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Abstract

The green bond market is emerging as an impadtfah€ing mechanism in climate change mitigation
efforts. Studies investigating this market haveeeded the notion of a ‘green premium’ or ‘greeniumithin
green bond pricing, including insights into infliieh characteristics and drivers that govern it.wdwer,
methodological heterogeneity among these studissrdwulted in general ambiguity regarding a congens
over the existence of the green premium. This reBeaddresses this gap through a systematic lierat
review with the aim of establishing a consensushenexistence, or nonexistence, of a green prenmuiime
green bond market. The review examines studiesghga between 2007 and 2019. A ranking of the green
bond characteristics most likely to exhibit a grggemium is organised, including a framework ofvishg
factors. The findings confirm a consensus on thistexce of a green premium within 56% of primarg an
70% of secondary market studies, particularly Farse green bonds that are government issued, meast
grade, and that follow defined green bond goveraaard reporting procedures. The green premium svarie
widely for the primary market; however, an averggeenium of -1 to -9 basis points on the secondary
market is observed. Overall, our findings highligié crucial role of strengthening environmentaf@rences
amongst bond market participants; including imgiaas for bond pricing theory, by suggesting thatufe
bond pricing should consider noneconomic motiveseéstors, such as environmental preferences;fand,

future growth implications as a catalyst towardsfihancing of climate change mitigation effortsluglly.

Keywords: Green Bonds; Green Economy; EnvironmeRistt; Socially Responsible Investment.

Highlights:

e Systematic literature review investigates a consepns a green premium in the green bond market.
« Drivers of the green bond premium are investigated.

* Bond characteristics most likely to exhibit a grgeamium are organised and ranked.

« A consensus is established on the green premiuhirwgteen bond prices.



1 Introduction

The global green bond (GB) market has emerged @eraising avenue for financing a transition to a
lower-carbon, resilient economy (Banga, 2019).He four years leading up to 2019, global GB isseanc
recorded a fivefold increase, reaching over US$ [@8ion annually (CBI, 2019), and they are expecte
reach US$ 1 trillion per year by 2030 (Fatin, 20I8)e explosive growth of the market has demoresrat
clear unified momentum towards pro-environmentafgnences for both bond issuers and investors. ke
bullish is this sentiment, that evidence has emktrfea ‘green premium’, or ‘greenium’ (the terme aised
interchangeably), which is defined as the diffeeehetween the yields on a conventional bond (CH)aaGB
with similar characteristics (Agliardi & Agliard2019). A ‘greenium’ implies that the yield an int@sis
willing to accept for a ‘green’ asset is lower thiwat of conventional counterparts. In the primargrket,
where new bond issuances are offered to the mdheste price differentials would be represented fvigher
price for a GB than for a CB on the issue price.t@msecondary market, after bonds have been istumd
are traded freely on the open market and are dutgjgarice movements. In other words, the preserice
negative greenium in either primary or secondaryketa would imply that a GB is trading at a loweslg
(or higher price) versus a CB of similar charastess; this means that a pro-environmental investmuld be
willing to accept a lower yield by the issuer inck&nge for the opportunity to invest in a greeeraktive.
For investors, this notion suggests nonfinancialklies evident through a deeper exploration ofdheers of
the green premium, which are addressed in thig/stal issuers, the implementation of projects Wwharget
environmental action is rewarded through a lowest @d finance. The capitalisation of pro-environmna¢n
investor preferences offers an important catalystatds delivering the estimated US$ 46 trillionaéstment
required to avoid ‘dangerous’ impacts of climatamie, considered to involve a 2-4.5 °C rise in glob
average temperature by 2050 (OECD, 2017; Sherwbal, €020). Since 2007, the GB market has dedver
a cumulative US$ 512 billion towards green asséBl,(2018), and is expected to continue to make

substantial contributions to this end (Fatin, 2019)

As the GB market has developed, the quantity efdiure examining GB pricing and characteristics ha
grown. Literature investigating the green premiwndiverse, employing unique methodological, control
variable(s) or data sampling differences, whichengsulted in general ambiguity regarding a conseoser
the existence of a greenium in the GB market. liddially, these studies offer crucial insights imptdcing
differentials of green versus conventional bondsveli as the drivers governing these price diffesmn
Taken together, a consensus can be assessed, hdscpreviously been absent in the literature. [Euarth
insights can also be assessed, including the GBactaistics that are commonly associated with eemgr
premium and broader driving factors governing temand for GBs. This study therefore seeks to addnes

research gap through a systematic literature rewath the aim of identifying, synthesising, andaeining



studies that claim the existence (or nonexisteat#)e green premium in the primary and secondaagkets.

The review provides insights into the followingdbrfundamental questions:

1) What are the driving factors for the demand of grd®onds, from social, economic, and
environmental perspectives?

2) What is the consensus on the existence of a gm@ewithin the primary and secondary green bond
markets?

3) Which green bond characteristics most commonlylekhigreen premium?

To address these three research questions, thdg fitst engages with existing literature to propas
framework of the driving factors and detractorsgyonng the demand for GBs and the propensity fgrean
premium. These factors are organised into soc@n@mic, and environmental drivers which are either

stimulating or detract from pro-environmental prefees for GB issuers and investors globally.

Second, a review of 15 peer-reviewed academic raahabsiry studies, which focus on an analysis ofgtieen
premium, is undertaken to derive a novel, broagthasonsensus on whether a greenium exists in these
studies, and by what margin. The scope includesrgépat investigate both private and public GBasges,

and those published between 2007 and 2019. Matlyeske studies engage global datasets, which draw on
both developed (Baker et al., 2018; Gianfrate &i,F2019; Karpf & Mandel, 2018) and emerging markets
(Bachelet et al., 2019; Nanayakkara & Colombagd920ang & Zhang, 2018). The inclusion of emerging
market data is particularly relevant for the imations of this study with regards to engagemenh \git
global, generalised narrative on the state of tleeaBd also regarding future implications. Recen®g
issuance has shown the most growth in emergingetadnd non-traditional currencies such as thedshin
Yuan Renminbi (CNY) (Chiesa & Barua, 2019), althlowg significant portion of studies are based on the

European and US bond markets.

