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1 Introduction

1.1 Background

As Climate Bonds Initiatiyf@018)(hereinafter "CBI"¥ptates green bondgqreferred also
climate bonds) are issued to finance climatchange solutionsGreen bonds area
rather new security in the market, first green bond was issued in 2007 by the European
Investment Bank (EIB)Green bonds can be issued by governments, banks, local
government or corporabns. Private placementsecurtization, covered bond, and
sukuk and green loans can be labeled as a green bond if they fulfill the Green Bond
Principles (GBP) or the Green Loan Principeésméte Bnds Initiative (2018).
International Capital Market Association (2018s defined tle green bonds in a
following way: Any type of bond instrument where the proceeds will be exclusively
applied to finance or rdinance, in part or in full, new and/or existing eligible Green
Projects and which are aligned with the four core componentshef Green Bond

Principles (GBP. The aforementioned four core components are:

Use of proceeds,
Process for Project Evaluation and Selegtion

Management of Proceeds, and

R

Reporting.

As International Capital Markets Association (2018) describes "the mstone of a

green bond is theutilization of the proceeds of the bond for green projectshich

should beappropriatelydescribed in the legal documentation for the securRyojeds

can be stated to be green, tiiey advance environmental objectives, sua$ climate

change mitigation, adaptation, pollution prevention and contrigsuer should also
communicate clearly the sustainability objectivés net proceeds of the green bond

should betrackableby the issuer in an appropriate manner, and attestedbio the
Adadz8SNI Ay | F2NX¥If AYyOaSNYyrt LNRpOS&daa fAy1S

operdions for green pojects. Issuers should make, and keep, readily available up to



date information on the use of proceeds to be renewed annually until full dltmta

and on a timely basis in case of material developménts.

Organizatiorfor Economic Goperation and Developmer(2017) (hereinafter "OECD")
note that parties agreedin the Paris Agreement to hold the global average
temperature to below 2C and makefforts to limit the temperature increase to 1°6
above preindustrial levelsThe mrties also agre¢o align financial flows with the path

towards low greenhouse gas emissions and clinmaglient development.

Debt finances the most of infrastructuiavestment. Bond finance is a natural fit for
low-carbon and climateesilient infrastructure assets; renewable energy infrastructure,
where the upfront capital costs are high and leshgted. Annual issuance of green
bonds rose from 3 billion USD in 201dl 95 billion USD in 201@0ECD2017). As
earlier stated, there are the GBP and many other green bond definitions but there is no
universal rules andtandardization this is a shared concern among thetgapants in

the market (OECD(2017). With genenlly accepted definitions the effectiveness,

efficiency and integnit of the market would increase.

Green bonds have some benefits in green investing: 1) they add one segment more to
green financing; 2) they add Igfterm financing by addressingaturity mismatches; 3)
they addthe positive reputation of issuers and clarify issuers' environmental strategy; 4)
they can offer cost advantages; 5) they add greenness to traditionally brown segments;

and 6) theyadd one segment more to responsiblend longterm investors (OECD

(2017)).

Why to issue green bonds because the companies could alsodssuentional bonds?
Green bonds have to be used to green projects and this itself restricts companies'
investment practices. If the bond is labeled to be a green kbbedould be certified by

a third-party and this adds compliance and administrative cdStsmpanies could issue

conventional bonds andotinvest the proceeds to green projects ifeth would be
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financially beneficiallFlammer (2018). Flammer (2018) reprasents three different
potential explanations why to issue green bonds. "First is that green bond may serve as
a credible signal of the company's commitment towatts environment gignaling
argumen). Signal can be valuable because investors do not hawagh information

of the company's environmental commitmergecond argument is that the companies
can practice green washing with green bonds. The companies could issue green bo
even if they would not perform any real actiorgrdenwashing argumeit The third
argument is that if green bond investors andlling to change financial returns for
societal benefits, companies are more willing to issue green bonds because they will
get cheaper financingc@st of capital argument’ Flammer (2018) states thahe

evidence speaks on behalf of the first argument.

Hyun et al. (2019) note that green bonds éxglt in a same way as conventional bonds
but green bonds are specially used for green projects that are environmentally friendly.
This means that costs @bigger when they are issued. The green bond market is still
very small in size and also in liquidity. The market structure and standards that are
accepted generally are still being created. There is for example documents, which show
that the bonds are gren, guarantees and also letter of comfeim order to show the
greenness.These kind of actionsf course create additional costs for green bond
issuers.After the issuance the costs are still rather high because green bond issuers
have to create regulareports. These costs can be significant to small and medium
sized issuers. However, green bonds dlstp issuers to improve their reputation and

expand their investor base.

As Zerbib(2019) statesa report from the European Commission (20&8)phasizes
many barriers to the development of the green bond market; there is no green bond
definition, framework, and transparencyecause of the aforementioned reasons, the
EU HigH.evel Group on Sustainable Finance (EU HLEG (20i&¢ many
recommendations rgarding the green bond market in 2018. The creation of a

technical committee responsible for building a sustainable taxonomy and a
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introduction of an official European standard for green bomrdstributing an overt

meaning of these bonds and based on tleenenon taxonomy.

International Capital Market Associatig2017) states that there are four different data
providers that cite green bonds that are issudrbib(2019) mentions that Bloomberg
and Climate Bond Initiative strictly require that cited boral/é to be aligned with the

GBPFor exampleerbit (2019) and Flammer (2018ethe Bloomberg database.

1.2 Purpose of the study

The purpose of the thesis is fingl there a difference between the yieldetween a
green bond and an otherwise identical contienal bond and how much is this
possibledifference in the Nordicd.callthe aforementioned differencethe green bond

premiumas Zerbib (2019

The contribution of this thesis that green bond are still rather new security in the
market and even ithere is already different articles regarding the green bonlas t
topic is still rather new andntouchedcompared to some other finandepics There is
some articles regarding the green bond premium but not specially handling the Nordics.
The current aticles about thegreen bond premium have found opposite findings and

some have found the premium but some have stated that there is no premium.

Zerbib (2019) and Baker et al. (20t@)ndlethe pricing and is there a discount while
trading green bonds congued to normal bondsZerbib (2019Y¥ind a negativegreen

bond premium of 2 basis point®aker et & (2018) find a green premiumf 6 basis
pointsand Karpf and Mandel (2018hd a discount in green bonds; théiynd a positive

yield differential of 8 bais pointsHowever Larcker and Watts (202tbte that the past
studies have ended up in mixed results because they have made methodological design
misspecifications that end up in biased estimat€hey state for example that Karpf

and Mandel (2018usetaxable and nottaxable securities and thisave caused that

the results indicate the green bond premiuriarcker and Watts (2020) insteae



12

matching methodology while trying to seek whether there is a green bond premium or
not; they seek ajuastmatchingnormal bond from the same issuand examine the
possible green bond premium in this way. They have stated that the green bond-prem

um is zero.

1.3 Researchguestion andhypotheses

My researchquestion iswhether or not thereis a difference between the yud
between a green bond and an otherwise identical conventional bond and how much is
this possible difference in the Nordics. The null hypoth@d¥) states thathere is no
green bond premiumThe alternative hypothesisi{) states that there is greenbond

premium.

