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Sammandrag: 

I denna studie studeras s.k. gröna obligationer på den nordiska marknaden. 
Avkastningen från gröna obligationer jämförs med avkastningen från normala 
obligationer i syfte att se om det finns ett s.k. greenium, d.v.s. lägre avkastningskrav 
på gröna obligationer jämfört med normala obligationer. Därefter studera jag om det 
finns olika avkastningskrav på den offentliga sektorns gröna obligationer och på 
företagssektorns gröna obligationer. Som metod användes matchning. I matchning 
bygger man s.k. syntetiska par, genom att jämföra paren kan man studera effekten av 
etiketten ”grön”. När paren som ska studeras är skapade används en fast effekt-
regression för att mäta greenium. Resultatet från matchningen indikerar att det inte 
finns någon skillnad i prissättningen mellan gröna obligationer och normala 
obligationer på den nordiska marknaden och därmed finns det inte heller någon 
skillnad mellan företagssektorns och den offentliga sektorns obligationer. Efter det 
utförs två robusthetskontroller. Först byts matchningsmetodens algoritm till full 
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för företagsobligationerna, men resultatet kan förklaras med varians på grund av lågt 
n-värde och därmed kan man konstatera att det inte finns ett greenium på den 
nordiska obligationsmarknaden. Resultatet strider mot den gängse uppfattningen om 
gröna obligationers avkastningskrav som framlagt i studier av exempelvis Zerbib 
(2019) och Bachelet et al. (2019). 

 

 

Nyckelord: gröna obligationer, greenium, nordisk, obligationer, 

företagssektorn, offentliga sektorn 



iii 
 

  



iv 
 

CONTENTS 

 

1 Introduction .............................................................................................................. 1 

1.1 Research Question ............................................................................................. 3 

2 Theoretical Framework ............................................................................................ 5 

2.1 Bonds ................................................................................................................. 5 

2.2 Credit Market ..................................................................................................... 7 

2.3 Green Financing ................................................................................................. 8 

2.4 Signalling ............................................................................................................ 9 

2.5 CSR and ESG ..................................................................................................... 10 

2.6 Certification and Standards ............................................................................. 12 

2.7 Verification ....................................................................................................... 13 

2.8 Issuers and Investors ....................................................................................... 15 

2.9 Green Bond Markets ........................................................................................ 16 

3 Related literature.................................................................................................... 20 

3.1 Greenium ......................................................................................................... 20 

3.1.1 Positive results .......................................................................................... 20 

3.1.2 Mixed results ............................................................................................ 21 

3.1.3 No greenium ............................................................................................. 22 

3.2 Financial Impact ............................................................................................... 23 

3.2.1 Positive ..................................................................................................... 23 

3.2.2 Negative .................................................................................................... 24 

3.3 Miscellaneous Studies...................................................................................... 24 

4 Data......................................................................................................................... 27 

4.1 Data Collection ................................................................................................. 27 

4.2 Descriptive Statistics ........................................................................................ 28 

5 Empirical Methodology .......................................................................................... 32 

5.1 Matching .......................................................................................................... 32 

5.1.1 Assumptions ............................................................................................. 33 

5.1.2 Distances and Variables ............................................................................ 34 

5.1.3 Matching Methods ................................................................................... 35 

5.1.4 Analysis and Average Treatment of the Treated ...................................... 37 

5.2 Matching Process ............................................................................................. 37 



v 
 

5.3 Assessing Matches ........................................................................................... 39 

5.3.1 Public Sector ............................................................................................. 39 

5.3.2 Corporate Bonds ....................................................................................... 43 

5.4 Liquidity proxy.................................................................................................. 44 

5.5 Regression ........................................................................................................ 48 

5.6 Tests ................................................................................................................. 49 

6 Results..................................................................................................................... 51 

6.1 Trend ................................................................................................................ 51 

6.1.1 Liquidity trend .......................................................................................... 53 

6.2 Regression and Fixed Effect Results ................................................................ 54 

6.2.1 Public sector ............................................................................................. 55 

6.2.2 Corporate Sector ...................................................................................... 56 

6.3 Robustness Checks ........................................................................................... 57 

6.3.1 Full Matching ............................................................................................ 58 

6.3.1.1 Public Sector ...................................................................................... 58 

6.3.1.2 Corporate Sector ............................................................................... 60 

6.3.2 Results Full Match .................................................................................... 63 

6.3.3 Before and After 2019 .............................................................................. 64 

7 Conclusions ............................................................................................................. 68 