Lastly, the circumstances in which the green premimost frequently arises are investigated. Obsienat
from the systematic literature review are group®d data sample characteristics, which are orgdriise
subgroups that include the study timeframe, bopd,tgredit rating, and governance. Furthermoré&jential
bond characteristics are organised and ranked usingprrelation analysis to reveal green premium
determinants.

The review highlights the crucial role of strengtimg environmental preferences amongst bond market
participants and the institutions that support thémr both issuers and investors, environmentalakoc
governance (ESG) objectives are increasingly mitigabusiness decisions, particularly as the bénefi
social and environmental capital—gained from ethicevestment practices—increasingly align with

economic objectives. The findings of this paperficonthat there is value in the ‘green’ bond labitle



majority of studies in this review confirm the erisce of a green premium in primary and second®y G
compared with their CB counterparts—particularly bonds trading on the secondary market. Furthezmor
this study finds that bond governance charactesistsuch as adherence to recognised GB certificatio
standards, and the engagement of a third-partgwevito validate and report on the use of GB prdseare

essential factors driving the green premium.

These findings have significant implications forvgmments, industry, and the future growth of tHg G
market in general. The presence of a green prenmuthe primary and secondary markets demonstrates
strong investor demand in pro-environmental preje@sulting in plausible financing benefits. Foademia,

this research has implications for bond pricingptigeby suggesting that future bond pricing showddsider
noneconomic motives of investors, such as enviromahepreferences. GBs offer an investable medium
which connects investors’ willingness to act ormelte change, despite being at a marginal cost, avith

practitioner’s ability to deliver cleaner productio

The remainder of this paper is organised as folldvestion 2 provides an overview of the maturing GB
market, regulatory developments, and narrativetherevidence for the green premium. Existing liemis
organised into a framework of the key drivers @& treen premium. Section 3 presents the methodabgy
the study, outlining the steps of its systematirditure review. Section 4 establishes the resiilise review
and engages with a discussion on the implicatiéiseofindings. Finally, Section 5 concludes th@grawith

a discussion of research implications and futurekwo

2 Background

2.1 The maturing green bond market

The introduction of the first GB in 2007 was tharsbf a formalised process to connect capital etarto
‘green’ investments with measurable, and oftenfieet] environmental outcomes. GBs are a relatively new
type of bond, defined by the International Capiédrkets Association (ICMA) as “any type of bond
instrument where the proceeds will be exclusiveipli®d to finance or re-finance, in part or in fullew
or/and existing eligible green projects” (ICMA, B8a). This means environmentally or climate-friendly
projects, such as renewable energy, green buildiclgan transportation, sustainable waste managemen

sustainable land use, biodiversity, and clean waguwstainability’ bonds and ‘social’ bonds havescal

! Third party verification is emerging as a standard on many new Green Bond issuances. Proceeds are tracked and reported upon. There are
developing standards through the Climate Bonds Initiative and the International Capital Management Association, among others (ICMA, 2018a).



emerged, which co-exist with GBs following a similaocially responsible’ mandate; however, they dav
different focuses such as food security, afforddibeising, and access to essential services forifispec
population groups. This paper focuses on GBs, andially how they perform within the primary and
secondary bond markets versus comparable convaehtimmds, in addition to the factors governing rthei

growth. The literature review focuses on sourcesfacademia and industry.
2.2 Regulatory maturation

The momentum of continued issuance and market dérhas led to a growing consensus on what
constitutes a GB (ICMA, 2015); however, the laclsg$tematic rules and standardisation of greemidiefis
Is a shared and enduring source of concern citggablycipants in the market. Issuers face reputatioisk
from ‘greenwashing’ if proceeds are not used feirtintended purposes or if issuers are unabledeepthat
proceeds directed to projects are having a posaixeronmental impact (KPMG, 2015). Early GB isstes
were largely self-reported, and therefore lackeshrcltypologies on their ‘greenness’ (Kidney, 2019).
response, there has been a market-led effort telojea standardised approach to assessing th@eméntal
integrity and impact of GBs. Voluntary market-lgdtiatives including the ‘Green Bond Principles’ BB)
promote transparency in the disclosure of bond geds. Initiatives such as the ‘Climate Bonds Stafida
administered through the Climate Bonds Initiati@B(), outline certification procedures for GBs. Ratl
guidelines have also emerged, such as China’s fBemd Assessment and Verification Guidelines’taf t
People’s Bank of China and China Securities RegnlaCommission; the European Union (EU)’'s ‘Green
Bond Standards’ of the EU High-Level Expert GroupSustainable Finance; and the Green Bond Standards
of the Association of Southeast Asian Nations (ASEEAEngagement of second- and third-party verifiers
who assess and report on GB asset allocationscieasingly common among certification guidelinese T
number of bonds issued alongside external review ihareased from 53% in 2014 to 83% in 2018.
Regulatory maturation has been a critical factoiproving data consistency among GB studies (Bour,
2019).

2.3 Evidence of the green bond premium

The maturation of the market has enabled marketrgbes to investigate GB characteristics, partityla
with the emergence of GB indices that improve thality and availability of GB data; the first wagadable
in 2013 by the CBI, followed by Bloomberg in 204d then the later additions of ‘Cbonds’, ‘Dealdgind
‘Environmental Finance’ in 2015 (ICMA, 2018b). Tleedatabases have provided a basis for much of the
academic literature and are the primary sourceatd for GB-related studies. The application of ¢sinat
data sources and samples has led to robust andcacalbfg studies which have focused on specific aitsra

GB characteristics.



Early investigation into the existence of a GB giam was predominantly led by industry. Barclayaka
examined yield differentials of a broad global séegerived from the Bloomberg Global Green Bondekd
The study examines the secondary market betweenohvEf¥14 and August 2015. An ordinary least squares
(OLS) regression of the credit spread that decosmgpasmmon risk factors points to a negative prenofim
17 bps (Preclaw & Bakshi, 2015). HSBC (2016) andoBiberg (2017) follow with their own investigations
employing different methodologies and samples. H$BAs no green bond premium (HSBC, 2016), whilst

Bloomberg finds a negative premium in EUR-denon@dajovernment bonds only (Shurey, 2017).