1.4 Structure of the thesis

This research is structured in a following wayhe second section goes through the
existing literature about the topic. The third sectigoes through the data, fourth

section is about methodology, fifth is aboutsréts, sixth is aboutonclusions.
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2 Literature review

2.1 Corporate social performance

In general corporate social performance (CSP) has been studied by many and good
environmental performance has an effect on stock returners of companies (Kamdpf
Osthoff (2@7), Semenova and Hassel (2))1RB is widely stated that CSP has a positive
effect on financial performance of companigSSP has an effect on cost of equity
capital; when the CSP is higbf the company (Dhaliwal et al. (20113hd a low
environmental efiect take an advantage of the low cost of equity capital (Chava (2014)).
Zerbib (2019 statesthat there are problems when transferring these findings to the
debt market. The first reason is that the payoff profile of a detitler differs from that

of a sockholder reported that a bond payoff can be replicated by the purchase of a
stock and the sale of a call option of the same a€8etause bondholders have upside
available, it is important to analyze and assess all the downside risks for example
enviroormental accidents. It ismore important for investing that is socially responsible

to insure against a market downturn and when a company acts socially responsible
manner the credit rating increases and it has a strong effect on default risk decrease of
a ompany The second reason is that companies are affected by the bond market
investors because companies are seeking financing via the debt market more

frequently than they increase their capital.

Zerbib (2019notesthat studies have been made about CS##fsct on corporate bond
yield, no consensus have been found. Magnanelli and 1zzo (2dtéthat CSP has an
negative effect on cost of debt; it increas® cost of debi Their theorystates that if

a company uses its resources to CSP it is a wastalwhble resources and it has an
effect on company's performance. Menz (2010) states that on the European corporate
bond market socially responsible companies gain negative impact on large credit
spread on the contrary than nesocially responsible firm®ikonomou et al. (2014)
state that good CSR performance enables lower bond yields andr@Sponsibility is

correlated in a positive way with financial risk for U.S. corporate ddbsan et al.
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(2017)note that companies that are in U.S. and, whiclvéigh level of social capital

gain benefit from low aissue bond spreads. Goss and Roberts (2@498archhow

the CSR scores of U.S. companies impact on the price of the bank loand of the firms.
They have noted that firms with lowest CSR scores hapaydhe highest prices of the

bank loans; 7 to 18 basis points more than the more responsible oKésck et al.
(2005) state that when comparing companies with strong shareholder rights and
companies with strong management rights they have a 34 basrg fmwer cost of

debt. Ge and Liu (2015) have stated that new corporate bonds, which are issued in the
U.S. primary market and when companies have positive reports in CSP the spreads of

the bonds are smaller.

2.2 Green bond premium

Zerbib (2019 statesthat the green bond yield is not based on the CSPhefissuing
company because the green bond label is only used with the funded projects and not
with the issuer typeThis is the reason why a green bond yield can be compared to
similar conventional bondsEHers and Packer (2017) and CBI (20%8)dy the
difference between a green bond and a conventional bond and they have compared
the differences in the yields of the bond3BI (201830 not finddifferences that were
significanton the primary market and ik states that the inverstors are not eager to
pay premium to get a green bond at issuangblers and Packer (201ff)d a -18 basis
points negative premium at issuance in 2012D17on 21 Ewo- and USBlemoninated
bonds. Barclays (2015pand Bloomberg (@17) examine a yield difference on the
secondary market. Barclays (2018)aminescredit spread on market risk factors by
using the OLS regression and by using this they report a negative premium of 17 basis
points between March 2014 and August 2015. Blbeng (2017) insteadeports a
negative premium of 25basis points by examiningwelve Eurcdenominated
governmentrelated bonds but it doesn't report premium on U8Bnominated and

corporate bondsonds between March 2014 and December 2016
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Various authos have researched green bond premiukarpf and Mandel (2018)
reseach the topic. They concdrate on the US municipal bond markethey
investigatewhether or not investors value green bonds differently from conventional
bonds. They usea sample of 1880 dnds but the samplaloes not meet the strict
limitations of the Green Bwd Principles and they report a positive 7.8 basis points
average yield premium on green bonds between 2010 and 2016; however premium is
negative since 201Xarpf and Mandel (2018) t® that when green bonds offer a
premium; the premium is reflected in share price alsorpKand Mandel (2018) also
note that green bonds have a lower cost of capital to issuers compared to conventional
bonds Differences in return ratesan becoveredby issuer characteristicS he fact that

green bonds are green is nosélf explaining the difference.

Karpf and Mandel (2018)et support to this statement from Tang and Zhang (2018).
Tang and Zhang (2018) stateat a yield spreads of green bonds and wemtional
bonds, that are issued by commercial entities, compat@dirms that have issued
conventional bonds, green bonds have benefits in pricing for their issuers. When the
same firms issues green bonds and conventional bonds there are no pricingtbenef
Tang and Zhang (2018) have however only 41 observations so itunuékable and it

is dangerous to makedrsng conclusions based on that. Barclays (2015) and Karpf and
Mandel (2018) suggest that the liquidity premium should be controlled by ubieg t
time variablein the regressiorbecause the emission for the preus article and a

variable equal to the number of transactions within the past 30 days for the latter.

Zerbib (2019 states that the current researcham the relative valuation of gen
bonds are lacking of a limited of analysis and incomplete control oflithedity
premium. Zerbib (2010Ostates that s research contributes to the currehterature in

a following way;he is going td'carry out an extensive analysis of the green d¢bon
premium by using a global database and at the same time controls the liquidity and
maturity biases. Zerbib (2019 states also that they show that the small negatweld

premium is a result from an excess of demand of green bonds compared to
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conventioral bonds and this theory is suitable at least to investragraide, lowrated
bonds and financial bondsZerbib (2019 states that "the results complement the
literature on the relationship between CSR and bond yieldigilightingthe existence

of a premum linked to the preference for an asset dedicated to funding sustainable

development, independent of the issuer's CSP."

Larcker and Watts (2020) stathat it is not nontraditional theoretical idea that
investors can value securities above their expdatsk and return featuresThey note

also that it is difficult to separate the effect in real market settingartin and Moser
(2016) and Riedl and Smeets (2017) try to find out the aforementioned preferences
from experimental or survey dat®Barber et & (2020)use expected returns and risk
from actualized returns and security characteristlasicker and Watts (2020) state that

it is still unclear whether investors are ready to abstain financial benefits in real market,
if risk and return are knowmeforehand Larcker and Watts (2020) state thgteen
bonds are very good way to explore the matt@ihey function same way as the

standard debt securities issued by municipalities and corporations.

Larcker and Watts (2020) are interested to find whethemot the investors in bond
marketsare ready to give up returns to invest in environmentally sustainable assets.
Larcker and Watts (202@pncentrate on the municipal green bond market because it
"offers a nearly ideal setting to explore this research dques' By investing the
municipal bonds Larcker and Watts (2020) can use various one of a kind institutional
characteristics of municipal market®ne of these is that municipal issuers often issue
otherwise identical green and negreen municipal securés at the same timeThey

are identical to ordinary municipal bonds expect they are used to finance one or more
environmentally friend projectsThis enables usage of a modede matching method

to appraise treatment effectsYields, spreads and other badrcharacteristics can be
compared between almost identical securities from the same issuer and on the same
issue datelLarcker and Watts (2020) state also that another useful property is that the

mediocre issuance size of the municipal bonds is about lomiiollars.The average
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iIssuance size of corporate bonds in the United States in the same time period is about
400 million dollarsGreen issues are thus rather small and #lisws smaller traders

also invest when the green issues are large it restramaller traders out of the
offerings. Larcker and Watts (2020) note that "investors with utility for green
investments and the willingness to trade bffnd yield for green use of funds are likely

to be marginal trader setting the price of the bond-brthese reasons Larcker and

Watts (2020) state that their style is a good way to find greenium if it exists.

2.3 Mixed results of the green bond premium

Quite many of the studies provideppraisal for greenium, but the results are impure.
Karpf and Mandel (208), Baker et al. (2018nd Larcker and Watts (2020) are mostly
related to one another. Each of the studies use rather large sample of issued green
bonds in the municipal market. Larcker and Watts (2020) have the biggest sample and
Karpf and Mandel (2018nd Baker et al. (2018) sample is about 60 % of the Larcker
and Watts (2020) sample&karpf and Mandel (2018) find positive yield differential;
green bond discount, which is about eight basis points. Baker et al. (2018) find a green
bond premium of six basipoints. The findings are discrepasumpared to industry
practitioners views.Chiang (2017) states that people who answered by the State
Treasures Office of California stated that "their firms would not accept a lower yield for

a green bond."

