
the certification and the green premium.

If we now turn to a post-issuance assurance, we observe that rather than
the audited impact report, it is the audit on the use of proceeds report that
significantly increases the green premium. The outcome indicates that investors
are concerned about whether the proceeds of green bonds are truly allocated
to environmental projects and assets. The finding is not surprising given that
investors face a misallocation risk as a consequence of non-binding rules and
non-compulsory post-issuance verification on the use of proceeds under the
widely accepted green bond standards.

Regarding the green premia on issuers’ first green bonds, our findings show
that bonds issued by new and already established green bond issuers do not
trade at statistically different prices. The results can be put into a context of a
study of Flammer (2020) who finds that first-time issuers of green bonds enjoy
larger announcements returns compared to seasoned issuers. Thus, potential
entrants to the green bond market are incentivized by the higher stock price
increase and the fact that in the secondary market, there is no evidence sug-
gesting that investors would question the green credibility of the first issue by
requiring discounts on such bonds.

Overall, our results support the hypothesis that pre- and post-issuance ver-
ification of the bond’s greenness enters the green bond pricing dynamics in the
secondary market. We thus managed to further enhance the knowledge about
what areas need to be addressed to improve investors’ confidence in green
bonds. Although obtaining an SPO or assurance statement on a green bond
is a common practice alongside its issuance, the various types of pre-issuance
assessments together with the growing number of providers employing diverse
methodologies can create undesirable complexity and result in confusion among
issuers and investors. Taken together with the great inconsistency in the post-
issuance reporting in terms of its extensiveness, form, and availability to the
public, unifying and streamlining the process of green bonds’ review, and har-
monizing the reporting standards is vitally important. To this end, regulatory
initiatives aimed at strengthening green bond market governance are already
being undertaken. For example, as part of the European Commission’s Action
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Plan on Sustainable Finance, its Technical Expert Group published 4 reports
in 2019 that summarize the recommendations in the area of sustainable capital
flows. Based upon the draft of the EU Taxonomy, a classification system for
environmentally sustainable economic activities, the Technical Expert Group’s
report on Green Bond Standard addresses the above-mentioned issues. Most
importantly, the Technical Expert Group proposes to clarify what are eligible
green projects, to standardize the process of external reviews, and to introduce
mandatory post-issuance allocation reporting (Technical Expert Group on Sus-
tainable Finance, 2019). However, the reconciliation of regional taxonomies and
standards is inevitable to prevent further fragmentation of different systems and
to promote international cross-border green investments. The decision made
by the People’s Bank of China in May 2020 to exclude “clean coal” from the
list of eligible green projects is one of the promising steps towards harmonized
international standardization of green bonds (The Financial Times, 2020). Fi-
nally, the regulations in place should become legally-binding as the voluntary
nature of existing standards and lacking enforcement mechanisms leave green
bond investors with a low level of security on whether bond proceeds are used
as promised by the issuer.

8.5 Additionality: financing vs. refinancing projects
It is possible to state that our results underline the importance of addition-
ality for the acceptance of green bonds by investors. Based on the evidence
presented in Table 7.4, we can reject Hypothesis 9 and state that our results
are in agreement with Richter & Pereira (2019) who claim that issuers deal
with investor skepticism about the added value that green bonds bring. Our
findings add to this widely discussed topic by providing clear evidence that
additionality concerns materialize in the secondary green bond market. The
data show that investors value the fundamental principle behind green bonds
which is to raise money for new environmental initiatives. On the contrary,
the investor community seems to be reluctant to pay a higher price for green
bonds whose proceeds fund existing projects from the issuer’s balance sheet.
To illustrate the effect, based on our estimates (here we consider the full model
regression coefficients reported in panel (5.b) of Table 7.4), the yield of an
AAA-rated EUR-denominated green bond with a bond-specific SPO, no post-
issuance assurance, average environmental rating of the issuer, and an average
level of environmental risk in issuer’s regions of operations trades at a yield
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4.7 bps lower in comparison to a conventional bond with equivalent financial
characteristics. However, if such a bond refinances existing projects, its yield
is only 0.2 bps lower than that of an equivalent conventional bond, indicating
no economic difference in yields.

This finding highlights the importance of justifying the use of green bonds
for refinancing purposes. As part of our research, we learned that the ratio-
nale for the acceptance of green bonds for refunding is three-fold. Firstly, as
discussed through this thesis, the issuance of a green bond involves concerted ef-
fort on the issuer’s side in order to obtain necessary knowledge about the area,
set up required internal processes, and ensure conformance with established
standards. By committing to such additional time and money spent, the issuer
signals to the market that environmental sustainability has become his priority.
Next, green bond issuance is usually accompanied by special attention to the
overall company’s operations and its standing in environmental matters. The
issuer’s actions towards fighting climate change are put under public scrutiny,
which most likely pushes the issuer’s environmental commitments even further.
Lastly, most green bonds used for refinancing have been issued by financial cor-
porates. Such issuances managed to increase the visibility of green investments
and helped to create awareness about the necessity to raise finance for fighting
climate change. Taken together, policymakers and international organizations
engaged in promoting green bonds should communicate the additionality of
green bonds not only for their direct use for emerging sustainable projects
but in the light of their broader impact on greening the financial markets and
engaging private and public sector in environmental questions.

8.6 Limitations and research extensions
One of the biggest drawbacks of this thesis is the lack of historic data on green
bonds that led to a limited sample of 94 matched bond pairs. Consequently,
the number of green bonds denominated in less frequent currencies, or issued
in geographical regions and industries where the green bond issuance is not so
widespread, was limited or completely omitted from the final sample. Thus, the
limited variability of characteristics of analyzed green bonds restricted a more
detailed investigation of the existence of the green premium in subsamples split
by country of issue, sector, and currency. We thus propose that further research
takes advantage of the growing diversity of green bond issuers to explore the
green bond pricing further. For example, it would be interesting to investigate
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whether investors are willing to pay a higher premium for green bonds issued
in developing countries. Due to the insufficiency of funds for delivering on cli-
mate pledges under the Paris Agreement and UN’s 2030 Agenda for Sustainable
Development in underdeveloped nations, green bonds might present a critical
tool to finance sustainable infrastructure. Given the evidence that investors
value the additionality of green bonds, future research could examine if the
magnitude of the green premium increases for issues in countries where access
to finance is limited.

A limitation that might hinder the generalization of our results is that
our study of the green premium is based on a dataset constituting only 21%
of the initial sample. Although the descriptive statistics of bonds in the ini-
tial and final sample do not reveal any significant differences (see Section 5.3
for details), and our results should thus be applicable to all straight, senior,
investment-grade green bonds with a vanilla fixed coupon, alternative matching
methodologies which do not lead to such an extensive reduction of the sample
size would enhance the representativeness of the results.

