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ABSTRACT

This studyexaminegheyield premium or discourdf 14 labeled corpate green bonds.
Each greenborids yiselcdmpared to their respective iss
month period after the Ameiesisbenddsyia@aind uae e wm
by plotting the yield to conventiomid versusnodified duration mid for eacbomparable
vanilabondThe yi el d premium or discount is the dif
yieldanda g r e e expédctechyidld lsased or2¥ order polynomial curveitithrough theset
of comparable vanilla bondkfind green bongields do not convergeand remain atheir
i ssuer 0s thee neohthlisfter theramneuncement daedgreen bondbavean average

yield discount 0f7.9 bps
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Chapter 1

Introduction

Sustainable, responsible, and impact investing (SR isvestment strategy that
incorporates environmental, social, and corporate goverr{gssg)metrics and aims tprovide
investors with strong financial returns while promoting positive societal or environnraptadt
( A SR )BraeSRIanarkethasgrown considerablgnd accants for about 26 percent of
professionally managed assets globhdfgom 2014 to 2016, the amount of assets professionally
managed under responsible investment approaches increased by approximately 25 percent to a
total of $22.89 trillion.Europeis the largest contributor to the pool of socialponsible
investment products and holds abbRt6 percent of theF3 market The United States is the
second largest contributor with $8.7 trillion in assgdlen; i G| o b taihabl&lovestment
Review.20160

Investors can engage in SRI through various methods such as direct ownership of stock,
fixed-income products, mutualds, and exchangeaded fundsSRIasset classes differ among
markets. For example, in Canada anddpg 33 percent of assets are invested in equéinets4
percent ofassets armvested ibonds( 1 G|I o b a | Sustainabl eThenvest men
$895 billion dimate-aligned bondsnarket iscomposed of labeled green bonds, wlioh
designatedi gr e en 0 by it$usecof prosesds definechtmfithance green assets and
projects,andi n| abel e-al ifgh e dn@ thie canrdes ,n ow h inNepisskeestbut i gr e e n ¢
promotea low-carbon economytabeled green bonds are about-timed of the &e of

unl abel edl iNghé dgBadld.onds



What is a Green Bond?

Green bonds are fixeidcome instruments whose proceeds are dedicated towards a green
or an environmentallyriendly project such as clean water, renewable energy, energy efficiency,
sustainable land use, waste management, and clean transportation (Ahuja and Mackay). There
are four types of green bonds, which include Green Use of Proceeds Bonds, Green Use of
Proceeds Revenue Bonds, Green Project Bonds, and Green Securitized Bonds.
1 Green Use of Proceeds Bond&reen Use of Proceeds Bonds are similar to traditional
bonds by offering full recourse to the issuer and sharing the same credit rating as the
i ssuer . Proceeds are earmarked for green p
o Example:ln October 2017, The International Finance Corporation issuegtars
$1 billion AAA-rated green use of proceeds bond focused on clismadet
finance in emerging markets (Symons).
1 Green Use of Proceeds Revenue Bom@seen Use of Proceeds Revenue Baféisr
nortrecourse to the issuer and repays investors based on a revenue stream such as tolls,
fees, and taxes. The proceeds are ear mar ke
Bondso) .
o Example: In February 2016, the Metropolitan Transportation AuthdvityX)
issued a $782.5 million Transportation Revenue Green Bonds, Series 2016A to
renovate New York City Transit, Long Island Railroad, and Méatooth
Railroad. The MTAOGs operating revenues
be used to repay investdqtsi MTA t o | ssue. .. 0; MAMetropol
1 Green Project BondsGreen Project Bonds offer recourse or-mecourse to the issuer.

They expose the investor directly to the risk of the project so they often are structured so
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there isrecourse totheissuertome pr oj ect 6s assets and bal a

earmarked for specific green projects (AEX
o Example: In November 2017, Canadian Solar Inc. issued aehua ¥7.4 billion
A-rated green project bond to finance Canadian Sola&3NMWp Tottori Solar
Power Plant in Tottori Prefecture, Japa
1 Green Securitized BondsGreen Securitized Bonds offer recourse to the issuer through a
collection of projects that have been grouped together. Scell projets may not be
large enough to access the bond market so combining them into bigger collections can
reach other investors. They use underlying projects such as covered bonds, ABS, and
other structures as collateral. The revenue generated by the asse#dlysused as
repayment to investorBroceeds are earmarked foegn projects or putirectly into the
underlying green project (AExplaining Gree
o Example: In October 2017, Mosaic issued $307.5 million worth of green
securitized bonds with fouranches of residential solar loans. They are supported
by a collateral pool of $275 million of loans with an average FICO score of 738

(AMosaic Closes. .. 0).

History of Green Bonds

Il n July 2007, the European | nvesatement Bank
Awareness Bond focusing on renewabl e energy a
EIB introduced the idea of earmarking bond proceeds for environmefrtatigly initiatives,

the first labeled green bond was issued by the World Bank in 20@8w&k created in
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partnership with Skandinaviska Enskilda Banken because there was increasing demand from

Scandinavian pension funds to invest in ways that promote a cleaner and morerelsistaat

world (Reichelt and Keenan). Initially, the green bomarket was mainly for select institutional

and retail investors. From 2007 to 2012, the global green bond issuance volume by supranational
issuers, agencies, and public development banks totaled approximately $8.4 billion (Azoulay, et
al.).