Building on earlier studies (Baker et al., 2018;ttG& Florio, 2018), Zerbib (2019) quantifies ‘pro-
environmental’ preferences evident in bond priceagia matching method, and subsequently applie®-a
step regression procedure to compare yield spreetigzen green and conventional bonds in the segpnda
market. A negative premium of 2 basis points (dpsjound across a sample spanning from July 2013 to
December 2017 (Zerbib, 2019). The negative prenigumore pronounced for financial and low-rated ®nd
Elhers and Packer (2017), however, do not notepsicg premiums in their secondary market analysis,
they do find a price premium for GBs in the primamarket (Ehlers & Packer, 2017). Similarly, in adst
employing different control variables on a wider gedata (2007-2017), Tang (2018) finds no pricmpum
when using a yield spread analysis between the d$ssnéng firm in the same year, although in a broad
sample finds that GBs are issued at a yield sppetibps lower than corporate bonds issued by airfiiims
(Tang & Zhang, 2018). Evidence from the US munici8 market suggests that the green premium is a
more recent phenomenon. Examining the yield cuifva large dataset of US municipal bonds, Karpf and
Mandel (2018) find that overall, the yield curve@Bs are systematically below CB vyields (Karpf & hdizl,
2018).

As part of the maturation of the GB regulatory eoninent, GB disclosure costs, or ‘green transaction
costs’, have been an initial concern in the develamt of the GB market (Febi et al., 2018). The @ten
Bonds certification process, for instance, adddscos approximately 0.1 bps. The engagement ofira-th
party to verify asset allocations and reportinguregments is also required at additional cost. dtalt

voluntary reporting costs are reported to be apprately 0.5-3 bps (Kidney, 2019).

A review of emerging literature examining GB pnigireveals a broad base of useful observations to
obtain a greater understanding of the GB premitsndiivers, and the GB characteristics that detsenit.
The initial evidence suggests a confirmation of ékestence of a green premium on GB prices; however
consensus is required. The present study addréisisegap through a systematic literature reviewjctvh
organises individual studies that have investigétedGB premium to deliver a generalised conseonsau$e
green premium, as well as the plausible drivingdizcand GB characteristics most commonly assatiatth

the green premium in bond pricing.



2.4 Driversof the green premium

Recent literature has focused on determining dsivelr the growth of the GB market ; however,
investigations into the drivers of the green pramiwsing a systematic approach, are largely abrettie
literature. This study proposes a framework of ¢hdavers based on literature that has investig&gd,
which is organised into comcial, economic, andenvironmental factors. These factors have been found to
influence GB versus CB pricing characteristicsha primary and secondary bond markets.

Environmental
Factors

Green Bond
Premium

Saocial Factors

&>

\

Figure 1. Drivers of the ‘green premium’ for bomdéstors and issuers.

24.1 Social drivers

In broad terms, the growth of the GB market coiasivith an increasing trend towards corporate kocia
responsibility (CSR) practices among public and/igig organisations (Febi et al., 2018), and areasing
demand for socially responsible investment (SRHdpcts amongst investors (Maltais & Nykvist, 2020).
These trends compliment the growth of the socidlsarstainability bond markets, which co-exist viith GB
market, to promote positive change in society deddnvironment. ESG criteria, which are relatedhdth
CSR and SRI objectives, have been gaining trad®ra measure of firms’ approach to collective issue
deemed important to society. Such issues incluidews on a firm’s approach to environmental stewsfaipul
of nature; social issues including human rights digersity; and issues of governance, which include
management structure and employee relations amibrayso A 2018 report surveying over 500 respondents

finds that almost 90% of institutional investorsrigavide changed their voting or engagement poligiethe



previous 12 months to pay more attention to ESGsidanations (Endelman, 2018). As of 2018, US$11.6
trillion of all professionally managed assets, casipg US$1 of every US$4 invested in the Unitedt&x,
were under ESG investment strategies. Climate @hamtjgation in particular was amongst the topecidt

for institutional money managers, who specialisenianaging the securities portfolios of institutibna
investors (US-SIF, 2018).

Ethical or SRI practices aim to support sociallypdd’ enterprises, which increasingly encompass
initiatives that support climate change mitigatefforts. SRI is not a new concept, having origimgewish,
Christian, and Islamic traditions, although moreergly being driven by government regulation . §£arl
examples date back to medieval Christian beliefsckvimposed ethical restrictions on loans basedhen
Old testament. In the £7Century, Quakers settling in North America refusegrofit from the weapons and
slaves trades. The T9century saw publicly led initiatives by social @stors, taking a stance against
profiteering from war, alcohol, tobacco, gambliagd social injustice among others. Social drivergards
environmental sustainability gain traction from &9&oinciding with the Chernobyl nuclear power plan
disaster as well as the Exxon Valdez oil spill, ohéhe worst environmental disasters in US historyecent
times, government-supported initiatives in the farhan SRI regulatory environment have helped tilitate
the growth of the market, particularly for institutal investors (such as in pension, sovereign tweahd
insurance funds). These initiatives have includedatiened product disclosure requirements and tax
concessions for market participants pursuing SiRtatlves (for a comprehensive list see (Rennebaoad. e
2008)). Investment products that violate the caeslence of SRI principles, so-called ‘sin’ stodkaye less
institutional ownership because they are subjesbtietal norms (Hong & Kacperczyk, 2009). Hedgedf

and private capital are less represented, alththeghare increasingly subject to these expectations

Related to these trends is the emergence of ‘éth@asumerism’, evident in the propensity for some
individuals to rationalise purchase decisions, eatea greater cost, increasingly aligned with emvinental
concerns according to personal values (Gupta, 200% societal norm of questioning the environmienta
sustainability of the status quo and a common amgeon the threat of global climate change areadnly
driving an increasingly imbued sense of personalatabligation amongst market participants. As wlial
representatives of the primary institutions thatmpdse modern society, namely government, corporate
institutions, and investors, it is expected that plush and pull factors facilitating the supply aletinand of
climate-aligned investments will grow. Bollen (2Q0@&fgues that investors may have a multi-attrituiiéy
function, which is not only based on the standasé-reward optimisation but also incorporates adfet

personal and societal values (Bollen, 2007).