Larcker ad Watts (2020) believe that the inconsistent results of the earlier studies is a
consequence of "methodological design misspecificatiothat produce biased
estimate$ and as stated already earlieZerbib (2019 states that the current
researches on the fative valuation of green bonds are lacking of a limited of analysis
and incomplete control of the liquidity premiunbarcker and Watts (2020) note that
Baker et al. (2018) and Karpf and Mandel (2018) compare taxable antbxadvie
securities; thus theygnore the effect of taxation in the municipal securities market.
Baker et al. (2018) use a pooled fixeffects model in their analyses. Larcker and Watts

(2020) state that this is insufficient tisuccessfullycontrol for nonlinearities and
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iIssuerspecifc time variation, which ultimately leads to spurious inferences." Larcker
and Watts (2020) state that they avoid this by "taking advantage of the unique

institutional features of the municipal securities market". This enables optional security.

Larcker ad Watts (2020)find a small differential between green and conventional
bonds. They state that "this pattern is robust to perceived differences in liquidity or
institutional ownership.” They state also that greenwashing by issuers is improteable

be respmsible for their findings.Larcker and Watts (2020) state also that municipal
investors in the USA are not eager to offer up returns to invest in green b@rden

bonds are only a small share of the debt markéhe reason for this is the high
issuancecost according Larcker and Watts (2020) and Chiang (2017). Larcker and Watts
(2020) state thabnly benefit in the green bonds is that they diverdig investor base

of the issuer and this result is consistent with the practitioheiews (Braun (2019))
Larcker and Watts (2020) note that municipal securities market is institutionally

different ompared to other asset classes.

For example in the corporate green bond market thengght be premium in green
bonds but Larcker and Watts (2020) see that ith@vever unlikely; the premium
should appeain the municipal green bonds most likely. The second reason is that the
sample size of Larcker and Watts (2020) is rather small and it is likely that green
investors are the marginal traddor pricing the assetThis is the reason why the
municipal green bond pricing should reveal if the small tradéigreen bonds are the
marginal investors for pricing the asséthus, municipal green bond pricing ought
uncover if the green bond marginal trader is consentmgpay a premium for a bond

that is used to finance environmentally friendly scheme.
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Zerbib (2019) states that green bonds are engaging financial instrurttettadvance
the environmental changand at the same time they are making possible fow-|
carbon project possessors to spread out their funding abifigrbib (2019) compared
the yield of a green bond compared ¢gualsyntheticconventionalbondvia a matb-

ing method. By green bond premium Zerbib (2019) mehasyield difference between
the green bond and the conventional bond and before this controlling the difference in
liquidity. As said earlier, Zerbib (2019) finds small but pregnantly negative and tequal
-2 basis points in the whole samplEhe negative premium is bigger for fingadoonds
and lowrated investmentgrade bondsZerbib (2019) states that the study has many
implications. Investors and issuers can use the method for pricingeitentlyissued
green bondixed points It also shows that there is a lack of green bormsd@tional to
the investment demand in mangharket segments and calls for operative and fiscal
measures to increasthe administration of green bonds issuetihe investors at the
moment can soak up a yield at issuance; it is a bit lower than indicatechdoy t

conventional curve.

Zerbib (2019)otes that the methodology that he has used is being used also with the
European Investment Bank green bonds while investing the existence of the green
bond premium. The results note that there is@&basis points netdive premium since
January 2017 for the four main green bonds issugéekbib (2019) notes thathe
quality of the data may cause inaccuracy to the results and the fair value can be biased.
Zerbib (2019) state that following researches should focus on urstiending the
determinants of the green bond premiumia a market microstructure theoretical
model. Second idea that Zerbib (2019) introduces is "designing public supporting
measures, assessing their effects on the green bond market's microstructure, and
comparing the differential impacts via sensitivity scenarios.” Third idea is that Zerbib's
(2019) study could bexpanded to another kind of bonds for example to social impact

bonds.
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Hyun et al.(2019)examine if the information about greenness has aredffonthe
green bond market pricesdyun et al. (2019) use liquidiadjusted yield premiums of
greenbondsand compare these to synthetic conventional bonds. They find no relevant
premium from green bonds or reduction that is strong to distinct estinmatio
procedures. Instead, they find strong proof that information of the greenness
indicatorspregnantlyeffect on the level of the green bond premiu@reen bond with

CBI certificate get 6 basis points and 15 basis points reduction compared to green
bonds that do not have that kind of informatiorilhe aforementioned reductiorcan
essentially compensate for the supplementary expense of these information
enhancers.When the green bond market develops, the information enhancers may
take actionto decrease the gense of obtaining independemeviews and verification.
Hyun et al(2019)state that the issue size can decrease the green bond premium and

that there is a green bond premium.

Hyun et al.(2019)state also that green bonds are naturally good way torfeeagreen
projects but they could be developed further, in connection with market structure and
arrangement.In the eyes of the supply side it is expensive to issue green bonds
comparared to conventional bonds. In the eyeshd demand side, the investoraeet
information asymmetry about greenness in relation of issu@&szen bond standard
and guideline decreasbeterogeneityand segmentationof worldwide green bond
markets.Issuers can reduce their financing expenses and investors can benefit of lower
greenness information costs if the information enhances. Hyun et al. (2019) state that
by investing to green investments should not lead to lower retusttain green
bonds offer smaller returns but at the same time they offer lower information cdsts.
order to tempt institutional investors to invest to green bonds, issuers shmadetise
environmental externalities and positive impactBhis might stimulate institutional

investors to add green bonds in to their investment palette and asset targeting.

Febi et al. (2018) note that there is a yield spread in green bonds, whibhtas-30

basis points smaller than in conventional bondkis yield spread premium is however
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changed to trivial in the recent years, this can mean that green bond market is
maturing. As Larcker and Watts (2020) state tlggeen bond premiunthat different
researchers have foundan bea result from thehigher bond liquidity compared to
conventional bonds and not all the researchers have controlled this effect instuelir

les. Febi at al. (2018tudy the determinant power of bidsk spreadWhetherthe ask

price sur@ss the bid price and LOT liquidity measure, which measure the difference
between the percent of buying cost and the percent of selling costs and yield spread
between conventional bonds and green bondey state that conventional bonds are
less liquid that green bonds because of-Bgk spread an LOT liquidity measukebi et

al. (2018)like Zerbib (2019)state that bidask spread is unmeaning determinant for
green bond returns but it is meaningful determinant for conventional borkahi et al.
(2018) state that LOT measure is a admissible determinant for green bond yields but at

the same time it is &ivial determinant for conventional bonds.

Febi et al. (208) state that geen bonds seem to face higher liquidity levels in the
marketand this is a strong event in the markétow and also in the future, investors
will face pressure to point out ESG and SRI entrustment. This will head to imposition
exceed over @ provision.The provision will probably remain low because of fiscal
stimulusfor investments(Zerbib (2019)) state thaand inexistence ofan official and
globaldisposal (Cochu et al. (2016)) of course GBP is tryipgttt this up. This means
that better liquidity of green bondsloes not come fronenvironmental enhancements

but from deficiency of supply and this makes it possdreen bond premiumgZerbib
2019). Cochu et al. (2016) state thatlsa the inexistence of credit risk profile
concerningunfit reporting of green projectgan prove the illiquidity of green bonds
compared to conventional bond€ochu et al. (2016) note thdlhe raings of green
bonds areconcentrated to balance sheets in placegréen project investmentsThis
means that greenbonds can be directed to riskier investments compared to
conventional bonds and this should mean actually a negative green bond premium.
Higher risk levegets a suppad from bond maturity and yield relationCampbelland

Taksler(2003) state that investnent grade bonds are very liketp have a positive



22

linkageamong maturity and yield spreads. The most of the green bonds are investment
grade bonds and hence the results should be equivaléebi et al. (2018) note
however thatthe results is reciprocaldiween the aforementioned factors; normally
this result is expected for speculatigeade bondsKarpf and Mandel (2018) found the
same appearance in their study; there is reversed relationship between the

aforementioned factors for bonds when the yearsmaturity are under three years.