However, the ppularity and availability of green bonds began to grow quickly after the
entrance of corporate issuers. The first corporate green bond was issued in November 2013 by
The Environmental Defense Fund, Bank of America, and Vasakronan. Total market size grew to
$11 billion in 2013, tripled in size to $36.6 billion in 2014, and reached $87.2 billion in 2016
(AHIi storyo). Since 2007, the mar ket has grown
(Kochetye and Jauhari).

In 2017, global green bond issuanceseased by 78 percent compared to the previous
year by reaching a record $155.5 billion (Chestney). Of the $155.5 billion, the United States,
China, and France contributed to roughly 56 percent of the total issarer&221billion in
green bondsvere oustandingn 2017 (Boulle).

There is growing concern about regulation limiting corporations from raising-green
labeled finance in the US markets. When issuing bonds in the United States, corporations must
comply with the Secur it Rueddda Rue 1431 ltad sriot fabilityC o mmii
and disclosure standartlsat expose issuers potentiallegal risks In contrast, whefssuing
offshore, issuers must comply with Regulation S. Regulatigiess stringent in disclosing the
use of proceedsnd commitments are less legally bindowgnpared to Rule 144k the future,

additional corporations may avoissuing inthe US market in fear ditigation risks (Allen).



While the green bond market is relatively new and miniscule with comparedgtmktzé
outstanding bond market of roughly $92.2 trillion, it appears there is a growing interest and

investor demand for green bonds in the financial markets (Brandon, et al.)

Green Bondlssuers and Investors

When green bonds were first introduced torttegket in 2007, the primary issuers were
supranationals like the World Bank or European Investment Bank since they already had
procedures foassessing ES@sks for projects. However, greater disiy of issuers has
developedand now often includes mulieral development banks, countries, corporations,
municipalities, and government agencies. According to the Climate Bonds Initiative, in 2017,
there were 239 issuers of labeled green bonds who covered over 37 countries and 90 percent of
the green bondssued came from issuers other than multilateral development banks (Reichelt
and Keenan; Whiley). The top five issuers were the United States, China, France, Germany, and
Supranationals. Furthermoremerging economy issuances waupported by China anddia.

China has historically been a | arge issuer du
environmental issues, which hafluencedt he countryos policy and fir
Bonds Highlights 20160) .

Green bond issuers can be classified into two groups. One group is focused on using the
proceeds from green bonds to finance environmental initiatives. In 2017, proceeds were most
commonly used to finance renewable energy. Waste management, land uskapaaiioa
initiatives remain the smallest investment areas since it is difficult determining which types of

projects qualify. The other group of issuers recognizes an opportunity to use green bonds as a
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communication tool. By offering green bonds, isswars increase awareness of their activities,

promote and mobilize financing for environmental sustainability, diversify their investor base,
and engage investors who may not have normally considered their other bond offerings
(Azoulay, et al). However, aslescribed in Chapter 2, issuers may incur additional costs
associated with labelling, certification, reporting, verification, monitoring requirements, and
other administrative costs for their green bonds (Kaminker).

Invesbrs can be divided into five categories, which include mainstream institutional
investors (e.g., BlackRock, State Street), sovereign and municipal governments (e.g., California
State Treasurer), specialist ESG and responsible investors (e.g., Natixis)Mbarporate
treasury (e.g., Barclays), and retail investors (e.g., retail investors through wealth managers)
(Al nvestor Appetiteo). Il n each of these categ
help finance a more climatesistant worldvhile also creating new dialogue and avenues for
engagement among bondholders (Azoulay, .gt@tiginally, the first green bondholders were
investors with strong environmental focuses,
Buys Green Bonds?0). For investors who have a
positive impact, green bonds havegun to be accepted as an ideal investment vehicle for fixed

income impact investing (Reichelt and Keenan).



Chapter 2

Labeling Green Bonds

As the green bonds market began to develop, the lack of a uniform definition and
standard created uncertainty as to whatesakgreen bond eligible to be labeled as green. The
inconsistencies Iin a green bondos requirement
proceeds are not used for their intended purpose or that an issuer is promoting environmental
initiatives but atually operating in ways that are still detrimental to the environment (Kaminer;
Trompeter). For instance, energy companies that traditionally burn coal, which is a highly
polluting practice, may issue a green bond to fund a clean coal project. Cleasuzibl refers
to carbon capture and storage where carbon dioxide is captured before being emitted and then
buried underground. However, clean coal is misleading because it is still significantly dirtier than
other sources of electricity such as natues,gvind, or solar (Plumer). Another example
includes major oil producers. In May 2017, Repsol SAissued g/fsear G500 mi I | i on
bond to enhance refinery facility efficiencies in Spain and Portugal and to reduce methane
emissions. The green bond amnmity was conflicted on whether the green bond deserves the
green label. While upgrading facilities reduces carbon emissions compared to its current
operations, supporting an oi l producer s gree
undercut effos to slow global warming. Alternatively, investors may prefer for the green bond
proceeds to be used for zegmission renewable technologies such as solar instead of fossil fuels
(Chasan). In both cases, there is a concern for greenwashing since camp@ssiociated with
negatively impacting the environment are raising funds for initiatives that continue to harm, but

are still more beneficial than their current state of operations.
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As a relatively new investment vehicle, there is conflict betweenitgegiidelines that

are too stringent that may restrict growth of the market and standards that are too loose that may
lead to excessive greenwashing. However, in order to increase transparency for investors in the
green bond market, about 80 percent sfiéss in 2016 were willing to report the use of proceeds
and environmental impact as well as be reviewed by an external party (Linsell). There is
currently no single regulator responsible for defining and labeling bonds as green, but the two
existing guidénes are The Green Bond Principles (GBP) and Climate Bonds Standard and

Certification Scheme (CBS&CS).