GBs offer a medium for convergence between orgaaisa# capital-raising for CSR-related objectives

and SRI interests, particularly towards environrakronsiderations. Arguably, the motivations of GB



participants are not entirely altruistic. It coub@ argued that GBs offer market participants a akegf
community recognition and reputational prestigesd&sation with GBs, for both the issuer and investo
offers a degree of social capital. Although soca&ital as a concept is difficult to quantify, go& economic
effects have been found for corporate firms hightgaged in CSR- and/or ESG-related activities, whie
discussed in more detail in the next subsectiom flitdings of this paper confirm that investorsueathe

green label as well as its associations with tlegasoapital gained from ethical investment praetic
2.4.2 Economicdrivers

Economic drivers of the GB premium have been well established @ literature, and have been
largely attributed to the undersupply of green-igoeinvestment products, particularly as growingerest
has resulted in a scarcity premium for green issliee demand-side growth of GBs is evidenced by the
frequent oversubscription of new GB issuances dpbaarticularly where tax incentives are in place
(Burton, 2018; Siswantoro & lop, 2018). In the Usmtipal bond market, for example, GBs sellinghe t
primary market are oversubscribed by more thanethmaes on average (Burton, 2018). In India, some
concessions in the form of tax exemptions have leeoduced to stimulate the domestic demand fos GB
The tax-free bond issued by the Indian Renewablerdgyn Development Agency Limited in 2016 was

oversubscribed by more than five times (AgliardAgliardi, 2019).

In addition, GBs have been found to offer divecsifion benefits, and therefore lower risk for bond
investors (Daszynska-Zygadlo et al., 2018; Pharh62Beboredo & Ugolini, 2019). In a 2012 study,ridest
al. find that GBs exhibit a low correlation withhetr fixed income securities and therefore provide
diversification benefits to investors (Inderst et 2012). Preclaw and Bakshi (2015) suggest tHzd &re less
risky or volatile than CBs, particularly when aligg the tighter spreads with risk-adjusted retui®isice
long-term investors are well represented within @& market (Hong & Kacperczyk, 2009), their presenc
may imply lower liquidity among GB issuances, ahdst price stability (Preclaw & Bakshi, 2015). Irieet,
mitigating for negative influences of ‘short-terthi;ivestment behaviour which has led to problemasset
price bubbles within financial markets (Callen &lga2013; Croce et al., 2011).

For issuers, firms that are highly engaged in C&Rehbeen found to achieve favourable stock returns
(Derwall et al., 2005; Kempf & Osthoff, 2007; Kon&rCohen, 2001). Similarly, these activities hdeen
found to enable firms to benefit from a lower coktequity capital (Dhaliwal et al., 2011; El Ghaetl al.,
2011). In one example, Tang (2018) finds that caf@announcements of an upcoming GB issuance have
positive effects on that corporation’s stock prjaesulting in a cumulative abnormal return withih days of

the announcement (Tang & Zhang, 2018).

2.4.3 Environmental drivers

10



Lastly, environmental drivers are proposed, which are more broadly associated lwith economic
and social drivers. In theory, GBs offer a meanslémonstrate a proven and measurable impact (throug
third-party verification) towards environmental cemns in a way that resonates with ESG reporting
principles. They offer a means for mitigating bra@avironmental risk concerns (Clapp, 2018), althotingse
are difficult to quantify because they are accraelllectively. As part of corporate ESG reportingtenia,
GBs offer synergies with carbon-reporting requiratagwhich can be more directly associated witbréifto
mitigate environmental impacts and climate chahmgeestors are better able to enact targeted clinizege
mitigation efforts because GBs are invested indewange of environmentally beneficial assets,iranfyjom
solar power generation to ‘green’ affordable hogsjMacAskill et al., 2019). Studies note that vaamg
nonfinancial disclosure of proceeds is an imporfantor in governing market prices for GBs; thecimg
benefits often exceed the cost (Baker et al., 268 et al., 2019). For example, Hyun (2019) firlalat
GBs that engage an independent third-party revieeport a 7 bps green premium. This green premaim i
more pronounced (i.e., 9 bps) for GB issuances Wwith an independent third-party reviewer as wsll a
certification through the CBI. Evidence from thgpart of nonfinancial disclosure suggests thatstwes and

issuers alike place a high value on ESG impactrtieygo

Collectively, these social, economic, and environtakedrivers have supported the development of the

GB market and the green premium.

3 Methodology

A systematic literature review is the primary metblogy for this study. A systematic review “aims to
comprehensively locate and synthesise research bats on a particular question, using organised,
transparent, and replicable procedures at eachirstdye process” (Littell, 2008; Stechemesser & @hber,
2012).

The review draws upon previous studies which fogpscifically on analysing and identifying pricing
discrepancies of ‘green’ versus comparable ‘coneeat’ bonds of similar characteristics. The method
follows a three-step process (Fink, 2010). In it Btep, key research questions, databases,pgmdpaiate
search terms are refined. Steps two and three\iavetreening criteria for both practical critergu@y
timeframes and sources) and for methodologicalesing criteria (methods and paper focus). Thegasste

dictate which resources are included and excluded the sample.
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3.1 Sudy process
311 Sep 1. Research questions, databases, and appropriate research terms

A systematic approach to search terms is estallishensure appropriate content matching relevant t
our research question. Journal articles and ingusfports published within the 2007-2019 period ¢as
October 1, 2019) are the primary focus. The searitbria favour a broad keyword: ‘Green Bond'. hist
way, all relevant literature can be screened wédeking to mitigate the effects of confirmationsbi#t is
found that papers apply different terminologieptizing asymmetries, since not all papers expliaie the
‘greenium’ or ‘green premium’ label. The scholadgtabases used in this study are Scopus, Web endgi
and Google search. Where applicable, industry tedoequently cited in the literature are includadthe

review. The search results are limited to artichethe English language.
312 Sep2: Practical screening criteria

Peer-reviewed journal papers with a robust methagotake priority in the review; however, a rande o
sources including book chapters, conference praocgednews articles, and reputable industry anslysi
reports are used (typically published by major agkinstitutions). In total, 96 journal articles cari6
targeted industry reports are considered underirtii@l scoping criteria. The screening methodoldgy

visualised in Figure 2.