Sources ........................................................................................................................... 72 

 

APPENDICES 

Appendix 1 Descriptive Statistics ................................................................................. 85 

Appendix 2 Standardized Difference Improvemnt ...................................................... 94 

Appendix 3 Distribution of Propensity Scores Nearest Neighbour and With 
Replacements ................................................................................................................. 96 

Appendix 4 Results of Welch Test on Nearest Neighbour Without Replacement ...... 97 

Appendix 5 Improvement on Standardized Difference on Full Match Sample ........... 98 

 

 

 

 

 



vi 
 

TABLES 

Table 1 Descriptive Statistics Public Sector .................................................................... 29 

Table 2 Descriptive Statistics Corporate Sector ............................................................. 30 

Table 3 Comparing matching results for public sector data .......................................... 42 

Table 4 Descriptive statistics of the matched data set .................................................. 43 

Table 5 Summary statistics of liquidity proxy ................................................................. 46 

Table 6 Tests to determine regression type ................................................................... 50 

Table 7 Mean difference tests ........................................................................................ 62 

Table 8 Results of different bond samples ..................................................................... 65 

 

 

FIGURES 

Figure 1. Growth of green bond issuance per sector. .................................................... 17 

Figure 2 Test to compare means for whole data sample. .............................................. 38 

Figure 3 Propensity Score Spread Nearest Neighbour with Replacement .................... 41 

Figure 4 Propensity score spread Nearest Neighbour without replacements ............... 41 

Figure 5 Mean tests for public sector matches, before and after cleaning of data ....... 42 

Figure 6 Mean tests for corporate sector before and after cleaning. ............................ 44 

Figure 7 Liquidity proxy spread public sector ................................................................. 47 

Figure 8 Liquidity proxy spread corporate sector .......................................................... 47 

Figure 9 Public Sector Yields ........................................................................................... 52 

Figure 10 Corporate Sector Yields .................................................................................. 53 

Figure 11 Liquidity proxy development .......................................................................... 54 

Figure 12 ......................................................................................................................... 55 

Figure 13 Summary statistics of public sector fixed effects ........................................... 55 

Figure 14 ......................................................................................................................... 56 

Figure 15 Summary statistics of corporate sector fixed effects ..................................... 57 

Figure 16 Distribution of propensity scores full match public sector ............................ 59 

Figure 17 Distribution of propensity score full match corporate sector ....................... 61 

Figure 18 Regression results for full match samples ...................................................... 63 

Figure 19 Summary of fixed effects public sector full match sample ............................ 64 

Figure 20 Summary of fixed effects public sector full match sample ............................ 64 

 

 



1 
 

1 INTRODUCTION 

The concern for climate change has grown every year and solutions to combat it is being 

searched in every sector of science and media. The largest financial tool developed so far 

to counteract climate change was created in 2008 by the World Bank together with 

Swedish Pension funds and the Centre for International Climate and Environmental 

Research (CICERO), a new instrument called “green bond” (World Bank 2018). It was 

inspired by the “climate awareness bond” issued by the European Investment Bank (EIB) 

in 2007 (EIB 2020), which works according to the same principles. Since then, green 

bond issuance has been growing every year all over the world.  

A green bond is a financial instrument, a bond, where the money can only be used to 

finance climate change mitigating projects. These “green” projects range from industrial, 

social to utility projects. The definition of a green project is still ambiguous and has also 

received a lot of criticism, as some companies have used green bonds to finance projects 

that are not so “green” in the end, so called green washing (Barkley 2019, Grene 2019, 

Banhana 2019). It is believed that the incoming EU taxonomy which will be realised in 

2021 will create a framework where the green project definition will become clear (EU 

2019). As such green projects and especially green bonds will become more structured 

and thus, trustworthy.  

Green bond issuance has grown every year. In 2008 green bond issuance did not even 

crack one billion, but in 2019 it reached 257.7 billion USD (Climate Bond Initiative 

2020). This growth is called the green bond boom (Morgan Stanley 2017). In 2019, the 

growth from 2018 was 51 percentage with 250 new issuers (Climate Bond Initiative 

2020). This trend is not likely to slow down as climate change awareness and demands 

for these instruments keep on growing, at the same time as green bonds are seen more 

and more as advantageous for the firm as well.  