The Green Bond Principles

The Green Bond Principles are voluntary process guidelines created in 2014 by a draft
committee composed of four banks, whitbluded Bank of America Merrill Lynch, Citi, Crédit
Agricole Corporate and Investment Banking, and JPMorgan Chase, to promote transparency and
disclosure for the issuances of green bonds. The International Capital Market Association
(ICMA) serves as an dependent third party to perform administrative duties and manage the
information exchanges between issuers, investors, underwriters, and other stakeholders (Kidney).
Issuers can use these standards as a reference for issuing a credible green borst@sdccarve
use the increased reporting to evaluate the impact of their investment. The GBP identifies ten
areas that are appropriate for a green bond issuance, which include energy efficiency, renewable
energy, environmentally sustainable management ofgimatural resources and land use,
terrestrial and aquatic biodiversity conservation, pollution prevention and control, sustainable

water and waste management, clean transportation, climate change adaptation, green buildings,
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and eceefficient and/or circlar economy adapted production technologies and processes. Green

bonds are evaluated on four key elements, which include the use of proceeds, process for project
evaluation and selection, management of proceeds, and rep@'tilg.numerical scores areto
prescribed t@green bondased on how well gatisfies each of the four elemergsternal

reviewes such as consultants or institutions with expertise in environmental sustainability,
auditors, certification against an external green assessmerdrstanidrating agencies can be

used to validate the green bond aligns with GBP ("The Green Bond Principles 2017").

Climate Bonds Standard and Certification Scheme

The Climate Bonds Standard and Certification Scheme was created by the Climate Bonds
Initiative, an international neprofit organization whose goal is to encourage investments in the
green and climate bond market to promote a moreciavon economy. CBS&CS has two parts;
the first is the Climate Bonds Standard and the second is the CertifiSaheme. The Climate
Bonds Standard provides gesuance and pegtsuance requirements on use of proceeds,
tracking, and reporting to verify a bondbs gr
used to finance projects and assets that support@sustainable environment. A bond must
meet the Climate Bonds Standard in order to be eligible for the Certification Scheme. The
Certification Scheme is a voluntary process where issuers pay a fee and select verifiers approved
by the Climate Bond Initia#e to confirm the bond meets The Climate Bonds Standard. Being
certified provides confidence to issuers, investors, and other stakeholders that the bond meets
industry standards in green characteristics, management, and transparency. Complying with the

Climate Bonds Standard and Certification Scheme aligns fully with the Green Bond Principles,
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specifies eligibility for green projects and assets, and requires certain procedures for use of

proceeds, tracking, and reporltd)ng (ACIIi mate B
The voluntary nature of the guidelines currently provides a helpful framework for issuers

and investors to assess the credibility of a green bond in the early stages of the market. However,

as the market expands and various types of new projectseemese definitive standards and

robust reporting may be necessary to regulate and enforce the integrity of these investments.

Rating Agencies and SeconéParty Opinions

In addition to existing guidelines like GBP and CBS&CS, other forms of verification by
rating agencies and second opinions by an independent reviewer assess issuance frameworks,
green credentials, the management of use of proceeds, reporting, and environmental
performance. Rating agenci epartyopinoisincde Cavitero dy 0 s
for International Climate and Environmental Research (CICERO), Sustainalytics, and Vigeo
Eiris.

Moodyods Green Bond Assessment (GBA) wuses a
regulatory filings, presentations, and other public information to pecsdopinion on an
i ssuer6s management, administration, and repo
bonds. The assessment uses five key factors: organization, use of proceeds, disclosure on the use
of proceeds, management of proceeds, and nggeporting and disclosure. Each factor is
weighted and is scored from one to five, where one is the highest rating. The composite score

results in a grade from GB1 (Excellent) to GB5 (Poor). It is important to note the Green Bond
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Assessment is not a ciedating and instead applies to the green bond issue, not the bond issuer

(Shilling).

S&P Global Ratings Green Evaluation considers both existing frameworks and the
environmental impact of green bond issuances. The Green Evaluation uses a weightetkaggrega
of three categories: transparency, governance, and mitigation or adaptation. The first category is
transparency, which examines the use of proceeds and the overall reporting comprehensiveness.
The second category is governance, which surtheyprocesfor managing proceeds and
measuring environmental impadte third category is either mitigation or adaptation.
Mitigation is used if theprojectrelatesto bringing environmental benefits in areas such as
pollution control, biodiversity, natural resoerdepletion, and climate change. A baseline
scenario is used to estimate a pr Adagatidn®ds posi
used if the project relates teducing exposure taatural disasterand makingareasmore
climate resilientThefinal Green Evaluation is on a scale of 0 to 100 where a higher score
indicates strongr environmental impacS&P Global Ratings Green Evaluation differs from
other second opinions since it incorporates the environmenthleet e f it of t he pr o]
Gl obal Ratings Green. .. o0).

CICERQ a Norwegian institute associated with the University of Oslo for
interdisciplinary climate research, created @itiades of Green methodologhe methodology
uses an issuer6s document ral polxies, reporting pracedaréesh a b i |
and information gathered from meetings and correspondence to provide a qualitative assessment
of a green bondés effort t o pr-carboteeoncenyg. Vher on me
ratings range from dark greémbrown. Dark green is often given to zenmission initiatives

and refers to projects that are consistent with a-teng focus. Medium green is awarded to



12
projects that are taking steps toward the {tergn future solutions, such as hybrid vehicles.