Furthermore, a possible shortfall that needs to be considered stems from the
anecdotal evidence showing that green bonds tend to be purchased by investors
with buy-and-hold strategies. Thus, we cannot rule out the possibility that the
bond yields used in our study might not always perfectly reflect the real market
pricing.

Lastly, we were unable to find a significant relationship between the CBI’s
certification and the green bond premium. As stressed earlier, caution must be
exercised to the transferability of the results as our investigation was carried
on a small sample of certified green bonds.

Although we managed to introduce additional non-financial variables that
seem to influence the green bond prices, further research in this area could
explore additional relevant factors. For instance, up to date, a big part of
green bonds financed renewable energy and energy efficiency projects. How-
ever, for some countries, cities, or sectors, other areas, such as waste man-
agement, aquatic biodiversity conservation, or the introduction of eco-efficient
products and technologies might be more critical. In this regard, future work
could examine if the green premium varies according to the cruciality of fi-
nanced projects for the relevant region or industry. Similarly, when conducting
our research, we noted that the motivations to engage in green bonds differ
among green bond issuers. For example, development banks or governments
have clear mandates to promote sustainable investments. Private issuers from
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the financial sector might be incentivized to issue green bonds to keep up with
trends and to conform to the common practice adopted by their competitors.
Other organizations, such as utilities and power companies, face strengthen-
ing external pressure from customers, stakeholders, and regulators, to pursue
sustainable strategies. We suggest that further work examines whether the pri-
mary motivations to issue green bonds are recognized by investors and affect
bonds’ yields. Furthermore, in the light of the recent rise in the number of
provided green bond ratings, it would be a valuable contribution to observe if
assigned ratings affect the green bond premium. Finally, qualitative research
conducted through interviews with green bond market participants would fur-
ther deepen the understanding of their motivations, concerns, and preferences,
so that the desired structure of the green bond market can be established.



Chapter 9

Conclusion

Although more than a decade has passed since the issuance of the first green-
labeled bond, the market for green bonds gained momentum only recently. The
shift of green bonds from nascent financial instruments, often considered as ex-
otic, into important activators of global climate finance has been driven by
the urgent need of funds for climate mitigation and adaptation projects. Since
2015, other categories of green bond issuers have been joining the traditional
borrowers comprising of multilateral development banks, and the exponential
rise of green bond issues enhanced the availability of data dramatically, unlock-
ing the potential for more academic research in this area.

The further uptake of green bonds as mainstream tools for pursuing greener
financial sector along with low-carbon and climate-resilient economies is ham-
pered by the uncertainty about whether there exists an efficient interplay of
environmental and financial goals. Up to date, the evidence of whether green
bonds price differently than identical conventional bonds has been equivocal
and no unanimous answer has been provided by the existing research or by
dialogues with the green bond market practitioners. Thus, the first goal of this
study is to examine whether the observed high demand for green bonds affects
their pricing in the secondary market.

To do so, we create a dataset of 94 matched pairs of straight, senior,
investment-grade green and similar conventional bonds with plain vanilla fixed
coupons, which were issued between February 2014 and August 2019. We em-
ploy a fixed effects regression on our unbalanced panel comprising of 42,617
bond-day observations and estimate the green premium as the ask yield differ-
ential between green bonds and their equivalent synthetic counterparts while
controlling for any residual difference in the bonds’ liquidities. We find that
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on average, green bonds trade at a yield 1.12 bps lower compared to ordinary
bonds. Further analysis shows that this small green premium is driven by in-
vestors’ preferences for environment-friendly projects rather than by demand
from profit-maximizing investors who believe green bond investments offer a
lower level of climate-related financial risk.

Our thesis further contributes to the understanding of investors’ preferences
in the green debt market by examining how the estimated green bond premium
varies with financial and non-financial bond characteristics. Our results reveal
that market participants who engage in the green bond market assign addi-
tional value to external verification of the bond’s greenness. According to our
estimates, an independent Second Party Opinion and a legally-binding third-
party assurance on bond’s green credentials result in an increase of the green
premium by up to 2.6 and 3.3 bps, respectively. We also evidence investors’
willingness to pay a higher price for green bonds with verifications that the
proceeds are used for intended green projects. Our results show that green
bonds with a post-issuance assurance on the use of proceeds trade at yields
by approximately 2 bps lower compared to green bonds without such verifica-
tions. Lastly, we demonstrate that investors’ concerns of whether green bonds
bring any additional value to the process of decarbonizing world economies
are reflected in the green bond pricing. According to our estimates, the green
premium increases by 1.9 bps for green bonds whose proceeds are employed
into new environmental projects, and decreases by 2.6 bps for green bonds that
refinance already established and running green projects.

The re-examination of the green bond pricing issue with the use of the lat-
est available global data presents a useful contribution to the existing research.
Taken together, we have obtained data-driven results that can aid investors to
make more educated investment decisions. We show that from an economic
perspective, on average, green bonds do not trade at prices significantly differ-
ent from those of ordinary bonds. Therefore, we help to establish the legitimacy
of the green bond market by providing evidence why the investment commu-
nity should not falsely associate the shift to sustainable and climate-resilient
future through green bond investments with lower financial returns. We jus-
tify green bonds as suitable instruments for mainstream institutional investors
who face strengthened pressure from their clientele to engage in environment-
related issues but who do not have mandates to give up financial returns for
sustainability. Furthermore, our investigation of the investors’ motivations to
engage in the green bond market has implications for the growing diversity of is-
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suers seeking to obtain financing for environmentally-friendly projects. While
the direct financial advantage of issuing a green bond is limited, issuers can
benefit by attracting new environmentally conscious investors who tend to be
more long-term and with buy-and-hold strategies. Lastly, our findings that the
magnitude of the green premium does not differ for first-time issuers compared
to established ones suggests that no pricing disadvantages are preventing new
public and private issuers to enter the green bond market. Similarly, firms with
lower environmental ratings are also encouraged to scale up green projects, as
our findings indicate that they enjoy advantageous pricing compared to average
performers.