The largest issuance is found in the USA, China, France and Germany. The European 

market accounts for 45 % of the market in 2019, which is followed by Asia-Pacific and 

the US, which account for 25 percent and 23 percent, respectively. The largest sectors 

are utility and finance. (Climate Bond Initiative 2020)  

With the growing interest in climate change and the growing field of environmental 

economics, it is of interest to see how investors view the value of the label “green” and 

climate mitigation itself.  Has this new tool moved capital towards greener projects or is 

it mostly a tool to create a greener image?  
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This thesis will study the prevalence of greenium in the Nordic bond market. Greenium 

is defined as lower demanded yield due to the green bond label, where the yield to the 

investor of other ways equal conventional bond is lower (Zerbib 2019). As such, the study 

tries to find if the yield demanded is different for green bonds compared to conventional 

bonds. Data will be collected on green bonds and their conventional counterparts from 

the same issuers. The study will compare these green bonds with a matching method to 

their nearest equivalent conventional bonds to see if there will be a difference in the 

demanded yield of a green bond compared to a non-green bond. 

The thesis will be following the paper written by Oliver David Zerbib (2019), which 

compares green bonds to conventional bonds in the whole world. Nordic green bonds 

have been studied in the thesis written by Wensas & Wilt (2020) where they study the 

whole Nordic green bond market. Comparatively, this thesis will investigate the 

difference between the two sectors of green bonds in the green bond market: public 

sector green bonds and corporate sector green bonds. The study will also take advantage 

of the increased issuance of green bonds and as such have a larger green bond sample to 

study compared to Wensas & Wilt (2020) 

The main goal for the study is two-fold, first to investigate if there is greenium to be found 

in the Nordic green bond market and secondly to see if there is a difference between the 

two sectors. If there is no greenium to be found then it is clear that investors are not 

ready to forgo yield for the label green. But the more interesting question is if there is a 

difference between the two sectors. If there is a difference it would indicate that the value 

of the label green could be different depending on the issuer type, this could be due to 

reasons such as impact of the green bond and reliability of the issuer to use the proceeds 

of the bond to green projects.  It is debatable which sector is more trustworthy. Public 

sector entities could be more trustable due to the nature of not needing to maximise 

profit and the project following strict regulations. Meanwhile corporate entities might be 

more trustworthy due to the nature of the proceeds used, theoretically, more efficiently 

and with less bureaucracy.  

This study finds no difference between green bonds and conventional bonds, and as such, 

we cannot conclude that there exists a greenium in the Nordic green bond market or  that 

there is a difference between the pricing of the two sectors. In the study we conduct two 

robustness checks; the first robustness check increased matching restrictions and could 

not still find greenium, while the second robustness check only found one result, a 

negative greenium in the after dataset for corporate bonds, but due to the low n-value it 
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can be attributed to variance. As such no difference between public and corporate sector 

bonds even when dividing the data into two time periods, before 2019 and after 2018. 

The results do suffer due to the size of the data, with only around 50 matched pairs for 

both public and corporate sector data. The results also suffered from both the existing 

market situation with covid crisis and central bank interest rate around zero and or even 

negative which might bias the result due to all the bonds being priced so high. 

My thesis is divided into five parts. In the first part, I will present the theoretical 

framework about green bonds. In the following part, I will go through earlier research on 

green bonds. Part three will consist of a presentation of the data used in the thesis. 

Econometric implementation will be presented in part four, which then is followed by 

conclusions and policy implications in part five. 

1.1 Research Question 

The purpose of this thesis is to answer the following question: Is there a greenium in 

Nordic corporate or public sector green bond market? And as a follow up question: Is 

there a difference between the corporate and public sector green bond pricing? 

As such, the hypothesis for the first research question is, 

H0: No yield difference is to be found in the Nordic green bond market for either public 

sector or corporate sector bonds. 𝑌𝐺𝑟𝑒𝑒𝑛 = 𝑌𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙. This is the baseline where it is 

assumed that investors are not inclined to forgo profits for the green label. Which is to 

be assumed as the risk for the project is the same as if the bond is conventional. 

H1: There is a negative yield premium (Greenium) to be found between either public of 

corporate sector bonds. 𝑌𝐺𝑟𝑒𝑒𝑛 < 𝑌𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙. What is indicated by some studies is that 

investors are indeed ready to forgo profits for the label “green”. This can be due to many 

reasons, for example, higher demand from specialised funds that only invest into green 

projects and as such only compare green bonds to other green bonds. 