Light green is designated to programs that are currently environmentally friendly in the short
term, but will likely not exist in the lorterm such as improving energy efficiency in fossil fuel
processes. Lastly, brown projects do not promote environnentas t ai nabi | ity (AFr
CIl CEROb6s. .. 0).
Sustainalytics specializes in helping investors incorporate ESG and Corporate
Governance considerations into the investment process. For bond issuers, the firm provides
guidance on developing frameworks thagmawith the GBP, conducts secepdrty opinions to
ensure green bond proceeds are allocated properly, reviews bonds annually for consistent
compliance in the management and reporting of green bond use, and serves as a certified verifier
forthe ClimateBads St andard and Certification Scheme
Vigeo Eiris focuses on creating greater ESG awareness in society. For green bond
i ssuers, Vigeo Eiris examines the issuerds ES
project séection, fund allocation, and reporting process, expresses opinions on the social and
environmental impacts of projects, delivers seepary opinions to align with the GBP, and
serves as a CBS&CS verifier (AGreen and Soci a
As the green bond market continues to develop, rating agencies and-pactynd
opinions will play a key role in ensuring integrity and credibility for stakeholders who want to

promotethe transition to a lovearbonclimateresilient economy.
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Chapter 3

Literature Review

Anthropogenic emission of greenhouse gases (GHG) is a contributing factor in climate
change. Global carbon emissions are projected to increase in 2017 by around two percent,
equivalent to approximately 41 billion metric tons (Welch). A# pf a global effort to combat
the negative effects of climate change, representatives from 175 countries ratified an agreement
within the United Nations Framework Convention on Climate Change called the Paris
Agreement (United Nations...). The Paris é&gment aims to prevent global temperatures from
rising two degrees Celsius above-prdustrial levels by using greener energy sources, reducing
carbon emissions, and committing financial resources towards building a more -cesibéat
future (Domonosk). In addition to developed countries assisting developing countries to fund
climate initiatives, investors are becoming more aware and supporting the fight against climate
change. For example, according to an HSBC survey conducted in 2017 acrossioagpiorat
Europe, the Americas, Asia, and the Middle Ea
climater el ated i nvestmento (Harris). | nAsmarticul a
financial product designed tmntribute positivelyo the envirament, it is important to
understand the financial and environmental value from an issuer and investor perspeetive.
remainder of the literature review will explore green bond financial performance and

environmental impact.
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Financial Performance

As a rdatively new market, research on the financial performance of green bonds is
inconclusive. When green bonds are compared to equivalent traditional (normal or vanilla)
bonds, studies have shown green bonds offer a similar, higher, or lower yield. In a study
conducted by Natixis, researchers observe the behavior of green bonds denominated in Euros by
investmengrade corporate issuers from the primary market and secondary market perspective.
On the primary market, the green boneld premiums over secondaspreads are similar to
secondary spreads on a new standard senior debt issue. On the secondary market, no significant
di fference in yield or wvolatility is found be
with the closest maturity (Azoulay, at). From an issuer perspective, it appears there is no
financial benefit of issuing this product if investors are not charged a higher price. From an
investor perspective, receiving a similar yield suggests there is no sacrifice or downside for
investinggreen.

Furthermore, a study conducted by Antoniya Petrova investigates the returns of green
bond indices compared to their mainstream counterpart using-a¢mes and panel data
analyses in a mulindex model framework during theeriodof 20081 2016.The timeseries
analysis consistent with Fisher, Jensen, and Scholes (1972) measures excess returns for the S&P
Green Bond Index, S&P Green Bond Project Index, and Solactive Green Bond Index compared
to normal indices. The panel data analyses investitjadesxcess returns for five indices, which
include S&P Green Bond Index, S&P Green Bond Project Index, S&P US Aggregate Bond
Index, BofA Merrill Lynch US Corporate AAA Total Return Index, and BofA Merrill Lynch US
Corporate Master Total Return Index. kot cases, there is no significant difference in yields

bet ween the two types of bonds (Petrova). Whi
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bonds instead of individual bonds, it reinforces the similarities between green versus vanilla

bonds and fuhers the discussion on the existence of these products if no financial benefit is
gained by issuers or investors.

Alternatively, a study by Karpf and Mandel investigates green versus brown US
American municipal bonds. The green municipal bonds includdtisample are those labeled
as green bonds in the Bloomberg Terminal. By comparing and analyzing the spread between an
i ssuerb6s green municipal bond and brown munic
trading at lower prices and a higher yield tlexpected based on the credit profile (Karpf). From
an issuer perspective, it is unclear why a green bond would be issued if the municipality could
raise a greater amount of funds by issuing a brown bond to finance the same green project. As an
investor,it is more beneficidbuying green bondsistead obrown bond since one would
receive a greater return while also financing a green initiative. Potentially over time as demand
for green bonds increases, the yield will eventually decrease to a point where investors are
sacrificing yield to invest green.

In contrastresearch conducted by Barclays compares the Global Credit Index with the
Global Green Bond Index by running regressions on credit spreads that decomposes option
adjusted spread (OAS) into common risk factors and an indicator variable for green bonds.