We also shed light on what are the key initiatives that should be under-
taken to establish an environment that meets investors’ needs. The finding
that investors are willing to sacrifice part of their returns for an assurance that
issuers will deliver on the promised green bond prospectus highlights the infor-
mation asymmetry issue and suspicions of greenwashing. In this regard, it is
vital to promote external verifications of green bonds alongside both the pre-
issuance and post-issuance phase to enhance the credibility and transparency
of the green bond market. Furthermore, simplification and harmonization of
various green bond assessment schemes together with standardization of report-
ing practices is desirable to strip any additional complexity and promote fur-
ther integrity of the market. Next, the documented pricing differences between
bonds used for funding new and existing projects suggest investors’ uncertainty
about the issuance of green bonds for refinancing purposes. Thus, information
regarding the necessity and practicality of green bonds for refinancing should
be communicated to prospective investors.



Bibliography

Adams, J., D. Hayunga, S. Mansi, D. Reeb, & V. Verardi (2019): “Iden-
tifying and treating outliers in finance.” Financial Management 48(2): pp.
345–384.

Amini, S. M. & C. F. Parmeter (2011): “Bayesian model averaging in R.”
Journal of Economic and Social Measurement 36(4): pp. 253–287.

Asian Development Bank (2018): “Promoting green local cur-
rency bonds for infrastructure development in ASEAN.” Available at
https://www.adb.org/sites/default/files/publication/410326/
green-lcy-bonds-infrastructure-development-asean3.pdf.

Bachelet, M. J., L. Becchetti, & S. Manfredonia (2019): “The green
bonds premium puzzle: The role of issuer characteristics and third-party
verification.” Sustainability 11(4): pp. 1–22.

Baker, M., D. Bergstresser, G. Serafeim, & J. Wurgler (2018): “Fi-
nancing the response to climate change: The pricing and ownership of US
green bonds.” Working paper.

Boston Consulting Group (2020): “Global asset management
2020: Protect, adapt and innovate.” Boston Consulting Group,
19 May. Available at https://www.bcg.com/publications/2020/
global-asset-management-protect-adapt-innovate.

Boulle, B. (2014): “2013 overview: The dawn of an age of green
bonds?” Climate Bonds Initiative, 6 February. Available at https://www.
climatebonds.net/2014/05/2013-overview-dawn-age-green-bonds.

Calderon, R. & J. Carbajal (2019): “Green bond market: Who are its
protagonists?” Technical report, Latin American Association of Development
Financing Institutions.

https://www.adb.org/sites/default/files/publication/410326/green-lcy-bonds-infrastructure-development-asean3.pdf
https://www.adb.org/sites/default/files/publication/410326/green-lcy-bonds-infrastructure-development-asean3.pdf
https://www.bcg.com/publications/2020/global-asset-management-protect-adapt-innovate
https://www.bcg.com/publications/2020/global-asset-management-protect-adapt-innovate
https://www.climatebonds.net/2014/05/2013-overview-dawn-age-green-bonds
https://www.climatebonds.net/2014/05/2013-overview-dawn-age-green-bonds


Bibliography 81

Cameron, A. C. & D. L. Miller (2015): “A practitioner’s guide to cluster-
robust inference.” Journal of Human Resources 50(2): pp. 317–372.

Chung, K. H. & H. Zhang (2014): “A simple approximation of intraday
spreads using daily data.” Journal of Financial Markets 17: pp. 94–120.

Climate Action 100+ (2020): “Global investors driving business transition.”
Available at http://www.climateaction100.org.

Climate Action Tracker (2019): “Warming projections global up-
date.” Available at https://climateactiontracker.org/documents/644/
CAT_2019-09-19_BriefingUNSG_WarmingProjectionsGlobalUpdate_
Sept2019.pdf.

Climate Bonds Initiative (2015): “Scaling up green bond markets for sus-
tainable development: A strategic guide for the public sector to stimulate pri-
vate sector market development for green bonds.” Consultation paper. Avail-
able at https://www.climatebonds.net/files/files/Guide%2030Nov15%
20FINAL.pdf.

Climate Bonds Initiative (2019a): “Explaining green bonds.” Available at
https://www.climatebonds.net/market/explaining-green-bonds.

Climate Bonds Initiative (2019b): “Green bonds: The state of the market
2018.” Available at https://www.climatebonds.net/files/reports/cbi_
gbm_final_032019_web.pdf.

Climate Bonds Initiative (2020a): “2019 green bond market sum-
mary.” Available at https://www.climatebonds.net/files/reports/
2019_annual_highlights-final.pdf.

Climate Bonds Initiative (2020b): “Certification.” Available at https:
//www.climatebonds.net/certification/get-certified.

Climate Change Performance Index (2018): “Results 2019.” Avail-
able at https://www.climate-change-performance-index.org/sites/
default/files/documents/ccpi-2019-results-190614-web-a4.pdf.

Climate Policy Initiative (2019): “Global landscape
of climate finance 2019.” Available at https://www.
climatepolicyinitiative.org/wp-content/uploads/2019/11/
2019-Global-Landscape-of-Climate-Finance.pdf.

http://www.climateaction100.org
https://climateactiontracker.org/documents/644/CAT_2019-09-19_BriefingUNSG_WarmingProjectionsGlobalUpdate_Sept2019.pdf
https://climateactiontracker.org/documents/644/CAT_2019-09-19_BriefingUNSG_WarmingProjectionsGlobalUpdate_Sept2019.pdf
https://climateactiontracker.org/documents/644/CAT_2019-09-19_BriefingUNSG_WarmingProjectionsGlobalUpdate_Sept2019.pdf
https://www.climatebonds.net/files/files/Guide%2030Nov15%20FINAL.pdf
https://www.climatebonds.net/files/files/Guide%2030Nov15%20FINAL.pdf
https://www.climatebonds.net/market/explaining-green-bonds
https://www.climatebonds.net/files/reports/cbi_gbm_final_032019_web.pdf
https://www.climatebonds.net/files/reports/cbi_gbm_final_032019_web.pdf
https://www.climatebonds.net/files/reports/2019_annual_highlights-final.pdf
https://www.climatebonds.net/files/reports/2019_annual_highlights-final.pdf
https://www.climatebonds.net/certification/get-certified
https://www.climatebonds.net/certification/get-certified
https://www.climate-change-performance-index.org/sites/default/files/documents/ccpi-2019-results-190614-web-a4.pdf
https://www.climate-change-performance-index.org/sites/default/files/documents/ccpi-2019-results-190614-web-a4.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2019/11/2019-Global-Landscape-of-Climate-Finance.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2019/11/2019-Global-Landscape-of-Climate-Finance.pdf
https://www.climatepolicyinitiative.org/wp-content/uploads/2019/11/2019-Global-Landscape-of-Climate-Finance.pdf


Bibliography 82

Derwall, J., K. Koedijk, & J. Ter Horst (2011): “A tale of values-driven
and profit-seeking social investors.” Journal of Banking & Finance 35(8):
pp. 2137–2147.