H2: There is a positive yield premium to be found between either public of corporate 

sector bonds. 𝑌𝐺𝑟𝑒𝑒𝑛 > 𝑌𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙. There is either very few or zero studies that have 

concluded conventional bonds having a lower yield than green bonds probably due to the 

reasons mentioned in H1. Theoretically it would be possible, however, if, for example, 

green bonds would be very illiquid compared to conventional bonds, which would 

increase the risk premium, or the risk for green washing would be too high. 
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For the second research question, 

H0: There is no difference in greenium between Nordic public sector or corporate 

sector green bonds. 𝑌𝑃𝑢𝑏𝑙𝑖𝑐 𝑆𝑒𝑐𝑡𝑜𝑟 𝐺𝑟𝑒𝑒𝑛 𝐵𝑜𝑛𝑑𝑠  = 𝑌𝐶𝑜𝑟𝑝𝑜𝑟𝑎𝑡𝑒 𝐺𝑟𝑒𝑒𝑛 𝐵𝑜𝑛𝑑. This is assumed, as 

investors only value the label green, and not the issuer itself. 

H1: There is a negative greenium difference for Nordic public sector compared to 

corporate sector green bonds. 𝑌𝑃𝑢𝑏𝑙𝑖𝑐 𝑆𝑒𝑐𝑡𝑜𝑟 𝐺𝑟𝑒𝑒𝑛 𝐵𝑜𝑛𝑑𝑠  < 𝑌𝐶𝑜𝑟𝑝𝑜𝑟𝑎𝑡𝑒 𝐺𝑟𝑒𝑒𝑛 𝐵𝑜𝑛𝑑.  This result 

could be plausible if investors trust public sector issuers more than corporate issuers on 

average. 

H2: There is a positive greenium difference for Nordic public sector compared to 

corporate sector green bonds. 𝑌𝑃𝑢𝑏𝑙𝑖𝑐 𝑆𝑒𝑐𝑡𝑜𝑟 𝐺𝑟𝑒𝑒𝑛 𝐵𝑜𝑛𝑑𝑠  > 𝑌𝐶𝑜𝑟𝑝𝑜𝑟𝑎𝑡𝑒 𝐺𝑟𝑒𝑒𝑛 𝐵𝑜𝑛𝑑 . This result 

could be plausible if they feel that corporate sector issuers would benefit more from green 

bonds than public sector issuers due to improved economic outlooks. 
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2 THEORETICAL FRAMEWORK 

 

2.1 Bonds 

This study will focus on green bonds in the Nordic market. Bonds are a type of securities 

that is issued by an organisation to finance their projects. The most common issuers of 

bonds are companies and governments, but even supranational entities or municipalities 

can issue bonds. The issuer sells the bond on the market to a bond buyer. As such, the 

issuer is the borrower and the buyer the lender. The bond is a type of contract, where the 

issuer promises to pay to the buyer a certain amount of interest rate, known as coupon, 

and the nominal amount at a specific date known as, maturity (Berk & DeMarzo 2017 

p.206).  

There are many kinds of bonds, such as, fixed rate bonds, which pay a fixed rate through 

its lifetime, floating rate notes, which vary depending on the reference rate decided by 

the central bank that it is linked to, convertible bonds, which let one exchange bonds into 

shares of the issuer, and many more. The fixed rate bond is the most common type of 

bonds issued. The interest rate that a bond is issued with is decided at issuance usually 

by the issuer (Berk & DeMarzo 2017).  

2.1.1 Coupon Rate, Yield to Maturity and Prices 

It is important to distinguish the difference between coupon rate and yield to maturity. 

Coupons are payments that are paid to the owner of the bond, by the issuer.  To 

determine the coupon amount, one simply multiply the coupon percentage with the face 

value of the bond (Berk & DeMarzo 2017 p. 206). 

For example, a bond with face value of 100 dollars and coupon percentage of five, then 

each year the issuer will pay five dollars of interest to the investor. Depending on the type 

of bond the coupon rate might be fixed or floating, both having its upsides and downsides 

to both the investor and the issuer.  

Berk and DeMarzo (2017) define yield to maturity (YTM) as: “Yield to maturity of a bond 

is the discount rate that sets the present value of the promised bond payments equal to 

the current market price of the bond”, YTM is better known as yield and will be called 

yield in the rest of the thesis. So, if an investor pays 95 dollars for a bond which matures 
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in one year, receives a five-dollar coupon and 100 dollars at maturity then the yield is 

10.5 percent.  

The parity between coupon rate and yield is quite simple; if the yield is higher than the 

coupon rate, the bond will trade at a discount due to the investor receiving both the 

coupon (five dollars) and the difference between the face value (100) and the paid 

amount (95). If the YTM is equal to the coupon rate, then the bond trades at a par and if 

the yield is lower than the coupon rate, then the bond trades at a premium, as investors 

are ready to pay more for the same amount of coupon payments. (Berk & DeMarzo 2017 

p.211). 