12



Academicrecords identified
through database searching
(n=125)

Scopus: 86;

Non-academic records

identified through web

search and references
(n=16)

Web of Science: 39

pr— v

Records after duplicates
removed <
n=96+16

v

Records screened
n=112

Records excluded
Out of scope title/abstract
n=78

o>

o v

Full-text excluded
—» Review papers for drivers only
n=19

Full-text articles reviewed
n=34

p— v

Full-text articles focusing on
the green premium
n=15

Observations
extracted from
full-text articles

Total observations included
n=30

v

Content analysis and
integration

A

Figure 2. Systematic review methodology

Broad drivers of the green premium are informe@#yull-text articles, which are assessed for bligy

in the final review. These articles provide uséffigsights into broader narratives related to thegneremium;
however, 19 are excluded from the final analysislyGstudies that examine GBs in the primary and/or
secondary market and provided quantitative resuttseligible for inclusion. In total, 15 full-teztticles are
included in the final analysis. Several articlearaine the greenium characteristics of GBs matchidd @Bs
under differing scenarios, controlling for effestech as size, rating, alignment with GB principbasq third-
party verification, among others, within the primaand secondary markets; these articles offer akver
relevant ‘observations’ that are carried forwardve&al papers provide multiple observations of GiBimpg
characteristics under varying control variableslata samples (primary and secondary market dathgréV

this analysis is supported by a robust analysiesehrelevant findings are carried forward as sépara
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observations in our sample. Through this procesgtal of 30 observations are included to derive th

consensus.
3.1.3 Sep 3. Methodological screening criteria

The review broadly focuses on peer-reviewed agithat specifically examine the pricing differelttiaf
green bonds compared with conventional bonds aadate also able to answer the fundamental research
question of this paper, namely whether a green ipraris evident. Governing factors found to be intpar

GB growth are also noted.

Studies examining the green premium in the primmagrket use a basket of comparable issuances to
graph a yield curve. Through this, pricing diffetials can be determined for GBs versus CBs in Hraes
basket. Within secondary markets, a common metloggoemploys an ordinary least squares (OLS) or
generalised least squares (GLS) regression usxeg effects (FE) applied to time series data. Aléve
approaches to time-varying correlations include diggamic conditional correlations (DCC) method. DCC
techniques are widely applied for the analysis afyddata. Bond yield, maturity, issued amountjnigt
group, and currency are common independent vagalded in OLS and GLS regressions. Data limitations
are noted when comparing studies that apply heteimgs methodologies, data samples, and control
variables; however, the aim of the methodical stregcriteria is to be subjective toward the cosius of

each study.

No single methodology nor control variable is fasm in this review—control variables are
important determinants in each study. These arednas a data limitation of the present study aed ar
outlined in the next section. Of the empirical wodn GBs analysed in this paper, many are focused o
estimates of the GB premium and its relationshifhwbnd characteristics such as rating, issued atnou
governmental versus nongovernmental issuer, ligyidir volatility. This review aims to more simply
examine whether a premium exists and under whalittons. Article conclusions on spreads and under
what conditions are noted (i.e., GB with third-paverification vs. CB benchmark, GB labelled vs. CB
benchmark). Where a basis point yield differensaound, the median result amongst the articlepdam

is carried forward. Studies that show no statiss@mnificance are also carried forward.
3.2 Sampleoverview

Whilst the literature examining the GB market il $b its infancy, broad and robust subsets of key
characteristics exist for comparison. Specificallfferent data samples can be clustered and cedpzased

on categories such aBmelines, sector samples (corporate, municipal, or both)ssuer (same or mixed),
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location (emerging or developed markets), and specific @Beghance characteristics such as adherence to

the GBP, CBI Certification, and whether samples includéhard-party assessment.

Broadly, the timeframe is well studied. Sampleshis study range from the inception of the GB marke
in 2007 to 2019. An average time sample timefrafr years’ worth of bond market data points is ysedi
2015 is the most studied year for the GB marketudi®s beyond 2013 yield the greatest number of

observations in the literature, which is attributedyreater data availability on GBs through coemgpiindices

from this year. As noted, the first becomes avéslat 2013 from the CBI, followed by Bloomberg i014,

and then the later additions Cbonds, Dealogic,Eamdronmental Finance in 2015. An overview of tlapers

examined in this systematic literature review isgented in Table 1.

Table 1 - Literature investigating the green borehpum.

Author prSr:ﬁSrm’P Description
(Agliardi & Yield curve comparison to assess green bond peafoce over time from 1 corporate
Agliardi, Yes EU utility provider. 338 observations are assedsemh the issuance date in 2017. 1
2019) secondary market observation is carried forward.
A global sample of 89 private and institutional Hazouples were assessed controlling
(Bachelet et Mixed for bond characteristics. Ordinary Least Square&S)Oand Fixed Effects (FE)
al., 2019) regression methodologies were used. The time frafribe study was between 2013-
2018. 3 secondary market observations are camwmeafd.

(Baker et al A US sample of 2,083 green municipal bonds issuetivéen 2010-2016 and 19
2018) ” Yes corporate green bonds issued between 2014-2016esaenined using an OLS
regression. 3 secondary market observations aneddorward.

(PE:ZT(I;;V & Yes A global dataset of green bonds issued between-2018 are assessed using a OLS

2015)’ regression. 1 secondary market observation isechforward.