Deschryver, P. & F. de Mariz (2020): “What future for the green bond
market? How can policymakers, companies, and investors unlock the poten-
tial of the green bond market?” Journal of Risk and Financial Management
13(3): p. 61.

Ehlers, T. & F. Packer (2017): “Green bond finance and certification.” Bank
for International Settlements Quarterly Review .

Environmental Finance (2019): “Sustainable bonds insights 2019.” Avail-
able at https://www.environmental-finance.com/assets/files/SUS%
20BONDS%20INSIGHT%20FINAL-final.pdf.

Fatica, S., R. Panzica, M. Rancan, & Others (2019): “The pricing of
green bonds: Are financial institutions special?” Technical report, European
Commission, Luxembourg.

Fernandez, C., E. Ley, & M. F. J. Steel (2001): “Model uncertainty in
cross-country growth regressions.” Journal of Applied Econometrics 16(5):
pp. 563–576.

Financial Stability Board (2016): “Recommendations of the
Task Force on Climate-related Financial Disclosures.” Available
at https://www.fsb-tcfd.org/wp-content/uploads/2017/06/
FINAL-2017-TCFD-Report-11052018.pdf.

Flammer, C. (2020): “Corporate green bonds.” Journal of Financial Eco-
nomics, Forthcoming.

Fong, K. Y. L., C. W. Holden, & C. A. Trzcinka (2017): “What are the
best liquidity proxies for global research?” Review of Finance 21(4): pp.
1355–1401.

Gianfrate, G. & M. Peri (2019): “The green advantage: Exploring the
convenience of issuing green bonds.” Journal of Cleaner Production 219: pp.
127–135.

https://www.environmental-finance.com/assets/files/SUS%20BONDS%20INSIGHT%20FINAL-final.pdf
https://www.environmental-finance.com/assets/files/SUS%20BONDS%20INSIGHT%20FINAL-final.pdf
https://www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-2017-TCFD-Report-11052018.pdf
https://www.fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-2017-TCFD-Report-11052018.pdf


Bibliography 83

Global Sustainable Investment Alliance (2018): “Global sustain-
able investment review 2018.” Available at http://www.gsi-alliance.org/
wp-content/uploads/2019/03/GSIR_Review2018.3.28.pdf.

Guloglu, Z. C. & C. Ekinci (2016): “A comparison of bid-ask spread proxies:
Evidence from Borsa Istanbul futures.” Journal of Economics Finance &
Accounting 3(3): pp. 244–254.

Hachenberg, B. & D. Schiereck (2018): “Are green bonds priced differently
from conventional bonds?” Journal of Asset Management 19(6): pp. 371–
383.

Hyun, S., D. Park, & S. Tian (2020): “The price of going green: The role of
greenness in green bond markets.” Accounting & Finance 60(1): pp. 73–95.

ICMA (2018): “Green Bond Principles.” Available at https:
//www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/
Green-Bonds-Principles-June-2018-270520.pdf.

ICMA (2020): “Guidance Handbook.” Available at https:
//www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/
Guidance-Handbook-April-2020-050620.pdf.

Inderst, G. & F. Stewart (2018): “Incorporating environmental, social and
governance (ESG) factors into fixed income investment.” World Bank Group
publication.

International Finance Corporation (2016): “Mobilizing private climate
finance—Green bonds and beyond.” Technical report, World Bank Other
Operational Studies, The World Bank.

Kapraun, J. & C. Scheins (2019): “(In)-Credibly green: Which bonds trade
at a green bond premium?” Proceedings of Paris December 2019 Finance
Meeting by ESSEC and EUROFIDAI.

Karpf, A. & A. Mandel (2018): “The changing value of the ‘green’ label on
the US municipal bond market.” Nature Climate Change 8(2): pp. 161–165.

KfW (2020): “Green bonds—Made by KfW.” Available at https://www.kfw.
de/PDF/Investor-Relations/Pdf-Dokumente-Investor-Relations/
KfW-Green-Bond-Presentation.pdf.

http://www.gsi-alliance.org/wp-content/uploads/2019/03/GSIR_Review2018.3.28.pdf
http://www.gsi-alliance.org/wp-content/uploads/2019/03/GSIR_Review2018.3.28.pdf
https://www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/Green-Bonds-Principles-June-2018-270520.pdf
https://www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/Green-Bonds-Principles-June-2018-270520.pdf
https://www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/Green-Bonds-Principles-June-2018-270520.pdf
https://www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/Guidance-Handbook-April-2020-050620.pdf
https://www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/Guidance-Handbook-April-2020-050620.pdf
https://www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/Guidance-Handbook-April-2020-050620.pdf
https://www.kfw.de/PDF/Investor-Relations/Pdf-Dokumente-Investor-Relations/KfW-Green-Bond-Presentation.pdf
https://www.kfw.de/PDF/Investor-Relations/Pdf-Dokumente-Investor-Relations/KfW-Green-Bond-Presentation.pdf
https://www.kfw.de/PDF/Investor-Relations/Pdf-Dokumente-Investor-Relations/KfW-Green-Bond-Presentation.pdf


Bibliography 84

Kidney, S. (2018): “Green Bond Additionality: The Big Picture.” Bonds
& Loans, 24 December. Available at https://bondsloans.com/news/
green-bond-additionality-the-big-picture.

Larcker, D. F. & E. M. Watts (2020): “Where’s the greenium?” Journal
of Accounting and Economics 69(2-3).

Lewis, J. B. & D. A. Linzer (2005): “Estimating regression models in which
the dependent variable is based on estimates.” Political analysis 13(4): pp.
345–364.

Maltais, A. & B. Nykvist (2020): “Understanding the role of green bonds
in advancing sustainability.” Journal of Sustainable Finance & Investment
pp. 1–20.

MET Office (2020): “Mauna Loa carbon dioxide forecast for
2020.” Available at https://www.metoffice.gov.uk/research/climate/
seasonal-to-decadal/long-range/forecasts/co2-forecast.

Michaelson, J. (2018): “Green bonds: A different take on ‘ad-
ditionality’.” Environmental Finance, 26 October. Available at
https://www.environmental-finance.com/content/analysis/
green-bonds-a-different-take-on-additionality.html.

Moody’s (2016): “Moody’s publishes methodology on
Green Bonds Assessment.” Moody’s Investors Service, 30
March. Available at https://www.moodys.com/research/
Moodys-publishes-methodology-on-Green-Bonds-Assessment--PR_
346585.

Nanayakkara, M. & S. Colombage (2019): “Do investors in Green Bond
market pay a premium? Global evidence.” Applied Economics 51(40): pp.
4425–4437.