While investors are willing to pay a price premium of aboub@8 potentially based on strong
demand, green bontiswve historicallyearredreturns similar to normal bonds (Preclaw). It is
advantageous for an issuer to sell green bonds for a higher priceoffdiiieg ayield similar to

a traditional bond. However, investors are worse off financially. Instead of buying the cheaper

normal bond, they are paying more for a green bond to earn a comparable return. Paying a price
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premium may be warranted if the int@s believe they receive additional intangible value like

psychological benefits.

In addition to investors paying a premium, a couple of studies have shown green bonds
offer a lower yield. For example, Olivier Zerbib estimates the difference in yielebptgreen
bonds issued worldwide that comply with the Green Bond Principles and a similar synthetic
normal bond. Zerbib uses a matching method to match each of the 135 Investment Grade senior
bullet fixedrate green bonds with synthetic bonds that haeetidal characteristics except for
liquidity. Across the entire sample, the green bonds offerld gignificantly negative of8 bps,
especially in green bonds issued in EUR and USD with issue amounts greater than 100 million
USD (Zerbib). As an issuehe negative premium is beneficial as it lowers the cost of capital to
fund green projects. Compared to Preclawbs st
However, the lower yield is inconsistent with other studies and it does not indicatevehbtors
are willing to accept less cash flow. The incentives behind these disparities are unclear, but may
be revealed as the green bond market continues to develop.

The Climate Bonds Initiative began publishing quarterly reports on green bond pricing
data in the primary marken 2016 In Q2 2017, 101 labelled green bonds were issued, but the
sample includes only 19 USD and EUR bonds from both developed and emerging markets.
Green bonds are evaluated on the initial price talk (IPT), order book sulmswj@pread in the
secondary market, performance against an index, and issue premiums. When observing the IPT
and order book, each green bond was compared to a corresponding vanilla basket that shared
similar rating and sector characteristics. ComparedgdPT, green bonds in USD showed
larger price movements than the market average. In addition, both USD and EUR green bonds

were oversubscribed, but their metrics were line with the market. On the day a bond begins
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trading on the secondary market, theemenerally increases. This study observes the prices 7

and 28 days after announcement and finds green bond prices behave no differently than a normal
bond. When compared to indices, EUR green bonds over performed while USD green bonds
were mixed. Lastlythe new issue premium is the additional yield an investor receives when
compared to vanilla bonds from the same issuer. Again, the results were mixed where some
bonds offered new issue premiums while others did not. This pattern is no differetiie

normal bond market (Harrison). Overall, the results indicate there is no discernible difference
among green bonds and vanilla bonds. However, it is evident the green bond market is growing
in issuance amount and investor demand. Without consistent evofeit@ncial benefits for

issuers and investors, the reason for the growing popularity of green bonds is still uncertain

(Harrison and Boulle).

Environmental Impact

In addition to financial performance, another aspect of green bonds is the environmental
impact. While green bonds are supposed to fina
nature of reporting and transparency makes it difficult to determine the effect on the climate.

Minimal research has been conducted on the environmental valae se@dording to research

by the Institute for Climate Economics, fATher
new financing beyond what would have been available through traditional bonds. Most of

existing green bonds and their underlying pctg were likely to have occurred whether the bond

i ssued to finance them was |.albtelurelelying projectg r e e n 6

woul d have occurred regardless of the green |
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environmetal value, but rather more about finding the most effective way to obtain funds or

reach different sets of investors. Furthermore, if investing in the green label does not create
additional green projects, t he msitiverenvieosnmentals 6 pr
change.

| ssuers recognize investorsod growing desirtr
monitor the environmental effects of projects financed with green bonds and the amount of
avoided greenhouse gas emissions fteir portblios (Shishlov, eal.). The lack of a
formalized framework for measuring and disclosing environmental effects may impact the
credibility of the market. In addition to weighing the financial benefit, investors may have
different preferences for environnmtahimpact that influence the way they ultimately make
investment decisions. Providing metrics that evaluate the environmental value can be useful for
issuers to attract certain groups of investors and for investors to verify that their investments are
acheving the desired effect.

One way to measure the environmental impact is through the Carbon Yield Methodology,
a framework created by LEEhxraddAffirraieednveGinentb a | Par
Management and funded by The Rockefeller Foundatibe.Garbon Yield Methodology
guantifies the Potential Avoided Emissions (PAE) per unit of investment per year. In order to
establish the PAE, the reduction in tons of carbon dioxide equivalents (tCO2e) associated with a
project may be calculated by the issor a thirdparty. Carbon yield is different from carbon
credits or renewable energy certificates (RECs) because it does not hold any monetary value and
is nontradable. Instead, its purpose is to allow issuers and investors to quantify and
communicatehe environmental value of a green bond ("Carbon Yield Methodology"). The

Carbon Yield Methodology, if accurate and reliable information is disclosed by issuers -or third
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parties, can increase transparency and further establish integrity in the green batdTha

initial effort to express environmental value to investors has the potential to stimulatevitie g
of the market in the lorgun.

Beyond GHG emissions, other measures of environmental impact may include renewable
energy capacity, number of halmlds potentially powered by energy generated, water
conserved, and waste diverted (Sokol). There are many ways to assess different aspects of
environment al i mpact, but it wultimately depen
appropriate data. Thedak of environmental disclosures may
unwillingness to share. Instead, the financial and environmental stakeholders may not be aligned
to a common goal yet and owéne, the qualitative perspective through guidelines Tike
Green Bond Principles and the quantitative standpoint like the Carbon Yield Methodology could
connect.