(Bour, 2019) Yes

The yield spreads of a synthetically matched glshahple of 536 bonds were analysed.
The sample examined performance over the 2014-2@t®d. 1 secondary market
observation is carried forward.

(Harrison,

Yield curve comparison of 61 EU and US green bassised in the first half of 2019. 3

2019) Mixed primary market observations are carried forward.
(IEDZSIin& Yes Analysis of the credit spread on issuance of asesestion of 21 EU and US green
2017) ' bonds between 2014-2017. 1 primary market obsenvaicarried forward.
(Gat'q & . Investigated issue spreads on a broad sample ob@dé couples between the 2007-
Florio, Mixed 20 iod . ket ob . b d
2018) 15 period. 3 primary market observations argexaforward.
(Gianfrate & European (EU) focused study score matching a bsaatple of 121 green bonds issued
Peri, 2019) Yes between 2013-2017. 2 primary market and 1 seconaamket observations are carried
' forward.
(Hachenberg Analysis of the i-spreads (using a yield curveasstn a global sample of 617 matched
& Schiereck, Mixed corporate bonds between 2015-2016. 4 secondary emnarfservations are carried
2018) forward.
A global dataset of 60 green bonds, paired withttsstic conventional counterparts.
(Hyun et al., Yes Yield-spreads and regression (fixed effects andsszsectional) methodologies were
2019) used. The sample included 1,365 bond-month obsensatbetween the 2010-2017

period. 3 secondary market observations are caioiseard.
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A large sample of 1,880 US municipal bonds weressed between the 2010-2016,

(&;ng‘ No using the Oaxaca-Blinder decomposition method. Sthdy noted observations in latter
2018)’ years trended towards a green premium. 1 seconuarket observation is carried
forward.
(Nanayakkar A mixed, global dataset 82 green bond issues reptieg 52 companies in 25 countries
a& Yes formed the basis of the study. Bonds were matcimedcampared using a panel data
Colombage, regression over the 2016-2017 period. 1 secondaaykeh observation is carried
2019) forward.
(Tang & lobal d i i el b h
Zhang Mixed A globa ataset of 665 corporate_lssuances aren etween the 2007-2017
2018), period. 2 secondary market observations are caioieard.
A global study of 110 green bonds following a matghprocedure and a two-step
(Zerbib, Yes (fixed effects and cross-sectional) regression. Tdrmalysis examined corporate
2019) issuances from the same issuer over the 2013-2@tibdp 1 secondary market

observation is carried forward.

3.2.1 Datalimitations

The nonhomogenous particularities of studies iretudh this review are acknowledged. Results will
differ with the application of varying data sampléisne, bond rating, control measures for liquidiyd
maturity, methodologies, and statistical analys@hhiques. Notably, each study employs its own sulass
checks; however, the use of individual methodolegiad control variables on similar datasets areddo
yield conflicting results. In the US municipals rket, for example, pricing is highly sensitive tx features
(Atwood, 2003). Despite similar data sets, Karpflé a positive greenium on US municipal bonds (Ké&rp
Mandel, 2018), whereas Zerbib and Baker, drawimgnfimoderately different methodologies and control

variables, find a negative greenium (Baker et2f11,8; Zerbib, 2019).

Some ambiguity exists over what constitutes a G8abse the GB label remains unstandardised. CBI and
Bloomberg, for instance, cite ‘many shades of gréen GB allocations (Kidney, 2019); therefore, sem
studies engage with a broader definition when niatcltomparable bonds. This ambiguity can lead to
misleading bps estimates on the green premium sitwdies employ different datasets, particularly fo

datasets taken prior to 2013 and the establishofenbre robust GB taxonomies and databases.

Our study draws from all relevant studies withirr abbservation period. These studies are diverse in
nature, drawing from a variety of data samples;eikemmple, (Nanayakkara & Colombage, 2019) employ a
large dataset with worldwide coverage (25 countridsGBs, whereas (Agliardi & Agliardi, 2019) focos
an in-depth review of a single corporate bonds liéknowledged that the studies that draw congissimm
a smaller sample size hold equal weight to thasdiest with a larger sample size. Further, the revieludes
a relatively small sample size which has been basedhe existing literature available in the Erglis

language.

The purpose of this study is to categorise andquoet existing research, thereby enabling a general

consensus on GB drivers and premiums to be edialllisom the current broad body of research. Tiudys
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does not deem it feasible, with the current bodyesktarch and empirical data, to make definitiants on

pricing impacts.

4 Results and discussion

Data analysis categorised and coded the main fjsdaf each review article; specifically, it sougbt
determine whether a green premium exists in baghptfimary and secondary markets, and the basig poin
difference. Several studies have included analgsdsconclusions on both the primary and secondarkets
(Ehlers & Packer, 2017; Gianfrate & Peri, 2019)d afnese are included as separate observations.
Furthermore, studies that have provided multiplectgsions (i.e., on GB nuances, such as CBI cedtifjreen
bonds vs. noncertified bonds) are included as sépaibservations where a clear conclusion is peavid
(Bachelet et al., 2019; Baker et al., 2018; Eh&rRBacker, 2017; Gatti & Florio, 2018; Gianfrate &R
2019; Hachenberg & Schiereck, 2018; Harrison, 263@jn et al., 2019; Karpf & Mandel, 2018; Tang &
Zhang, 2018; Zerbib, 2019). Figure 3 summarisegdbalts of the literature review regarding thesemsus

on the presence of a greenium in the GB market.

'Greenium’' in the Primary Market 'Greenium' in the Secondary Market

No
Statistical
Significance
No 17%

44%

Figure 3 — Literature consensus on the existeneegoéen premium in the primary and secondary narke

The findings reveal mixed results for the existeata green premium in the primary market, and also
more pronounced consensus amongst studies exantimengecondary market. This study notes the risk of
confirmation bias within these studies; howevergihains an interesting observation that a broasdemsus
exists on the existence of a greenium in 70% odistuexamining the secondary GB market. Within the
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primary market, there does not appear to be sefficevidence (i.e., 56%) that a greenium existe Th

implications of these findings are expanded upahéndiscussion.
4.1 Average green premium

Basis point spreads are documented for each studpdth the primary and secondary markets. The
average spreads between GBs and CBs largely cottferaxistence of the greenium in most studiesraoye
the secondary market. Moreover, the control vagsiaind methodologies used have a significant impact
bps results amongst studies. The findings vary lyigethe primary market, where greenium spreadgea
from —85 to +213 bps. Our study highlights the utgeeed for further investigation into GB pricestime
primary market. The variances in results within pinenary market data suggest that further invetibga are
required that employ a larger data sample thamrsently available in the literature. As a resthis study

does not present an average bps green premiuingqrimary market.