OECD (2017): “Investing in climate, investing in
growth.” Technical report, Paris. Available at
https://www.oecd.org/environment/cc/g20-climate/
synthesis-investing-in-climate-investing-in-growth.pdf.

Park, S. K. (2018): “Investors as regulators: Green bonds and the gover-
nance challenges of the sustainable finance revolution.” Stanford Journal of
International Law 54(1).

https://bondsloans.com/news/green-bond-additionality-the-big-picture
https://bondsloans.com/news/green-bond-additionality-the-big-picture
https://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/long-range/forecasts/co2-forecast
https://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/long-range/forecasts/co2-forecast
https://www.environmental-finance.com/content/analysis/green-bonds-a-different-take-on-additionality.html
https://www.environmental-finance.com/content/analysis/green-bonds-a-different-take-on-additionality.html
https://www.moodys.com/research/Moodys-publishes-methodology-on-Green-Bonds-Assessment--PR_346585
https://www.moodys.com/research/Moodys-publishes-methodology-on-Green-Bonds-Assessment--PR_346585
https://www.moodys.com/research/Moodys-publishes-methodology-on-Green-Bonds-Assessment--PR_346585
https://www.oecd.org/environment/cc/g20-climate/synthesis-investing-in-climate-investing-in-growth.pdf
https://www.oecd.org/environment/cc/g20-climate/synthesis-investing-in-climate-investing-in-growth.pdf


Bibliography 85

Petersen, M. A. (2009): “Estimating standard errors in finance panel data
sets: Comparing approaches.” The Review of Financial Studies 22(1): pp.
435–480.

Preclaw, R. & A. Bakshi (2015): “The cost of being green.” Technical report,
Barclays Credit Research.

PRI (2020): “An introduction to responsible investment.” Principles
for Responsible Investment. Available at https://www.unpri.org/pri/
an-introduction-to-responsible-investment.

Richter, F. & D. M. Pereira (2019): “Helping to build the green bond
market.” Environmental Finance, 22 February. Available at https:
//www.environmental-finance.com/content/the-green-bond-hub/
helping-to-build-the-green-bond-market.html.

Rosenbaum, P. R. & D. B. Rubin (1985): “Constructing a control group us-
ing multivariate matched sampling methods that incorporate the propensity
score.” The American Statistician 39(1): pp. 33–38.

Schneeweiß, A. (2019): “Great expectations: Credibility and additionality
of green bonds.” Suedwind Institut, Bonn.

Standard & Poor’s (2019): “Navigating the ESG Risk Atlas.” Avail-
able at https://www.spglobal.com/en/research-insights/articles/
navigating-the-esg-risk-atlas.

Stellner, C., C. Klein, & B. Zwergel (2015): “Corporate social respon-
sibility and Eurozone corporate bonds: The moderating role of country sus-
tainability.” Journal of Banking & Finance 59: pp. 538–549.

Stuart, E. A. (2010): “Matching methods for causal inference: A review
and a look forward.” Statistical science: a review journal of the Institute of
Mathematical Statistics 25(1): pp. 1–21.

Talbot, K. M. (2017): “What does green really mean?: How increased trans-
parency and standardization can grow the green bond market.” Villanova
Environmental Law Journal 28.

Tan, E. (2019): “Tracking the growth of green bonds.” Refinitiv, 24 July. Avail-
able at https://www.refinitiv.com/perspectives/market-insights/
tracking-the-growth-of-green-bonds/.

https://www.unpri.org/pri/an-introduction-to-responsible-investment
https://www.unpri.org/pri/an-introduction-to-responsible-investment
https://www.environmental-finance.com/content/the-green-bond-hub/helping-to-build-the-green-bond-market.html
https://www.environmental-finance.com/content/the-green-bond-hub/helping-to-build-the-green-bond-market.html
https://www.environmental-finance.com/content/the-green-bond-hub/helping-to-build-the-green-bond-market.html
https://www.spglobal.com/en/research-insights/articles/navigating-the-esg-risk-atlas
https://www.spglobal.com/en/research-insights/articles/navigating-the-esg-risk-atlas
https://www.refinitiv.com/perspectives/market-insights/tracking-the-growth-of-green-bonds/
https://www.refinitiv.com/perspectives/market-insights/tracking-the-growth-of-green-bonds/


Bibliography 86

Technical Expert Group on Sustainable Finance (2019): “Re-
port on EU Green Bond Standard.” Technical report, European
Commission. Available at https://ec.europa.eu/info/sites/info/
files/business_economy_euro/banking_and_finance/documents/
190618-sustainable-finance-teg-report-green-bond-standard_en.
pdf.

The Financial Times (2020): “China to stop green bond financing for ‘clean
coal’ projects.” The Financial Times, 29 May. Available at https://www.
ft.com/content/253f969c-37e0-42cd-9cdf-e06a5262fffe.

The World Bank (2018): “Green bond impact report 2018.”
Technical report. Available at http://pubdocs.worldbank.org/en/
632251542641579226/report-impact-green-bond-2018.pdf.

Thompson, S. B. (2011): “Simple formulas for standard errors that cluster by
both firm and time.” Journal of financial Economics 99(1): pp. 1–10.

UNDP (2019): “The heat is on: Taking stock of global climate ambition.” Tech-
nical report, United Nations Development Programme. Available at https:
//unfccc.int/sites/default/files/resource/NDC%20Outlook.pdf.

UNEP (2019): “Emissions gap report 2019. Executive summary.” Techni-
cal report, United Nations Environment Programme, Nairobi. Available
at https://wedocs.unep.org/bitstream/handle/20.500.11822/30797/
EGR2019.pdf?sequence=1&isAllowed=y.

UNEP FI & PRI (2020): “UN-Convened Net-Zero Asset Owner Al-
liance.” United Nations Environment Programme–Finance Initiative & Prin-
ciples for Responsible Investment. Available at https://www.unepfi.org/
net-zero-alliance/contacts/.

United Nations (2019): “Climate Action Summit 2019.” United Nations,
New York. Available at https://www.un.org/en/climatechange/assets/
pdf/CAS_closing_release.pdf.

We Mean Business Coalition (2020): “What We Do.” Available at https:
//www.wemeanbusinesscoalition.org.