Gianfrate and Peri (2019) use a propensity score matching approach to study 121
European green bonds issued between 2013 and 2017. They state that green bonds are
financially more convenient thaconventional bondsfor caporate issuers the benefit

is largerand it remain in the secondary markdgianfrate and Peri (2019) state that
their findings keep upghe view that green bonds can help in greening the finance
without penalizing the issuer&tellner et al. (2015) notiat superior corporate social
performance (CSP) leads in systematically reduced credit risk but the evidence is
however weak.Menz (2010) note that in European corporate bond market the
premium in the risk for socially responsible firms is higher than nfon-socially
responsible firmghe finding is slightly significanGianfrate and Peri (2019) state also
like many other that the results concerning the green premium is mixed in the primary

market and also in the secondary market.

Gianfrate and Peri2019) note that their research extend the existing literature
concerning the green bonds by providing evidence of the existence of a significant
advantage for the primary market of European green bonds adopting a propensity
score matching (PSM) methodologhhey note also that the premium stays after the
issuance; in the secondary mark&ianfrate and Peri (2019) use also Bloomberg's data
from "Bond radar "as many other researchers. They use bonds issued from January
2007 to December 2017. In the bond radhere is 7589 public eurodenominated
bonds issued since January 2007 and 154 of these are green Bidresdo not use
bonds that have variable interest payments because this can affethermricing at

issuance. They do not use also bonds that areimgsthe returns or if the size is lower
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than 200 million euros, this enables that the bonds are liquid. They also do not use
bonds at high risk of default and bonds that are not priced using European tsig)

the aforementioned parameters, there are 1reen bonds left in the data and there
are different entities such as corporates, national and multinational agencies,
municipalities, sovereign states and financial institutions. Tthejde the sample to

two different samples: "Corporate Issuers” aritllon-corporate Issuers"43 of the
observations concerning the Corporate Issuars labeled green and 7@f the Non

Corporate Issuers are labeled to be green.

Gianfrate and Peri (2019) evaluatether it is convenient of issuing green bonds for
companes andto non-corporate entitiesthat want to invest in green projects like in
energy and water efficiency and bioenergyhey state that green bonds are more
favourable than conventional bonds because normally tbffgr lower returns for the
financiers.Gianfrate and Peri (2019) note that the "result is stronger for corporate
issuers with the implication that private sectewhose support will be necessary to
achieve the Paris Agreement's temperature goate better off financially when they

issue bond that are labelled as greén.

Green bonds have transaction costs because they have to be certified, monitor and
report on the green use of progresses. Gianfrate and Peri (2019) state that financial
savings thatissuers get seems to be a result of a sgatemandfor these financial
products and this means that there is willingness to invest in green projects.
Institutional financiersvant to decorbanise their portfolios and redirect their assets to
environmentfriendly investments because climate changalso a increasing threat to

the economic growth in a long perspectivEhe law also effects on the institutional
investors because for example in France investors have to report on how they reduce
/' hieleases and what they do to control climate relatésks. In future countries can

for example offer tax benefitbor investors that invest in green products for to help to
improve the market.lt can be waitedthat there is coming new green bond issues

becauseof the adoption of a common European Union greasset taxonomy
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(European Commission (2018Banks will probably start to implemettte reporting
recommendations that areset forth by the Taskforce for Climate related dfinial
Disclosure (TFCD (201 M)onetary policies will probably also favour irstenents that

are made in greethabelled assetsIssuers will get better financial results with green
bonds and also the financial results are better. The global economy also turn into more
sustainable and it can also enabfevestors to comply with the cwent and coming

legislation.

Gianfrate and Peri (2019) have a rather small data sample and the sample should be
bigger and also the geographical regioshould be wider.When the quantity and
quality of datawill be better, it is relevant to do further resrch in the eyes of the
issuers, investors and policymakers. Researches in the future showithin
information whether or not green bonds' amenityas objectively changedin the
course of timeand has there been variation over industries and regi@eondly, by
analyzing better and understanding the formation of the demandheke bondsand

its drivers the policiescan be designed to proceed withnd foster the growth of the
market. Gianfrate and Peri (2019) note also that the green label shouldtbeied
more closelyThe bondscan suffer from that there is now clear definition what is a
green bond and what is noln order to create a reliable and consistent criteria for the
bonds demand both scientific analysis and political and standatiihg decisions. A
formal taxonomy is trying to be created by the European Commissionwatidthis

actionthe misuse of the green bond label can be avoided.

Gianfrate and Peri (2019) note that global warming can be restricted &€ Ib&t this
require changesn the economic and social systen@Gianfrate and Peri (2019) state
that "Financial markets will play anajor role in those disruptive changesand
practitioners, policymakers, and scholars are converging in stressing how crucial the
support of finance is m delivering an actual and timely transition to a low carbon
economy! Gianfrate and Peri (2019) show that green bonds can be used to achieve a

lower cost of capital for organizations that need to finance efimance green projects.
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Gianfrate and Peri (PL9) note thatthere is limited evidence on corporate dsions in
issuing green bonds and thdindings fill in theexistingliterature gap andcompanies
can use the results to make decissponegarding different financial instruments.
Policymakers can @sit while theymake policies they recognize which policies startle

or stimulate the market angssuers to pass innovative greemdinginstruments.

Barua and Chiesa (2018yamine what is the size of the financing that happens with
green bond supply. Hey use crossection OLS regressions and Blin@axaca
decomposition analysis and they have a global data for 8 years (28007) and the
data is from Bloomberg. They investigate how the bond characteristics, issuer
characteristics, and market charadtgics effect on issue siz&hey test also "the
persistence of the effects by yeaise and rating gradeise estimations"They note
featuresthat had arelevantimpacton issue siz€the effects of coupon rates (negative
effects) and credit rating (fmitive effects)on issue size is permanent in nature as they
consistently persist over the years and across rating gradesticerning "the issuer
specific, revenue growth (mostly negative effects) and profitability (positive effects)
have relatively morepersistence across the estimationd$sue sizes are larger in
emerging markets of the market and economy variabfdso the issuances that are in
EURO and targeted to global marketve most likely a bigger issue size, and the impact
is most persist acks assessmentkssue size is likely to be smaller when the issuance is

targeted to international market.