Within the secondary market, however, bps spreeadmare consistently focused between -1 and -9 bps,
meaning that investors in the secondary marketwdlfing to invest in GBs that are comparable to CBs
accepting a -1 to -9 bps lower yield in excharepfo-environmental credentials. Figure 4 organthe

average green premium, from the studies examingéalpasis point ranges.

18%

14% 1t09

No statistical significance

T
5 -1to-9

36% 9to-17
Over -17

27%

Figure 4 - Average sample green premium (bps)ersétondary market.

4.2 Determinants of the green premium

Our results confirm the existence of the green premin a broad sample of studies; however, it ipfoé
to note under what circumstances the green premiost frequently arises. To understand the detengini

factors guiding the green premium, we employ SR&Perform a correlation analysis using the Pearson
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correlation coefficient. Key determinants of thdseence of the green premium are compared with data
sample characteristics. Specific bond sample ctenatics among the studies are noted, includirg th
following: issuer (government/municipal or corp@atbond credit rating (investment grade, noninmesit
grade, or mixed), timeframe, GBP (yes, no, or mjx&Bl certified (yes, no, or mixed), and eviderafe

third-party assessment (yes, no, or mixed).

Table 2 presents the results of the correlatiorlyaisa Correlation coefficients between 0.5 and 0.7
indicate variables that can be considered to beenadely correlated, whereas correlation coeffigemith a

magnitude between 0.3 and 0.5 indicate variables th wi a low correlation.
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Table 2 - Green bond premium correlation analysis.

Green premium Bond type Bond credit rating Greemdgarinciples Climate bond certifiec ~ Third partgessmen: Issuer
Correlation Coefficient 1.000 -.138 .302 46E 0.926 .365 .169
Green premium Sig. (2-tailed) 441 .275 .08( .000 221 517
N 1¢ 19 15 1E 10 3 17
Correlation Coefficient -.188 1.000 .018 .281 .366 .042 -.238
Bond type Sig. (2-tailed) 441 .946 .25¢ .268 .882 312
N 19 3 17 18 11 15 20
Correlation Coefficient .302 .018 1.000 767 632 91% 194
Bond credit - -
) Sig. (2-tailed) .275 .946 .001 178 .000 .507
rating
o N 15 17 17 14 6 10 14
<
) Correlation Coefficient 465 -.231 767 1.00( .645 .830" .357
S Green bond - -
e Sig. (2-tailed) .080 .259 .001 .044. .000 191
g principles
(% N 15 18 14 18 10 14 15
Correlation Coefficient 0.926 .356 632 645 1.000 .896 .245
Climate bond
- Sig. (2-tailed) .000 268 178 .04z .000 524
certified
N 10 11 6 1C 11 11 9
Correlation Coefficient .365 .042 913 .830" .896" 1.000 .290
Third party - -
Sig. (2-tailed) 221 .862 .000 .00C .000 .336
assessment
N 13 15 10 14 11 15 13
Correlation Coefficient 169 -.238 194 .357 245 .290 1.000
Issuer Sig. (2-tailed) 517 312 .507 191 524 .336
N 17 20 14 15 9 13 20

*, Correlation is significant at the 0.05 levelt@dled).

**_Correlation is significant at the0Q level (2-tailed).
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High 1~ Climate Bond Certified

Bond Governance Green Bond Principles

Third-party
assessment

Investment Grade

Non-Investment

Bond Credit Rating ——— Grade

Government

Bond Type Corporate

Green Premium Correlation

Mixed

Recent observations
(2013-2019)
Broad timeframe
(2007-2019)
Early observations
(2007-2013)

Study Timeframe

Low

Bond Criteria

Figure 4. Green premium determinants by GB charigtites

Figure 4 summarises the main findings of the cati@h analysis. Bond governance characteristics are
determined to have the greatest impact on whethgezen premium is evident in the bond market. GBbk &
CBI certification label, that are investment graded that are issued by government/municipal osgdioins
are highly correlated with a green premium. Notaphrt of the reporting requirements for securimg €BI
certification label include the engagement of adparty assessor and typically follow the GB pipies. The
implications of these findings suggest that theéesyatic rules and standardisation that accompaongiGB
governance reduce informational asymmetries, whealps to overcome investors’ doubts on the ‘gressine
of a particular GB—both at issuance and reportihgrmgoing performance. These findings confirm that
investors are willing to pay a premium for inveshtse that offer clear ESG-related reporting on fund
proceeds, by up to 15 bps on secondary marketsn(ldyal., 2019; Baker et al., 2018). With regardénd
credit rating characteristics, investment gradedsotend to provide the most predictable existerfca o
greenium within a range of -2 to -6 bps (Bacheletle 2019; Hachenberg & Schiereck, 2018; Hyualgt
2019; Zerbib, 2019). By contrast, bond type andystimeframes offer less reliable predictors ofr@egium

in bond prices.

21



4.3 Discussion

This review has engaged with literature that hagstigated the green bond market. The first rekearc
objective explored the driving factors for the dewheof green bonds from broad social, economic, and
environmental perspectives. Social and environnhdataors have been found to include intensifyin§RC
and ESG trends (Endelman, 2018; Febi et al., 28@8)an increasing demand for SRI products (Ma&ais
Nykvist, 2020). The findings have confirmed thawvastors value GBs with strong bond governance
procedures, such as engagement of third-party steees and adherence to green bond standards, S@Bl a
certification. It is clear that investors value isb@nd environmental factors of GBs. Economic idgvfactors
include risk diversification and, lower volatiligs compared to CBs (Preclaw & Bakshi, 2015). Timgirigs
of the study suggest that bond risk and volatitibnsiderations were secondary to governance proegdu
previously noted. These factors are interrelatad,tagether shape a broader narrative towards staaeling

investor motivations that drive the green premium.