Wooldridge, J. M. (2002): Econometric analysis of cross section and panel
data. Cambridge, Massachusetts: The MIT Press.

https://ec.europa.eu/info/sites/info/files/business_economy_euro/banking_and_finance/documents/190618-sustainable-finance-teg-report-green-bond-standard_en.pdf
https://ec.europa.eu/info/sites/info/files/business_economy_euro/banking_and_finance/documents/190618-sustainable-finance-teg-report-green-bond-standard_en.pdf
https://ec.europa.eu/info/sites/info/files/business_economy_euro/banking_and_finance/documents/190618-sustainable-finance-teg-report-green-bond-standard_en.pdf
https://ec.europa.eu/info/sites/info/files/business_economy_euro/banking_and_finance/documents/190618-sustainable-finance-teg-report-green-bond-standard_en.pdf
https://www.ft.com/content/253f969c-37e0-42cd-9cdf-e06a5262fffe
https://www.ft.com/content/253f969c-37e0-42cd-9cdf-e06a5262fffe
http://pubdocs.worldbank.org/en/632251542641579226/report-impact-green-bond-2018.pdf
http://pubdocs.worldbank.org/en/632251542641579226/report-impact-green-bond-2018.pdf
https://unfccc.int/sites/default/files/resource/NDC%20Outlook.pdf
https://unfccc.int/sites/default/files/resource/NDC%20Outlook.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/30797/EGR2019.pdf?sequence=1&isAllowed=y
https://wedocs.unep.org/bitstream/handle/20.500.11822/30797/EGR2019.pdf?sequence=1&isAllowed=y
https://www.unepfi.org/net-zero-alliance/contacts/
https://www.unepfi.org/net-zero-alliance/contacts/
https://www.un.org/en/climatechange/assets/pdf/CAS_closing_release.pdf
https://www.un.org/en/climatechange/assets/pdf/CAS_closing_release.pdf
https://www.wemeanbusinesscoalition.org
https://www.wemeanbusinesscoalition.org


Bibliography 87

World Economic Forum (2020): “The global risks report 2020.” Available
at https://www.weforum.org/reports/the-global-risks-report-2020.

Zerbib, O. D. (2019): “The effect of pro-environmental preferences on bond
prices: Evidence from green bonds.” Journal of Banking & Finance 98: pp.
39–60.

Zeugner, S. (2011): “Bayesian model averaging with BMS.” Tutorial to the
R-package BMS .

Zimmermann, M., T. Hurst, R. Schwegler, & J. Fussler (2019):
“Measuring climate-related risks in investment portfolios.” Swiss Sustainable
Finance, Zürich. Available at https://www.sustainablefinance.ch/
upload/cms/user/2019_03_04_SSF_Focus_Measuring_Climate_related_
Risks_in_Portfolios_final.pdf.

https://www.weforum.org/reports/the-global-risks-report-2020
https://www.sustainablefinance.ch/upload/cms/user/2019_03_04_SSF_Focus_Measuring_Climate_related_Risks_in_Portfolios_final.pdf
https://www.sustainablefinance.ch/upload/cms/user/2019_03_04_SSF_Focus_Measuring_Climate_related_Risks_in_Portfolios_final.pdf
https://www.sustainablefinance.ch/upload/cms/user/2019_03_04_SSF_Focus_Measuring_Climate_related_Risks_in_Portfolios_final.pdf


Appendix A

Data: Complementary Tables

Table A.1: Average ask yield of green bonds in final sample, broken
down by bond characteristics

This table shows the average ask yield (ȳ) of green bonds in the final sample,
broken down by a principal currency, bond rating, and issuer’s sector. The sectors
include Supranationals (SUP), Governments (GOV), Government Development
Banks (GDB), Financials (FIN), Utilities (UTI), Consumer Discretionary (CON),
and Communications (COM). Table B.1 provides further information about the
variable definitions. For each subsample, number of green bonds (No. of GBs)
is the total count of green bonds included, and number of observations (No. of
observations) is the cumulative number of bond-day observations.

Green Bonds: Average ask yield
SUP GOV GDB FIN UTI CON COM

EUR

AAA ȳ 0.40 0.15
No. of GBs 3 5

No. of observations 1,392 1,749

AA ȳ 0.40 0.15
No. of GBs 2 9

No. of observations 1,907 3,747

A ȳ 0.53 0.06 0.30 0.60
No. of GBs 1 1 8 2

No. of observations 493 283 3,439 2,075

BBB ȳ 0.77 0.82 0.84 0.41
No. of GBs 3 2 2 1

No. of observations 1,263 1,068 658 167

USD

AAA ȳ 2.38 2.32 2.22
No. of GBs 8 2 6

No. of observations 4,340 610 1,921

AA ȳ 2.34 2.65
No. of GBs 1 3

No. of observations 391 1,920
Continued on next page



A. Data: Complementary Tables II

Table A.1 – Continued from previous page

Green Bonds: Average ask yield

SUP GOV GDB FIN UTI CON COM
A ȳ 2.73

No. of GBs 3
No. of observations 1,280

BBB ȳ 2.67 2.89 3.84 3.12
No. of GBs 1 1 2 2

No. of observations 189 968 538 1,424

BB ȳ 3.42
No. of GBs 1

No. of observations 588

SEK

AAA ȳ 0.03 0.21
No. of GBs 5 3

No. of observations 1,133 1,575

A ȳ 0.47
No. of GBs 2

No. of observations 876

AUD

AAA ȳ 1.52 2.04
No. of GBs 1 1

No. of observations 253 954

AA ȳ 2.43
No. of GBs 2

No. of observations 1,294

HKD

AAA ȳ 2.02
No. of GBs 3

No. of observations 943

A ȳ 2.98
No. of GBs 1

No. of observations 531

CHF

AAA ȳ -0.05 -0.66
No. of GBs 1 1

No. of observations 1,415 181

GBP

AAA ȳ 0.77 0.83
No. of GBs 1 1

No. of observations 123 128

CAD

AAA ȳ 1.68
No. of GBs 2

No. of observations 199

INR

AAA ȳ 6.56
No. of GBs 1

No. of observations 602



A. Data: Complementary Tables III

Table A.2: Average differential in ask yields of green and synthetic
bonds in final sample, broken down by bond characteristics

This table shows the difference in average ask yields of green bonds and their syn-
thetic counterparts (∆ȳ), stated in basis points, and broken down by a principal
currency, bond rating, and issuer’s sector. The sectors include Supranationals
(SUP), Governments (GOV), Government Development Banks (GDB), Finan-
cials (FIN), Utilities (UTI), Consumer Disretionary (CON), and Communications
(COM). Table B.1 provides further information about the variable definitions.