Numerous studies on the financial performance of green bonds versus vanilla bonds
appear to be inconclusive and the environmental value of grees Isoindts developmental
stages. The reason for the existence of green bonds is still unclear because the incentives from an
issuer and investor are inconsistent. For issuers, the green bond may be priced at a premium and
other instances it may be pricledver than expected despite similar credit ratings. For an
investor, returns may be comparable, higher, or lower than a normal bond. Even though the
proceeds from green bonds are dedicated toward environmendigly projects, the method
of measuring ad quantifying the environmental value for issuers and investors is not fully
established. As the demand and market for green bonds continues to grow, a clearer

representation of the behavior of green bonds financially and environmentally will emerge.
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Chapter 4

Description of Methodology

TheCl mat e Bonds |ongréeen @ndipnciagise prmany marketses
an issuer 0s yi eitswhnillalbonds ®nvestigae wietbal investoss neceive a
new issue yielggremium forgreen bondssuancs. The report examinese yield premiunonly
ontheannouncement date of the green band found no distinguishable difference between
green bond and vanilla bond issuance premiums. Howegardless ol corporategreen
bonbs devi athieomssuemds yi el d dataulbdiegeethegreen he anno

bond will converge and r e mtieemonths. t he i ssuerods

Corporate Green BondsData

| usethe Bloomberg Terminal to compile all matused active labeled green bonds as of
02/08/2018 The fuse of proch@&dnBandlbiaalodtiosi mamked yv
green bondsBonds receive this taghen anissuerselfabel s it s obond as figre
demonstrates the bond is committed épldying funds toward environmental sustainability.
Furthermore,iie bond must comply with the Green Bond Principles on the use of proceeds
where 100 percent of the fundee dedicatedtb i nanc e G B Roivtieséiprpghreo \GeBdP
Dat abaseso

Next, lonly includelabeled green bonds whose Bloombkrgustry Classification
Systemi sCorfiorate6 astdehominated in USD or EUR sinbends arenost commaly
issuedn these twaurrenciesLastly, | convertissuance amounts to USD for comparison

purposesl128 labeled corporate green bosdsisfy the listed criteriggince not all issuers have
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enough comparable vanilla bonttsg sample for this study includes 14 labeled green bonds and

7 issuers as seenAppendix A.
For each labeled green bonghdpuate theBloomberg ID,Issue Name, Security Name,
AnnounceDate,IssueDate,Maturity, Maturity Type, AmountissuedPrice atlssue,Yield at

Issue Coupon,CouponType, Currency,Bloomberg Composite Ratingnd RiyymentRank

Comparable Vanilla BondsData

| use the Bloomberg Terminal to compile all actwaillabonds foreachgreen bond
issuancen my sampleThe same issuer issues the vanilla bonds and grees. li@uth
i s s usacangpard@ble vanilla bonds must be achigeveente gr een bondds annou
date and three months after the announcementTatesanillabondshave issuance amounts
greater than $100 milliorixed coupn payments, and share the sameency Bloomberg
Composite Ratingand payment ranks thecorrepondinggreen bond
For each vanilla bond, | populate BBomberg ID, Issuer Name, Security Name,
Announce Date, Issue Date, Maturity, Maturity Type, Amount Issued, Price at Issue, Yield at

Issue, Coupon, Coupon Type, Currency, Bloomberg Composite Ratidd?ayment Rank.

Methodology

To compare a green bondbdés yield to its 1iss
methodology n Boul |l e and Harrisonds report, inGreen
TJune .7ZMel 7i0s s u e redsscongtriuctet loly plottimpchcomparabley ani | | a bond

yield to convention mid versus modified duration mfeeld to conventiommid is the lowest
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yield based omid priceto all possible redemption date scenaridedified duration mid is used

because it accounts for both the coupon and fithen thegreen bond is overlaid.

| use the following formulas to pulaily yield to convention mid and modified duration
mid data from the Bloomberg Terminal into MicrosoRcEl for comparable vanilla bonds @n
the corresponding green bontlissuers have multiple green boruffered at different timed
includeprior green bondin later green bond issuegs as long as they remaictive during the

latertime period.

=BDH(Searity, YLD_CNV_MID, Announce Date, Annouiizate + 3 Months)

=BDP(Security, DUR_ADDaeMI D, ASETTLE_DTOo,

After plotting tlfita2%sler poymodial cupvéhreughithecset of v e |
vanilla bonds. Finally, bverlay the greebonds. A green bond above the yield curve represents
a yield premium. A green bond below the yield curve represents a yield distbanteld
premium or discount is the difference between the hytela and the expected yiel@thegreen
b o n dctualyield is the yield to convention mahd theg r e e n  Xpected yéekl is the
yield predicted by the"@ order polynomial curven a particuladate The coefficients for the"
order polynomial curve afeund using the following formusan Microsoft Excet
If expected yield ax® + bX + c, then:
a =INDEX(LINESTknown ys, known xs™{1,2}), 1)
b =INDEX(LINESTknown_ys, known_x$1,2}),1,2)

c =INDEX(LINESTknown_ys, known_x41,2}),1,3)
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where Aknown_yso is the acompgasableovanillayboreidadd t o c on

Aknown_ xso is the array of modified duration
dae.