Barua and Chiesa (2019) note that their research confirm the aforementioned effects
of the abovementioned factorsespecially for higigrade bonds. fiey note that they

have not found evidence of a notable increase of average issue size in 2017 compared
to 2016. This can mean that environmentally responsible and sustainable business
projects have not been undertaken more by the companies. Hjgide bomls on
averageget lessfinanceper issue compared tother bonds.Barua and Chiesa (2019)
state that their finding have important policy implicatiorfarst, br example "better

financial health (e.g., profitability) and higher quality of the security.(eaging) would
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enable firmsto finance a larger amount, which should be considered by the
policymakers and relevant agencies when encouraging green bond isSu&eoend,
policymakers could target to pledge emerging markets more to increase finaneeg si
Third, EURO denominated bonds are rather popular but issuances of larger USD and
CNY should be increaseBourth, issuance per issue on average is not increasing
although the aggregate green bond market hdsoaden fast.In the future policy
efforts hould paymore attention to "per issue size of financingfid there should be
countenance to finance more per issuéompanies could for example move from
traditional finance to green bond&arua and Chiesa (2019) note that " although most
of the existinggreen bond have an investment grade rating, high grade bonds show a
relatively low size of financing compared with tbéhers. To ensure that the green
market expands properly and mobilizes even a greater finance towards
environmentally responsible invaaents, we need to ensure that the size of financing
by firms consistently increases over time, particularly by higher quality green bonds

issuance".
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3 Dataand methodology

3.1 Data

Data for the research is comlad from two sources. Aataconcernng the green bond
issuerss retrievedfrom Danske Banénd from their data we were able to collect ISINs

of green bonds and based on these ISINs the University of Vaasa was able to collect bid
and ask prices of the green bonaisd also the yield dat(Beause we needed also two
matching conventional bonds towards a green bond the University of Vaasa delivered
conventional bond data from the same issuers as the green bonds and after this we
had to go through a thousand of conventional bonds to find the imatg conventional
bonds as described later on the studyhere is no certainty where Danske Bank get
their data but it can be gathered Bloomberg's database but there igihagertainty of

this. The data contained everything elsé¢ the green bondsut nat the bid and ask
prices TheUniversity of Vaasa providetie price data based on the data thddanske
Bankdelivered The University of Vaasa researched firece data from Datastream.
Danske Bank's data contains 531 green bonds when limiting it to corady the

Nordics.
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Figure 1. Distribution of the greenbondsby issuer typen the Nordics.Adapted from Danske
Bank's data.
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Figure2. Amount of issued green bondhy 6/2020. Adapted from Dansk&ank's data.



29

3.2 Methods

Studies that concerrCSR and are analyzing bond spreads use a regression on a
appropriate definition as a empirical methodlhis requires that financial and extra
financial independent variables are defined and they are used to deimimgenous
value of the bond spread as comprehensively as possibiee making surehat the
specification is robusfZerbib (2019))The aforementioned style can be used also in
this research. We can match two similar bonds from the same isgeenib (2019)
notes that he most of the factors that are affecting to the yiedde identical. This
enables usageof a matching method.This method can be used to analyze the
endogenous value of a specialized financial instrum#rtien using the method a pair
of securities with the same qualitiesxcept fao the one property whose impaete are
interested in.Helwege et al. (2014)sefor example the method to match and compare

pairs of bonds issued by the same firm in order to research the cost of liquidity.

The same methodis being usedas Zerbib (2019) and making a database in order to
evaluate the yield spread between a green bond and a similar synthetic conventional
bond. We need a matched pair that contains a green bond and a conventional bond
with similar ¢aracteristics except the liquiditiWe aredoing the same as Zerbib (2019)
and adding a new parameter, which is the greenness of a b@valwant to know how

this parameter affects on the bond yieldhe green bond yield and the equivalent
synthetic convational bond yield is thus the cumulative effect of the liquidity

differential and the green bond premium.

The data includes different kind of bonds: corporate, financial, sovereign; sub
sovereign / municipality and supranational / agency. We have toteraasynthetic
bond for every green bond. This demands that we have a two comraitbonds with

a quite closematurity from the same issuand the other characteristics should be the
same such as: currency, rating, bond structure, seniority, collagerdlcoupon type.
The maturities are not equal but they should be rather close to the green bond, thus

we are using the same method Aerbib (2019) and collecting conventional bonds that
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have a maturity that is neither two years shorter nor two years longdpn green
bond's maturity. By doing this we are able to estimate more precisely the
correspondingsynthetic conventional bond yield in the next steferbib (2019) notes
that the difference in bonds liquidity isther difference between these two groupf
bonds. The difference can be estimated by tksue amount or the issue date as
Houweling et al. (2005) for examphete. If there is anotable difference in liquidity it
can have a big differencen the yield level and this is the reason why it has&
limited. We have to restraithe suitable conventional bonds to those as Zerbib (2019)
has noted"(i) with an issue amount of less than four times the green bond's issue
amount and greater than onquarter of this amount and (ii) with an issue date tist

at most, sixyears earlier or six years later than the green bond's issue "dBteusing

this double restriction as Zerbib (2019) notes we are able to control better residual
liquidity bias in the estimation step of the green bond premiuBy doing he

aforementioned limits to our data, we ha@é# green bonds.

Maturity bias is the next thing that we want to eliminate and this happens by forming a
panel composed of pairs of bonds as Zerbib (2019) notes. The yields are retrieved for
the green bond andhe matching two conventional bonds from the issue date of the
green bond up to December 31, 2020. Ask yields of the aforementioned three bonds
are under more close examination because we want to obsemestors' demand and
issuers' supply of green boadZerbib (2019) limits its data also by removing the line
from their panel if on a specific day, at least one of the three ask yields is not available.
We are not able to do the sandue to lack of data we have to modify Zerbib's model
and we have to inalde also bonds that do not have a data on a specific date. This can
cause some bias to the results. Zerbib (2019) interpolates or extrapolate the two
conventional bonds' yields linearly at the green bond maturity date to obtain a
synthetic conventional bahyield Thus, the synthetic conventionabibd has the same

properties aghe green bond except the difference in liquidity.
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Figure 3. "Interpolation and extrapolation of the synthetic conweonal bond yield. This figure

shows how we calculate the yield of the synthetic conventional bond through (&) a li
ear interpolation or (b) a linear extrapolation of the yields of CB1 and CB2 atdahe m
turity date of the green bond." Zerbib (2019).

Our poblem is the limited data and thus we are not able to create synthetic bond yield

data with the interpolationor with the extrapolation Becauseof this reason we are

takingthe distanceweighted average of CB1's and CB2's yields and forming ask yield of
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the synthetic bondt™ and taking the yield difference of the green bond and the
synthetic bond Jtd j; ). We can see from the table 1 thataturities are rather close to
each other and yields are a bit larger among the conventional bonds compared to the
green bondg. Issue amounts seem to keebit higher among green bonds. Some of the
green bonds were lacking of yield data and we are left with 57 green bonds after

searching the yield data.

Kapraun et al. (2019) have compared also #seié yield differencand ourissue yield
difference of the green bond and the CB1 and CiB23,74 basis pointand the
difference of the green bond and the CB1 and CB2 mediahsbasis pointsYield
difference is 1,4 basis poinéd median is 7,2 basis points when we are conmggtie
green bond with the synthetic bond that we formed withe distanceweighted
average of CB1's and CB2's yields. We are tisentatter results /data in our further

tests.
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Min Median Mean Max
Issue yieldbf the GB -0,3950 0,2940 0,4764 2,212
Issue yieldbf the CB1 -0,589 0,2940 0,4861 3,813
Issueyield of the CB2 -0,7810 0,3360 0,5415 3,813
Issue yield of the CB1 and C -0,7810 0,3360 0,5138 3,813
Yield difference %nd ;) -34,0929 0,7216 0,1396 30,5352
GB Coupon (%) 0,00 0,7365 0,8470 2,473
CB1 Coupon (%) 0,00 0,6570 0,7905 4,301
CB2 Coupon (%) 0,00 0,7225 0,8122 4,318
GBissue amount (EUR) 94707621,26 62442783,05 19661370,25 1000000000,00
CB1 issue amoulEUR) 78727964,3  46695754,35  9830685,13 1000000000,00
CB2 issue amoulEUR) 7287453200 44238083,07  9830685,13 1000000000,0d
GB maturity (years) 2,5 5,45 5,02 7,8
CB1 maturity (years) 2,0 5,25 4,7 8,2
CB2 maturity (years) 2,0 4,75 457 7,4