Average ask yield differential (∆ȳ) in bps

SUP GOV GDB FIN UTI CON COM
EUR

AAA −4.18 -0.68
AA 2.31 0.83
A −0.62 −4.84 1.02 −0.20
BBB −4.50 −6.21 −3.14 0.54

USD

AAA 0.55 0.80 −0.07
AA −0.33 −2.54
A −1.12
BBB −3.65 2.20 −7.51 −0.93
BB 1.32

SEK

AAA −1.34 0.51
A 0.39

AUD

AAA 3.54 −3.25
AA −1.02

HKD

AAA 0.62
A 1.41

CHF

AAA −0.20 −0.23

GBP

AAA −3.98 2.15

CAD

AAA −8.05

INR

AAA −10.0



A. Data: Complementary Tables IV

Table A.3: Overview of green bond issuers’ domiciles

This table shows the split of matched green bonds by the issuer’s domicile. Is-
suance amount (US$ million) is the cumulative amount issued by issuers with
a given domicile, and percentage (%) of total issuance amount shows the share
of this issuance amount on the total final sample issuance amount. Number of
bonds issued is the sum of all bonds issued by issuers with a given domicile, and
percentage (%) of total number of bonds is the share of the number of bonds
issued in this domicile on the total number of green bonds in the final sample.

Country Issuance amount
(US$ million)

% of total
issuance amount

Number of
bonds issued

% of total number
of bonds

Germany 8,062 15% 11 12%
Netherlands 6,871 13% 9 10%
Luxembourg 5,786 11% 6 6%
France 4,712 9% 7 7%
Philippines 3,103 6% 8 9%
Sweden 2,703 5% 9 10%
Japan 3,108 6% 5 5%
Finland 2,225 4% 7 7%
Indonesia 1,250 2% 1 1%
Australia 2,450 4% 5 5%
United States 2,011 4% 5 5%
United Kingdom 1,981 4% 3 3%
China (mainland) 1.608 3% 2 2%
Canada 1,500 3% 2 2%
Italy 1,219 2% 2 2%
Poland 1,108 2% 1 1%
Spain 1,108 2% 1 1%
Norway 500 1% 1 2%
South Korea 1,000 2% 2 2%
India 900 2% 2 2%
Denmark 554 1% 1 1%
Ivory Coast 500 1% 1 1%
United Arab Emirates 500 1% 1 1%
Switzerland 101 0% 1 1%
Hong Kong 77 0% 1 1%



A. Data: Complementary Tables V

Table A.4: Green bonds in final sample by currency denomination

This table shows the split of matched green bonds by currency of denomination.
Issuance amount (US$ million) is the cumulative amount issued in a respective
currency, and percentage (%) of total issuance amount shows the proportion of
the amount issued in the currency on the total matched sample issuance amount.
Number of bonds issued is the sum of all bonds issued in a given currency, and
percentage (%) of total number of bonds is the proportion of the number of bonds
issued in the currency on the total number of green bonds in the final sample.

Country Issuance amount
(US$ million)

% of total
issuance amount

Number of
bonds issued

% of total number
of bonds

Euro 28,328 52% 39 41%
US Dollar 19,800 36% 30 32%
Australian Dollar 1,951 4% 4 4%
British Pound 1,859 3% 2 2%
Swedish Krona 1,327 2% 10 11%
Canadian Dollar 919 2% 2 2%
Swiss Franc 453 1% 2 2%
Hong Kong Dollar 230 0% 4 4%
Indian Rupee 71 0% 1 1%



Appendix B

Variables Definition

Table B.1: Definition of variables in stage 2 models

This table provides an overview of the variables used in our stage 2 regression
analyses. The data were obtained from Thomson Reuters Eikon, the CBI’s green
bond database, the Center for Social and Sustainable Products, and other publicly
available documentation on green bonds constituting our final sample.

Variable Description

Maturity The number of years between the green bond’s issuance and its maturity,
expressed in years, and rounded up to 2 decimal places.

Issue Amount The green bond’s amount outstanding at issuance, expressed in billions
of US Dollars.

Rating The available credit rating of a green bond as provided by Standard &
Poor’s, Moody’s, and Fitch. If a green bond rating varies across agencies,
we consider the prevailing rating. Following previous literature (e.g.,
Stellner et al., 2015; Zerbib, 2019), we drop out + and −, which leaves
us with AAA, AA, A, BBB, and BB-rated bonds in our sample.

Currency The currency in which a green bond is denominated. Our sample includes
green bonds issued in Euro (EUR), US Dollar (USD), Swedish Krona
(SEK), Australian Dollar (AUD), Hong Kong Dollar (HKD), Swiss Franc
(CHF), British Pound (GBP), Canadian Dollar (CAD), and Indian Ru-
pee (INR).

Continued on next page



B. Variables Definition VII

Table B.1 – Continued from previous page

Variable Description

Sector Bloomberg Industry Classification Systems (BICS) of level 1 is used to
classify the sector of bond issuers. Our sample comprises bonds issued
across the following sectors: Financials (FIN), Utilities (UTI), Consumer
Discretionary (CON), Communications (COM), and Government. We
use level 2 BICS to split green bonds issued by the Government sector
into 3 groups according to specific industry: Supranationals (SUP), Gov-
ernment Development Banks (GDB), and Governments (GOV) which
merges Government Agencies, Government Regional, and Sovereign in-
dustries.

EPSHigh =1 if issuer’s Environmental Pillar Score, retrieved from yourSRI
database, lies within the top quartile of all issuers in the final sample.

EPSLow =1 if issuer’s Environmental Pillar Score, retrieved from yourSRI
database, lies within the bottom quartile of all issuers in the final sample.

CountryRiskLow =1 if the risk from natural disasters in the regions of the issuer’s oper-
ations lies within the bottom quartile (i.e. low risk) of all issuers in the
final sample. Data are retrieved from Standard & Poor’s Country Risk
Atlas.

CountryRiskHigh =1 if the risk from natural disasters in the regions of the issuer’s opera-
tions lies within the top quartile (i.e. high risk) of all issuers in the final
sample. Data are retrieved from Standard & Poor’s Country Risk Atlas.

SectorRiskLow =1 if the issuer’s relative sector environmental risk lies within the bottom
quartile (i.e. low risk) of all issuers in the final sample. Data are retrieved
from Standard & Poor’s ESG Risk Atlas.

SectorRiskHigh =1 if the issuer’s relative sector environmental risk lies within the top
quartile (i.e. high risk) of all issuers in the final sample. Data are
retrieved from Standard & Poor’s ESG Risk Atlas.

Non-EUR/USD =1 if the green bond’s currency of denomination is other than EUR or
USD.

SPO Bond =1 if a green bond obtained a Second Party Opinion.

SPO Framework =1 if a green bond is issued after its issuer’s green bond framework
obtained a Second Party Opinion.

Assurance =1 if a green bond obtained a reasonable or limited assurance from a
third-party provider.