After finding the coefficients of the™?0r der pol ynomi al curve, I
modified duratiormid to calculatehe expected yield for each dak@r each green bond
issuancel compute the average, maximum, minimum, and standard deviationyélthe
premium or discourfor the threemonth interval Additionally, | plot the yield curve every 30

daysand creata time series of the yieljgremium or discounb illustrate how ithangesluring

the threemonth period



Chapter 5

Results

Security Name Average

Max Min

24

Standard

Bloomberg ID Issuer Name Deviation
JK1373600 |Apple Inc AAPL 2.85 02/23/23 | 0.089 0.306 0.003 0.065
AN9643841 |Apple Inc AAPL 3 06/20/27 (0.072) | 0.033 | (0.118) | 0.024
AL1276115 |Bank of America Corp |BAC 2.151 11/09/20 | (0.221) | (0.002) | (0.273) | 0.044
QJ1388405 |Electricite de France SA |EDF 3 5/8 10/13/25 0.098 0.192 0.044 0.030
QJ1305268 |Electricite de France SA |[EDF 3 5/8 10/13/25 0.050 0.146 | (0.024) | 0.035
EK2515238 |Engie SA ENGIFP 1 3/8 05/19/20 (0.093) | (0.048) | (0.113) | 0.010
EK2700996 |Engie SA ENGIFP 2 3/8 05/19/26 (0.047) | 0.022 | (0.108) | 0.031
EK4710878 |European Investment BarikiB 1 1/4 11/13/26 (0.083) | (0.070) | (0.100) | 0.011
UV5766679 |European Investment BarkiB 0 1/2 11/15/23 (0.114) | (0.096) | (0.123) | 0.005
QZ7160273 |European Investment BarkiB 0 1/2 11/13/37 (0.167) | (0.130) | (0.182) | 0.010
AN6320989 |European Investment BafikiB 2 3/8 05/24/27 (0.110) | (0.074) | (0.142) | 0.015
EK1707232 |Iberdrola International BVIBESM 2 1/2 10/24/22| (0.093) | (0.042) | (0.140) | 0.024
Q74989443 |lberdrola International BVIBESM 0 3/8 09/15/25 (0.087) | (0.055) | (0.214) | 0.025
EK9560831 |Morgan Stanley MS 2.2 12/07/18 (0.257) | (0.059) | (0.343) | 0.061

| AVERAGE

Table 1. Yield Premium or Discount(in %) for the Three-Month Interval after Announce

Date

As seen in Table B out of 14labeled corporatgreen bondsffer a yield premium

during thethreemonthperiod after the announcement d&e.average, green bds offer a

yield discount of7.9 bpswith aminimumyield discount across all samples-&8.1 bps.

In addition, no green bonds conveaged remairattherr e s pect i ve

within three months after the announcement dateen bonds issued by Electricite de France

SA and Engie SA appeartofall@ s est i n |

of

below.

each

i ne

w i ,brhaverage€raphs suer 0 s

i ssuer 6s

i s s u ein thesAppendie sectiornthe timy seriesfor each green basd




25
Apple Inc. (AAPL)

Yield Premium or Discount

Difference (%)
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Figure 1. AAPL 2.85 02/23/23 Time Series

Yield Premium or Discount

Difference (%)

= AAPL 3 06/20/27 AAPL 2.85 02/23/23

Figure 2. AAPL 3 06/20/27 Time Series
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Bank of America Corp. (BAC)

Yield Premium or Discount
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Figure 3. BAC 2.151 11/09/20 Time Series

Electricite de France SA (EDF)
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Engie SA (ENGIFP)

Yield Premium or Discount
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Yield Premium or Discount
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Figure 9. EIB 2 3/8 05/24/27 Time Series

Iberdrola International BV ( IBESM)
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Figure 11. IBESM 0 3/8 09/15/25Time Series

Morgan Stanley (MS)
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Chapter 6

Analysis

| conduct aalysison the average yielpremium ordiscownt to identify features that may
explain a green bondds time series path. Firs
i ssueros yield curve for i begamme tise averadelyieldnul t i p |l

premium or discourdegmented by industry, currency, amount issued, and maturity s year

Issuers with Multiple Green Bonds

No green bonds converged remainat hei r i ssuer 6s yi-radntd cur ve
period after the announcement ddtewever, AAPL, EIB, and IESM issued multiple green
bonds at different dates so the behavior of prior gread issuances can be studiedater
periodsbeyond thenitial three monthsAs seen irFigure 13 all prior green borglappear to
converge towar ds e athlastoneysauadter their annouscentent dater v
particular, AAPL and | BESM n gialdcuryeFdrthermore,b a c k i
as seen ifrigures2, 5, 8, and 1in Chapter 5the multiple green bonds issued by AAPL, EIB,

ENGIFP, andBESM appear tamove inversely.
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Average Yield Premium or Discount For Issuers with Multiple Green Bonds
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EIB 0 1/2 11/15/23 Announce Date
——IBESM 2 1/2 10/24/22

Figure 13. Average Yield Premium or Discount for Issuers with Multiple Green Bonds

Segmentedoy Industry

As designated by Bloomberg, my sample covers the following sectors: technology,
utilities, government, and financiaMost green bonds in the sample are classified as utilities.