Table 1. Descriptive statistics of the bonds in the sample. The table summarizes the 64 green bonds and
the two matching conventional bondgialities
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4 Experimental methodology

4.1 Is thereagreen bond premiunor a green bond discour®t

We ae estimating the green bond premiuras Zerbib (2019) witkexperimental
methodology by trying to control the residual difference in liquidFgr the previous
purpose we need a variab#) "Qn 6 'R Wilhothe variable we can find the diffence

in liquidity between a green bond and a conventional bond liquidity:

n0 QN 6 RANINMGPSO RANWP O 'RQ QO w (1)

Thus, we can define green bond premiimas a unobserved effectn the fixed

effect panel regressioon 30 QR 6 "RQ Q0 w

L o~ A~ s e £ oA N

nd;=0 b ni ENOEA E;Obile ; being the error term (2)

As Zerbib (2019) notebere are three restrictiveaspectswhen deciding the liquidity
proxies when taking into account data sources and our regression model. Our data is
low-frequency data and thus we cannot use intraday liquidity indicators such as Roll
and Gamma measure. Second point is that we do not have data of the daily trading
volumes, vhich have been used as liquidity proxies. Zerbib (2019) states also that "to
ensure full rank condition of aithin regression, any variable that does not change
over with a given bond is not suitable”. Thus, the issue amount and the issue date
cannot be sed (Houweling et. al (2005))e are using the closing percent quoted-bid
ask spreadike Zerbib (2019Fong et al. (2017Fag et al.(2017) have proved that it is

the best lowfrequency liquidity proxy and it is widely used as a measure of illiquidity

of a bond.
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As noted earlier the synthetic bonds is structured of two conventional bonds, thus the
conventional bond's biésk spread is the distaneeeighted average of CB1l's and
CB2's bieask spreads. We are using here the same method as Zerbib (28d9) a
Q SOI Q¢ £6QH0 61 "Qdpd OGO 6 1afdfw SOI Q&E 240 61 QO ®
0O PG WO 0 is Me get the synthetic conventional bond's sidk spread with the
following formula (Zerbib (2019)):

|l p=——" 1 +

ar @)

né 6y= 06 Oy -0 Oy is thus the independent variable, which is used in equation (2) to
estimate the fixed effeclinear pané Table 2 contains data aboutw 6 Gis
approximately zero and like in Zerbib (2019) we have also a low standard deviation.
This means that the issue amount and the date of issuance as the liquidity controls in

the matching methodended up results that are acceptable.

Min Median Mean Max Standard @-
viation
w06 0 -17,664% -0,003 % -0,079 % 3,944 % 0,590 %

Table 2.

Liquidity proxw 6 0w 6 @s the difference betweergreen bonds' biehsk spread andhe
conventional bonds' distaneeeighted average bidsk spread on a period of time that has
been explained earlier.

We are estimating the fixed effe@ in equation (2) for numeral reasons. We are able
to control the bondspecific timevariant undserved effect and at the same time we
are not inflictingdistribution or getting effect from the other bonds. The data also
includes the cheacteristics of a specific bond (Zerbib (2019)). Zerbib (2019) notes also
that "strict exogeneity holds and ensurasbiasedness and consistency of the

estimator." Thirdly, we do not need "the difference in liquidity proxy to be uncorrelated
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with the unobserved specific effect provides for a wide range of potential control
parameters” (Zerbib (2019)).

We arerunning he fixed effect panel data regression and also random effect panel
data regression and aftehe random effect panel regressionnning a Hausman test

to see the efficiency of fixed effect estimatofhe Hausman test notes that the
individual effects corrate with the explanatory variable and the probab#Hitglue is
statistically significant at 1 % level. Thus, we use the fixed effect estiritéocan see
that there is some problem because DurWatson stat is under 1. Rule of thumb is
that if the Durbn-Watson is less than 2 there is positive serial correlation. Because of
this we are using lagged version of the yield differentable6) and we can see that

the Dumbin-Watson value is much bettand we get ricbf the serial correlation.
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Dependent Variable: YIELD DIFFERENCE
Method: Panel Least Squares

Date: 04/28/21 Time: 14:20

Sample: 11/26/2013 12/31/2020

Periods included: 1853

Cross-sections included: 57

Total panel (unbalanced) observations: 35829

Variable Coefficient Std. Error

t-Statistic Prob.

C 0.170584 0.003288
DELTA BID ASK SPREAD  0.441196 0.007273

51.88560 0.0000
60.65855 0.0000

Effects Specification

Cross-section fixed (dummy variables)

Root MSE 0.611962 R-squared 0.270914
Mean dependent var 0.135231 Adjusted R-squared 0.269752
S.D. dependent var 0.716706 S.E. of regression 0.612458
Akaike info criterion 1.8568944  Sum squared resid 13417.87
Schwarz criterion 1.872682 Log likelihood -33244 .06
Hannan-Quinn criter. 1.863315 F-statistic 233.1891
Durbin-Watson stat 0.313474 Prob(F-statistic) 0.000000

effect panel regression.

i being the error termwith fixed
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Dependent Variable: YIELD_DIFFERENCE

Method: Panel EGLS (Cross-section random effects)
Date: 04/28/21 Time: 14:48

Sample: 11/26/2013 12/31/2020

Periods included: 1853

Cross-sections included: 57

Total panel (unbalanced) ocbservations: 35829
Swamy and Arora estimator of component variances

Variable Coefficient Std. Error t-Statistic Prob.
C 0.201434 0.041616 4.840264 0.0000
DELTA_BID_ASK_SPREAD 0.437160 0.007249 60.30339 0.0000
Effects Specification
S.D. Rho
Cross-section random 0.312640 0.2067
Idiosyncratic random 0.612458 0.7933
Weighted Statistics
Root MSE 0.612841 R-squared 0.092039
Mean dependent var 0.011014 Adjusted R-squared 0.092014
S.D. dependent var 0.643187 S.E. of regression 0.612858
Sum squared resid 13456.46 F-statistic 3631.748
Durbin-Watson stat 0.311658 Prob(F-statistic) 0.000000
Unweighted Statistics
R-squared -0.035277 Mean dependent var 0.135231
Sum squared resid 19052.90 Durbin-Watson stat 0.220114

random effect panel regression.

i being the error termwith
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Correlated Random Effects - Hausman Test
Equation: Untitled
Test cross-section random effects

Test Summary Chi-5qg. Statistic  Chi-5q. d 1. Prob.

Cross-section random 46 563734 1 0.0000

Cross-section random effects test comparisons:

Variable Fixed FRandom Var(Diff.) FProb.

DELTA_BID_ASK_SPREAD  0.441196 0.437160 0.000000 0.0000

Cross-section random effects test equation:
Dependent Variable: YIELD _DIFFERENCE
Method: Panel Least Squares

Date: 04/28/21 Time: 14:50

Sample: 11/26/2013 12/31/2020

Periods included: 1853

Cross-sections included: 57

Total panel (unbalanced) observations: 35829

Variable Coefficient Std. Error t-Statistic Prob.

C 0.170584 0.003288 51.88560 0.0000
DELTA_BID_ASK_SPREAD 0441196 0.007273 60.65855 0.0000

Effects Specification

Cross-section fixed (dummy variables)

Root MSE 0611962 R-squared 0.270914
Mean dependent var 0135231 Adjusted R-squared 0.269752
S.D. dependent var 0716706 S.E. of regression 0.612458
Akaike info criterion 1.858944  Sum squared resid 13417 .87
Schwarz criterion 1.872682 Log likelihood -33244 06
Hannan-Quinn criter. 1.863315 F-statistic 2331891
Durbin-Watson stat 0313474  Prob(F-statistic) 0.000000

Table 5. Hausman testHausnan testsays that the idividual effects correlate withthe explanatory
variable and the probabilityalue s statistically significant at % level. Thus, we use the fixed
effect estimator.
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Dependent Variable: YIELD_DIFFERENCE
Method: Panel Least Squares

Date: 04/30/21 Time: 16:03

Sample (adjusted): 11/27/2013 12/31/2020
Periods included: 1852

Cross-sections included: 57

Total panel (unbalanced) observations: 35772

Variable Coefficient Std. Error t-Statistic Prob.