Certification =1 if a green bond was certified by the Climate Bonds Initiative.

Audited UoP =1 if a green bond obtained a post-issuance reasonable or limited assur-
ance on its use of proceeds report.

Continued on next page



B. Variables Definition VIII

Table B.1 – Continued from previous page

Variable Description

Audited Impact =1 if a green bond obtained a post-issuance reasonable or limited assur-
ance on its impact report.

1GBIssuance =1 if only 1 green bond had been issued by an issuer as of January 31,
2020.

Finance =1 if green bond’s proceeds are used to finance new environmental
projects.

Refinance =1 if green bond’s proceeds are used to refinance existing environmental
projects.



Appendix C

Results: Complementary Tables
and Figures

Table C.1: Testing significance of effects in stage 1 regression model

Panel A shows the statistical tests performed to confirm that a fixed effects esti-
mation of the model ∆yi,t = β0 + β1∆CPQSi,t + ϵi,t is preferred to pooled OLS.
Panel B shows the results of the Hausman test for fixed vs. random effects. The
table reports test statistics and respective p-values.

Panel A: Tests for individual effects in panel models
H0: No individual effects

Statistic p-value
F Test 103.13 (df1 = 93, df2 = 42,522) <2.2e−16
Honda test 573.76 <2.2e−16
Breusch-Pagan test 329,198 (df = 1) <2.2e−16

Panel B: Test for random effects
H0: Both RE and FE are consistent but RE asymptotically more efficient

Statistic p-value
Hausman Test 2.365 (df = 1) 0.1241



C. Results: Complementary Tables and Figures X

Table C.2: Statistical tests of stage 1 model residuals

Panel A shows the statistical test performed to examine if the idiosyncratic com-
ponent of the error term ϵi,t in the regression model ∆yi,t = β0+β1∆CPQSi,t+ϵi,t

satisfies the assumption of homoskedasticity. Similarly, panels B and C show the
results of the tests for serial correlation and cross-sectional dependence, respec-
tively. The table reports test statistics and respective p-values.

Panel A: Test for heteroskedasticity
H0: Homoskedastic residuals

Statistic p-value
Breusch-Pagan test 1,155.1 (df = 1) <2.2e−16

Panel B: Tests for serial correlation
H0: No serial correlation in idiosyncratic errors

Statistic p-value
Breusch-Godfrey test 6,458 (df = 81) <2.2e−16
Wooldridge test 6.4457 (df1 = 1, df2 = 42,521) 0.01113
Durbin-Watson test 1.7577 <2.2e−16

Panel C: Tests for cross-sectional dependence
H0: No cross-sectional dependence in residuals

Statistic p-value
Breusch-Pagan LM test 56,922 (df = 4,371) <2.2e−16
Pesaran test −3.0843 0.00204



C. Results: Complementary Tables and Figures XI

Figure C.1: Density of estimated green premia



C. Results: Complementary Tables and Figures XII

Table C.3: Estimated green premium by subsamples

This table summarizes the mean value of estimated green premia (αî) across green
bonds in the final sample, broken down by principal currency, bond rating, and
issuer’s sector. For each subsample, number of green bonds gives the total count
of green bonds represented, and number of observations gives the cumulative
number of bond-day observations. Mean α̂ is the average green premium for
a given subsample. P-value indicates the evidence against H0: α̂ = 0 of the
Wilcoxon rank sum test which is performed on subsamples including 10 and
more green bonds.

Subsample
Number of

green bonds
Bond-day

observations
Mean α̂

(bps)
p-value

Financial 30 13,665 −0.96 0.3285
Supranational 25 10,400 −1.15 0.3254
Government Development Banks 20 9,190 −0.81 0.4304
Government 9 3,439 −0.37 –
Utilities 5 3,674 −1.64 –
Consumer Discretionary 4 2,082 −1.78 –
Communications 1 167 −1.80 –

EUR 39 18,241 −1.24 0.1206
USD 30 14,169 −0.87 0.3285
SEK 10 3,584 −0.45 0.3223
AUD 4 2,501 −0.32 –
HKD 4 1,474 4.03 –
CHF 2 1,596 0.55 –
GBP 2 251 −0.10 –
CAD 2 199 −7.15 –
INR 1 602 −6.32 –

AAA 44 17,518 −0.99 0.2034
AA 17 9,259 0.24 0.89
A 18 8,977 −0.8 0.6397
BBB 14 6,275 −3.25*** 0.0031
BB 1 588 1.23 –

Total sample 94 42,617 −1.12** 0.01202

Note: p < 0.1*; p < 0.05**; p < 0.01***.



C. Results: Complementary Tables and Figures XIII

Table C.4: Results of Bayesian model averaging

This table shows the BMA estimates and related summary statistics. Posterior
inclusion probability is a sum of all posterior model probabilities where a respec-
tive variable was included. Conditional posterior sign is the posterior probability
of coefficient’s sign being positive. We employ a Bayesian model with a uniform
prior on model probabilities, and we use the common default approach of a ‘unit
information prior”, which sets g=N commonly for all models. Following Fernan-
dez et al. (2001), reported results are based on a run with 2,000,000 drawings
after a 1,000,000 burn-in.

Regressor
Posterior inclusion

probability
Post
mean

Post standard
deviation

Cond. posterior
sign

Assurance 0.763 −0.021 0.015 0
EPSLow 0.673 −0.017 0.015 0
Finance 0.61 −0.016 0.016 0
BBB 0.326 −0.007 0.012 0
Certification 0.311 0.007 0.012 0.988
AuditedUoP 0.279 −0.005 0.01 0.016
AA 0.221 0.004 0.009 0.989
SPOBond 0.208 −0.003 0.008 0.001
CountryRiskLow 0.194 0.003 0.007 1
Refinance 0.184 0.002 0.007 1
CountryRiskHigh 0.134 0.001 0.006 0.76
SPOFramework 0.125 0 0.004 0.636
FIN 0.123 0 0.005 0.361
SectorRiskHigh 0.117 0.001 0.006 0.804
SectorRiskLow 0.116 0 0.004 0.638
EPSHigh 0.116 0.001 0.004 0.886
UTI 0.112 −0.001 0.007 0.063
A 0.109 0 0.004 0.704
AuditedImpact 0.108 0 0.003 0.111
CON 0.107 0 0.008 0.451
EUR 0.107 0 0.003 0.332
1GBissue 0.105 0 0.004 0.695
USD 0.103 0 0.003 0.825
IssueAmount 0.102 0 0.001 0.812
Maturity 0.101 0 0 0.693

Mean no. of regressors 5.4519
Correlation posterior model probability 0.9983
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