As seen in Figure 14the financial sector provides the largest average yield disobt28.9 bps

and highest volatility
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AverageYield Premium or Discount by Industry
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Figure 14. Average Yield Premium or Discount by Industry

Segmentedoy Currency

The sample is limited to green bonds denominated in EUR or USDtxinds are most
commonly issued in those two currenciésere are seven green bonds denominated in EUR and
sevengreen bonds denominated in USD. EUR green bonds appear to offer a larger yield discount
of -9.8 bps while USD green bonds offer a yield discour6df bps.The average yielgremium

or discounby currency isn Figure 15.
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Average Yield Premium or Discount by Currency
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Figure 15. AverageYield Premium or Discount by Currency

Segmented byAmount Issued

The amount issued in tlsample ranged from $500 million to $1.9 billidrhe
scatterplot irfFigure 16indicates there is a moderate positive correladiot 354 between
amount issued arttie yieldpremium or discounSmaller issuance amounts appear to deviate
from their respective issuer's yield cummere than larger issuance amounts three months after

thegr een bonddés announcement date.
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AverageYield Premium or Discount vs. Amount Issued
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Figure 16. AverageYield Premium or Discount by Amount Issued

Segmented byMaturity

The maturity in years in the sample ranged from 3.50 years to 21.12 years. The
scatterplot irFigure 17showsa weak positive arrelation of 0.127suggesting matuy does not
have a significant impact on the yield premiandiscount three months after the announcement

date.
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AverageYield Premium or Discount vs. Maturity
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Figure 17. AverageYield Premium or Discount by Maturity

Significance Test

Green bonds issued lgpvernment, financialgndin EUR have yield discounts that are
statistically significantly differenfrom zero.Amountissued and maturity do not appear to have
a significant effect. However, it is important to note this study inclodgs14 green bondso
these results may not keatirely representative of tlggeen bond univers&he results of the

multivariate regressiorarein Figure 18.



\ Coefficients \Standard Error \ t Stat \ P-value
Technology 0.0086 0.0508 0.1687 0.8694
Utilities (0.0286) 0.0293 (0.9755) 0.3523
Government (0.1185) 0.0359 (3.2962) 0.0081
Financials (0.2390) 0.0508 (4.7021) 0.0008
Adjusted R Square 0.604 \

\ Coefficients \Standard Error \ t Stat \ P-value
usD (0.0603) 0.0401 (1.5063) 0.1579
EUR (0.0977) 0.0401 (2.4400) 0.0312
Adjusted R Square 0274 |

\ Coefficients \Standard Error \ t Stat \ P-value
Intercept (0.1925) 0.1005 (1.9154) 0.0818
Amount 0.0000 0.0000 1.1751 0.2648
Maturity 0.0004 0.0072 0.0617 0.9519
I LenEe  (0.033) |

Figure 18. Multivariate Regression Results

37



38
Chapter 7

Discussion andConclusion

This study contributes texisting literature nd expands on corporate
financial performance. In particulat,expandsoBoul | e and Harri sonds rep
Pricing in the Primary Market: AprilJ une .BdulleadrmlHare onds repthet e x ami
yield premium ordiscounton t he green bondds annountowment d:
athreemonth intervabkfterthegr een bondds aRoncorporatoesitiiassue dat e .
multiple green bonds, Figure p8ovidesinsight on how prior greebond issuancdsehave in
later periods beyond three months.

11 o 14 o the green bonds in my s@he exhibited a yield discotiduring the period
three months after the announcementddte.n ce Boul | e a nndicatdsathhar i sonods
green badsand vanilla bonds are often oversubscribesiyggets corporationanissue green
bondsto lowerthe cost of capital to fund green projegithout sacrificing investor demani.
also allowscorporations to attract a subgroofpinvestors who are interested in incorporating
more exposie to SRI citeria in investment strategies in a cheapethodthan through vanilla
bonds.

Investing in green bonds may negalyveffectan i nvestor 6s financi al
However,based on the analysigyesting in green bondssued by utility companiesith larger
issuance amounts denominated in U88y reduce the likelihood oéceivinga yield discount.

In this study, green bonds issued by Electricite de Franceh&ve theseharacteristics and
returned aield premium Alternatively, investors may billing to accept a lower yielth
exchange for an intangible psychological benefit of promoting a more sustainable and

environmentally resilient economy.
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After comparingtheye |l d of 14 | abeled corporate green

yield curve duringthethreeer i od after the gr eéfaundoagreed 6s anno
bondds yoteohvdrgeghdremsainat hei r i ssuer ds yieOd curve
average, green bonds offer a yield discoun?@ bpsHowever, for corporations that issue
multiple green bonds, prior green bond issuanceabegt o converge towards tl
curve at least one year after the announcement@eten bond issued by government,
financials, and in EUR have vyield discounts that are statistically significantly different from zero.
As the market becomes more robust, larger sample sizes can be used inRBitudes.
researchor greenbonds can mvide additional insight on the financial performance and
environmental impact&inancially, future work could explore if the green bonddyaifferences
persist, how green bondempare to other SRI instrumenasidif and howgreen bondadd
value to corporatiag Environmentallyfuture studiegan measurthe environmental impact of
green bonds and evaluate whether they are an effective fisiviecentivizing bothissuers and
investorsto promote a lowcarbon economythe evolution of the green bond market and its

prevalence in SRI will be fascinatingwatnessin the coming years.
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Appendix A
Labeled Corporate Green Bond Sample
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Appendix B

AAPL 2.85 02/23/23 Yield Curve Graphs
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Appendix C

AAPL 3 06/20/27Yield Curve Graphs
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Appendix D

BAC 2.151 11/09/20 Yield Curve Graphs
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EDF 3 5/8 10/13/25 Yield Curve Graphs
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Appendix F

ENGIFP Yield Curve Graphs
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Appendix G

EIB 1 1/4 11/13/26 Yield Curve Graphs
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