YIELD_DIFFERENCE(-1) 0.893082 0.002337 382.2198 0.0000
C 0.016981 0.001714 9.906307 0.0000
DELTA_BID_ASK_SPREAD  0.038333 0.002833 13.53312 0.0000

Root MSE 0.314791 R-squared 0.806863
Mean dependent var 0.134756 Adjusted R-squared 0.806853
S.D. dependent var 0.716301 S.E. of regression 0.314804
Akaike info criterion 0.526351 Sum squared resid 3544.766
Schwarz criterion 0.527063 Log likelihood -9411.322
Hannan-Quinn criter. 0.526578 F-statistic 7471572
Durbin-Watson stat 2.397847 Prob(F-statistic) 0.000000

while  being the error termwith fixed effect panel regression
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Dependent Variable: YIELD _DIFFERENCE

Method: Panel Least Squares

Date: 05/05/21 Time: 10:11

Sample (adjusted): 11/27/2013 12/31/2020

Periods included: 1852

Cross-sections included: 57

Total panel (unbalanced) observations: 35772

Period SUR (PCSE) standard errors & covariance (d.f. corrected)

Variable Coefficient Std. Error t-Statistic Prob.

C 0.016981 0.005964 2847334 0.0044
YIELD_DIFFERENCE(-1) 0.893082 0.012036 74.20041 0.0000
DELTA_BID_ASK_SPREAD  0.038333 0.008016 4.782336 0.0000

Root MSE 0.314791 R-squared 0.806863
Mean dependent var 0.134756 Adjusted R-squared 0.806853
S.D. dependent var 0.716301 S.E. of regression 0.314804
Akaike info criterion 0.526351 Sum squared resid 3544.766
Schwarz criterion 0.527063 Log likelihood -9411.322
Hannan-Quinn criter. 0.526578 F-statistic 74715.72
Durbin-Watson stat 2.397847 Prob(F-statistic) 0.000000

Table 7. Yield differencesd; x E OEIAACOAPOAME OB 3 8. =3d;8 p +O b |

3, ENOEA E;Onhiile  being the error termwith fixed effect panel regression.

As Zerbib (2019) notase are controlling the yield differendgy the liquidity difference.
This enables that we are not facing any simultaneity effects: the difference between
the yields does not have retroactiveffect on the liquidity of the bondsWe use the
BeckKatz robust estimation of the standardrers also in theTable7. While observing

the test it seems that therés positive green bond premiumf 1,7 basis pointsThis

means that green bonds are being solddigcount.
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4.2 Further tests

We are running still some further test to find out if some other variables have an effect
on to the resultsWe are using the rating, the currency, the maturity and the issue
amount of the green bondnd also the sectr of the issuerWe are running an OLS
regression and some robust estimation of the standard errors. We are ruran®igS
regressiorwith dummy variables

i ® O3 xAAEOQET 52 A0ET CHRET A) ABAE OBD-OEODOEOU

Ol 1Qi i d&E 0¢& 0 rwhile | being the error term 4)

Dependent Variable: C

Method: Panel Least Squares

Date: 05/04/21 Time: 11:23

Sample (adjusted): 11/26/2013 11/05/2020
Periods included: 46

Cross-sections included: 48

Total panel (unbalanced) observations: 48

Variable Coefficient Std. Error t-Statistic Prob.
RATING_AAA -0.044593 0.017193  -2.593590 0.0129
SWEDISH KRONA 0.070172 0.013250 5.296126 0.0000
FINANCIAL INSTITUTI  -0.015468 0.010525  -1.469699 0.1489
MATURITY -0.000510 0.003893 -0.131056 0.8963
LOG(ISSUE_AMOUNT) 0.053092 0.001500 35.38991 0.0000
Root MSE 0.028743 Mean dependent var 1.000000
S.D. dependent var 0.000000 S.E. of regression 0.030368
Akaike info criterion -4.052511  Sum squared resid 0.039656
Schwarz criterion -3.857594  Log likelihood 102.2603
Hannan-Quinn criter. -3.978852  F-statistic -10.75000
Durbin-Watson stat 0.000000 Prob(F-statistic) 1.000000

Table 8. The estimated green bond premium with a OLS regression. We use dummy variables that
represent the most common variables among sample.

It seems that there ia serial correlation irthe Table8 according taDurbinWatsonand
because of this reason we are running the regression analysis withKB¢zkobust
estimations of the standard errors becaussthiouldbe a good tool in small panels and

the results are in th@able9.
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Dependent Variable: C
Method: Panel Least Squares
Date: 05/05/21 Time: 10:16

Periods included: 46

Cross-sections included: 48
Total panel (unbalanced) observations: 48
Period SUR (PCSE) standard errors & covariance (d.f. corrected)

Sample (adjusted): 11/26/2013 11/05/2020

Variable Coefficient Std. Error t-Statistic Prob.
RATING_AAA -0.044593 0.016861 -2.644646 0.0114
SWEDISH KRONA 0.070172 0.017397 4.033511 0.0002
FINANCIAL INSTITUTI  -0.015468 0.011468  -1.348807 0.1845
MATURITY -0.000510 0.003586  -0.142309 0.8875
LOG(ISSUE_AMOUNT) 0.053092 0.001508 35.21045 0.0000
Root MSE 0.028743 Mean dependent var 1.000000
S.D. dependent var 0.000000 S.E. of regression 0.030368
Akaike info criterion -4.052511 Sum squared resid 0.039656
Schwarz criterion -3.857594  Log likelihood 102.2603
Hannan-Quinn criter. -3.978852 F-statistic -10.75000
Durbin-Watson stat 0.000000 Prob(F-statistic) 1.000000

Table 9. The estimated green bond premium with a OLS regression and PCSE. We use dummy variables
that represent the most common viables among our sample.

We are also running a OLS regression with other dummy variables:

i d @ OER@OOADARERDAEOIET b/ OEROOEGE £1 !
&/ OERLOAOERET A) ABDAOE OBD-OEDDOOBDU Qi i dAE 6 ¢ 0

~while

i being the error term.

()

It seems that there is a serial correlation in thable10 according to DurbifWatson
and because of this reason we are running the regressimalyais with Beckatz
robust estimations of the standard errors because it should be a good tool in small

panels and the results are in tAablell.
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Dependent Variable: C