The second research objective has been to establisimsensus on the existence of the green premium
within the primary and secondary GB markets. Ovetiaké review has underscored a consensus on a gree
premium within the GB market. GBs have been trading premium (that is, at a lower yield) compandtth
CBs in the majority of studies included in thisiesv. This is particularly pronounced within the sedary
market (as observed in (Baker et al., 2018; Bo04,92 Nanayakkara & Colombage, 2019), among other
studies) but less pronounced for primary markets(&hlers & Packer, 2017; Gatti & Florio, 2018;rkison,
2019)). It can be noted that GB issuances on tmeapy market are often oversubscribed (Burton,801
indicating a strong demand for SRI products, altfiothis has not yet translated into a green premu@B
primary market pricing in a meaningful way. Thesedings suggest that some bond investors have
noneconomic motives. Proactive SRI investors whgeta—but are unable to—secure primary market
issuances may be directed to the secondary m#@ketresults confirm earlier predictions by (Renrabet
al., 2008) in that investors derive nonfinancialityt from investing in SRI practices. With time, are
pronounced evidence of a greenium in primary marleexpected to emerge as issuers seek to capitali
the pro-environmental preferences of bond investéos GB issuers, our results are contrary to ther p
findings of (Baumol & Blackman, 1992), who predileat a bond premium related to CSR concerns will no
be feasible in a competitive economy. However atignors should point out that the scientific, cogpe, and
political acknowledgement and concern for CSR, atamchange, and other environmental matters have
become more prominent in advanced economies inlatethree decades since Baumol and Blackman

conducted their study. Indeed, whilst some CSRdlinitiatives incur a greater initial cost, thggeegated
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benefits have been found to return long-term bé&ndfrough a wider web of interconnected sociadnemic,

and environmental factors, as presented in thismpap

The final objective of the study has been to ingas¢ which GB characteristics are most frequently
associated with the green premium. The review wudees that investors value GB’s with strong goaece
procedures (Baker et al., 2018; Hyun et al., 20TBgse findings support the notion that the inussiio the
GB market are driven by supporting climate aligobgectives with verified and measurable outcomédschv
are an important part of GB governance proceduBzxhelet et al., 2019), and, are in line with SRI

investment practices.

5 Conclusion

Increasing awareness of the negative impacts ofatd change is driving an ever-growing focus on
environmental sustainability among global investrd the general public. The growth of the GB miaskel
the green premium phenomena has created the needdw and organise the individual contributionsd®a
in the literature to date. In response, this stiidy conducted a systematic literature review withaim of
synthesising studies that assert the existencendnexistence) of the green premium or greeniumd(use
interchangeably), on GB prices in the primary aedosdary markets, and that correlate the greenipnem
with bond characteristics. Moreover, this studyesitigated the broader environmental, social, and@aic
drivers and detractors governing the green premAlthough the drivers share synergies; environmertd
social drivers—in theory—are expected to have theatgst effects on the demand and future growth

implications for the GB market.

Broadly speaking, a mixed—although marginally pesiconsensus—exists among the examined studies
that focus on a green premium in the primary GBkeiarThat is, a portion of investors are willingpgay a
higher price for GBs, and therefore accept a loyweld for a GB versus a comparable CB. These figslin
have practical implications for issuers and theaghoof the GB market in general. Issuers may bérfiefin
engaging with the GB market to finance low-carboitidtives at a lower cost, particularly for goverent
organisations that engage with GB governance @jteuch as the third-party verification of bondgeeds.

As more issuers become aware of plausible cagitsing benefits of the green premium, there are
implications for the growth of the GB market ovér&dor academia, this research has implicationstord
pricing theory by suggesting that future bond pigcshould consider noneconomic motives of investrsh

as environmental preferences. The green premium s@ye as a positive side effect for driving
organisational innovation that adapts operationgatds environmental purposes. These implicatiomss ar
significant across sectors, such as innovativenfira products (i.e., green mortgages and greamanges) or

practical applications (i.e., green infrastructared green building), where incentives for greerdentials
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may have previously been lacking. Within the seeopdnarket, the literature provides a more pronednc
consensus on a green premium. The practical intjgicaf these findings is that investors derive fireamcial
utility from SRI practices; furthermore, they offeome compelling theoretical insights into the fatof the

GB market and primary issuance pricing. A consisggeen premium in the secondary market could lend
pressure to future primary market issuance priocesause secondary market prices are an indicatwhaf

the market will bear. Bond governance charactesstiere found to be the strongest determinantgkan
premium. GBs associated with the CBI certificatlabel, that are of investment grade, and are issyed
government/municipal organisations, were founddalbterminants of a green premium. Because GBa are
relatively new financial construct, investors magy deeking to reduce their risk profile by focusomglower

risk assets.

Limitations of the study included a limited sampiee, and non-homogeneity of study particularshsas
time, sample size, bond profile and control vaeablThe review focused on the English language. dnly
future research, these limitations may be addred&@t the continued growth of the market and aalality
of robust data sets, future research may offerpordunity to apply multiple regression analyseptedict
the plausible GB premium given particular bond ektaristics. The correlation assessment in thidystu
identified a limited range of possible green premideterminants. Future studies would benefit from a
comprehensive breakdown of green premium detersnanich as geographical region, currency, market
sector, and comparisons of GB standards not covertds review. As more data becomes availablé&én
pricing characteristics, a future systematic liiera review is recommended which engages with getar
sample size, including a broader scope of languaegpublic support grows for action on mitigatitige
worst effects of climate change, it is anticipatbdt the GB market will continue to establish itset a
critical, impactful step towards meeting the Sumthle Development Goals established by the UnitatibNs

and continue the economic transformation towarearar production.
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