Method: Panel Least Squares

Date: 05/04/21 Time: 11:24

Sample (adjusted): 11/26/2013 11/05/2020
Periods included: 46

Cross-sections included: 48

Total panel (unbalanced) observations: 48

that

Variable Coefficient Std. Error t-Statistic Prob.
OTHER RATING THAN_ AAA 0.057612 0.016214 3.553340 0.0009
OTHER CURRENCIES -0.062339 0.014077 -4.428366 0.0001
OTHER_THAN_FINANCIAL INSTITUTION  0.020020 0.010315 1.940818 0.0589
MATURITY -0.000823 0.003882 -0.212045 0.8331
LOG(ISSUE_AMOUNT) 0.052933 0.001512 35.00190 0.0000
Root MSE 0.028668 Mean dependent var 1.000000
S.D. dependent var 0.000000 S.E. of regression 0.030289
Akaike info criterion -4.057760 Sum sqguared resid 0.039448
Schwarz criterion -3.862843 Log likelihood 102.3862
Hannan-Quinn criter. -3.984100 F-statistic -10.75000
Durbin-Watson stat 0.000000  Prob(F-statistic) 1.000000
Table 10. The estimated green bond premium with a Ole§ression. We use dummy variables
represent theremaining variables of our sample.
Dependent Variable: C
Method: Panel Least Squares
Date: 05/05/21 Time: 10:18
Sample (adjusted): 11/26/2013 11/05/2020
Periods included: 46
Cross-sections included: 48
Total panel (unbalanced) observations: 48
Period SUR (PCSE) standard errors & covariance (d.f. corrected)
Variable Coefficient Std. Error t-Statistic Prob.
OTHER_RATING_THAN_AAA 0.057612 0.016326 3.528933 0.0010
OTHER CURRENCIES -0.062339 0.017438 -3.574839 0.0009
OTHER THAN_FINANCIAL INSTITUTION  0.020020 0.011431 1.751367 0.0870
MATURITY -0.000823 0.003663 -0.224698 0.8233
LOG(ISSUE _AMOUNT) 0.052933 0.001433 36.94583 0.0000
Root MSE 0.028668 Mean dependent var 1.000000
S.D. dependent var 0.000000 S.E. of regression 0.030289
Akaike info criterion -4.057760 Sum squared resid 0.039448
Schwarz criterion -3.862843 Log likelihood 102.3862
Hannan-Quinn criter. -3.984100 F-statistic -10.75000
Durbin-Watson stat 0.000000 Prob(F-statistic) 1.000000

Table11. The estimated green bond premium with a OLS regressmhPCSBNe use dummy variables
that represent the remaining variable$ our sample.
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We are following Zerbib (2019) and using logarithm of the issue amount to linearize the
values of the variable that can be interpolated by an exponential functde.are
using dummy variables to represent currency, rating and sectomtbifithey change

the values.
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5 Results

5.1 Positive green bond premium

We are estimating the green bond premium, its significance, sign and magniele.
use Hausman test to find out that the fixed effect estimator is better than random
effect model. We cannd say that the within estimator isinbiased and consistent
because we can see that the DuriWatson states that there ia serial correlation.
However we are getting the same results while we are using the lagged dependent

variable(Table7) andwhile the DurbinrWatson is much bette

MNMean O. 001265
Median -1.13E-14
MNMaximurrm 0. 893082
MiNnimurmm -1.13E-14

- i While -, being the error termwith fixed effect panel regression.

The regression evidences a high M&&en using bieask differential to control the
difference in liquidity.This means that a 1 basis points irase in the bieask spread
price differentialtrigger a 1.7 basipoints increase im3 . TheTablel2 shows us that
the distribution of the premia of the green bondsries quite much and it gets also

negative values but themean is positive.

We used also rating, sector and currency in our regression analysis because they are
the main characteristics of a bond. We calculated premium \h#h most common
variable in our sample: swedish crowns and that the issuer type is acfala

institution. We also usAAA rating as dummy varidle in our regression ithe Table

8. We can see that if a company is a AAA rated it is negatively correlatedneith

same as if the issuer is a financial institution. It seems that maturity is also negatively

correlated with thel . Swedish crowns are positively correlateith the 1
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TheTable10 notes also that other ratingthan AAAare positively correlated with the
premium. We have to note that quite much of the sample is N/A and we do not have
better perception of the sampleso this can bias our result©ther currencies are
negatively correlated with the premium but we hat@ understand that most of the
bonds of the sample are issued in Swedish crosmshey represent a big sampling of
the sample Issuers that are not financial institution are positively correlated with the
premium. Maturity seems to have a negative effem to the premiumin the Table 8

and also inthe Tablel10. Issue amount is positively coragtéd with the premium irthe
Table 8 and also ithe Table10. Maturity seems to be statistically insignificantoar
Tables (8- 11) and also financial institutions as a dummy variable seems to be

statistically insignificant.

5.2 Checking the robustness

We test the robustness. Zerbib (2019) notes that tiegative green premium can
reflect the fact that they are lessskier than conventional bonddVe are calculating

the 10day and 3@day rolling annualized volatility during the period of interest
regarding the green bonds and the synthetic bonds. We follow the equaBdn
modified to the volatility and take the ddfence between the green bond and the
synthetic bondAfter this we are running the equatig®) and we add the difference in
volatility as an independent variabléVe use alsBeckKatz robust estimations of the
standard errors and we find no evidence thadifference in volatilityis not a result
from the yield differential between the green and conventional bonds. Thus, the green
bond premium should differ from a risk premiuffable13 and Table14 note that the
green bond premium does not differ that much with the volatility dependent variable.
We can see from the Table 15 and Table 16 that without lagged dependent (and Beck

Katz robust estimation of the standard errors) variable there is a serial aborel
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Dependent Variable: YIELD_DIFFERENCE

Method: Panel Least Squares

Date: 05/06/21 Time: 14:36

Sample (adjusted): 11/27/2013 12/31/2020

Periods included: 1697

Cross-sections included: 44

Total panel (unbalanced) observations: 6926

Period SUR (PCSE) standard errors & covariance (d.f. corrected)

Variable Coefficient Std. Error t-Statistic Prob.
C 0.013421 0.002670 5.025994 0.0000
YIELD_DIFFERENCE(-1) 0.961024 0.009279 103.5692 0.0000
DIFFERENCE_BETWEEN_10_DAY_DATA 0.000470 0.000643 0.731375 0.4646
DELTA_BID_ASK_SPREAD 0.032687 0.006125 5.336978 0.0000

Effects Specification

Cross-section fixed (dummy variables)

Root MSE 0.146785 R-squared 0.976552
Mean dependent var 0.278591 Adjusted R-squared 0.976395
S.D. dependent var 0.958653 S.E. of regression 0.147285
Akaike info criterion -0.986127 Sum squared resid 149.2259
Schwarz criterion -0.939690 Log likelihood 3461.959
Hannan-Quinn criter. -0.970117  F-statistic 6228.188
Durbin-Watson stat 2.300952 Prob(F-statistic) 0.000000

Table13. Theequation(2) estimated green bond premiumith 10-day annualized volatilitand a lagged
dependent variable witBeckKatz robust estimations of the standard errors
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Dependent Variable: YIELD_DIFFERENCE

Method: Panel Least Squares

Date: 05/06/21 Time: 14:38

Sample (adjusted): 11/27/2013 12/31/2020

Periods included: 1625

Cross-sections included: 39

Total panel (unbalanced) observations: 5456

Period SUR (PCSE) standard errors & covariance (d.f. corrected)

Variable Coefficient Std. Error t-Statistic Prob.
C 0.014709 0.003823 3.847343 0.0001
YIELD_DIFFERENCE(-1) 0.957671 0.012773 74.97654 0.0000
DIFFERENCE_BETWEEN_30_DAY_DATA -0.000575 0.000773  -0.743597 0.4572
DELTA_BID_ASK_SPREAD 0.030328 0.008613 3.521177 0.0004

Effects Specification

Cross-section fixed (dummy variables)

Root MSE 0.148021 R-squared 0.978738
Mean dependent var 0.331393 Adjusted R-squared 0.978577
S.D. dependent var 1.015218 S.E. of regression 0.148594
Akaike info criterion -0.967523 Sum squared resid 119.5429
Schwarz criterion -0.916682 Log likelihood 2681.404
Hannan-Quinn criter. -0.949783  F-statistic 6078.416
Durbin-Watson stat 2.382852 Prob(F-statistic) 0.000000

Table 14. Theequation(2) estimated green bod premiumwith 30-day annualized volatilitand a lagged
dependent variable witlBeckKatz robust estimations of the standard errors
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Tablelb. The equation (2) estimated green bond premium withday annualized volatility

Tablel6. The equation (2) estimated green bond premium withdzy annualized volatility