Price of the bond and yield have a reverse relationship, the higher the yield the lower the 

price, and the lower the yield the higher the price. Greenium means that investors are 

ready to forgo yield and thus, pay more for an equally valued bond. As such, greenium 

can be described either using yield (demanding less yield) or as being ready to pay more 

for a green bond (Berk & DeMarzo p.2011). 

2.1.2 Basis Points 

When studying bonds and their yield, the term basis points (bp) is most often used to 

refer to the change in coupon rate or yield. One basis point is a change of 0.01 percent 

point, which means that a change of one percent in coupon rate equals a change of 100 

basis points (Constable 2013). Basis points are useful due to the small changes that occur 

in bond markets. Yield fluctuations are miniscule and thus referring in basis points gives 

a clearer picture of the change in value. Yet a small change in basis points often means 

huge changes as the face values of the bonds increases. A change of 1 basis point on yield 

rate on a bond with face value of 100 million equals over 10 thousand each year.   

2.1.3 Green Bonds  

 
Green bonds are a new sort of bonds, which were introduced in 2008 by the World Bank 

to combat climate change (World Bank 2018). A green bond can be any sort of bond, 

fixed, convertible and so on, but what makes them special is that the money which the 

project is financing must be linked to a project that mitigates climate change or has 

positive environmental or climate benefits (Climate Bond Initiative 2020). There are 

four main types of green bonds, “Use of Proceeds bond”, which is linked to project, the 

most common type, “Use of Proceeds revenue bond”, which is linked to the income of 

the project, “Green project bond”, which is secured by the assets of the project, and Green 
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securitized bond, which is secured by the company's assets (Circular Economy 2020 & 

Climate Bond Initiative 2020). Green bonds have been under a lot of scrutiny due to the 

nature of the definition of “green”. There are many cases of green bond proceeds not 

going to green projects or of outright scams (Financial Times 2015, Biomass 2020, 

Barkley 2019, Grene 2019 & World Bank 2018). As such, certification and 

standardization are of great importance for green bonds to minimize risks for investors 

and making them more attractive (Flammer 2019). 

2.2 Credit Market 

Credit market refers to a market where companies and governments issues debt to 

investors. Capital is lent to projects depending on the risk and yield of the project. The 

lender demands a certain amount of yield depending on the risk of the project. The 

interest rate set by the central bank is deemed as the risk-free rate, which is usually the 

rate that perceived risk free bonds such as, AAA government bonds yield. As the risk 

increases the demand for higher yield grows and the cost of capital increases for the 

borrower (Mitchell 2020).  

Credit markets are vital to the development and growth and there are many studies 

proving correlation between financial development, credit markets, and growth (Pagano 

1993). Credit market indicators such as spreads and liquidity can tell about which way 

the economy is developing, where higher liquidity and lower spreads usually indicates 

higher market activity and capital movement (Duca 1999). If credit markets are stagnant, 

and financing is hard to find, companies and organisations can have a hard time finding 

capital to finance their projects. This can also lead to higher cost of capital, which stops 

investments as lower amount of capital in circulation will lead to increase in interest rates 

if the supply stays the same (Duca 1999). As such, the two largest determining factors of 

cost of capital are the supply of capital and the central bank interest rate. If one of these 

are altered, the cost of capital has changed and the behaviour of the credit market 

changes.   

It is to note, that green bonds do not only compete against green bonds in a market, but 

they also compete against conventional bonds. Green bonds’ only advantage towards 

conventional bonds so far is the label green, which would attract special socially 

responsible investing (SRI) investors who might be ready to forgo yield for the label. Yet 

many institutional investors cannot forgo profits in face of competition and in general  

clients for funds are not ready to pay a premium for green bonds (Chiang 2017). Also, as 



8 
 

green bonds are not equal in demand and supply compared to conventional bonds, green 

bonds are oversubscribed 3.9 times (so for every 1 million issued 3.9 million is bid) and 

conventional bond only 3.3 times on average (Climate Bond Initiative 2019), this causes 

the yield to drop, ceteris paribus. If verification becomes cheaper and easier to attain, 

supply might increase more drastically, and demand might be sated. This could lead to 

lowered demand per bond, which would increase the yield, ceteris paribus. 

 

2.3 Green Financing 

Climate change is one of the largest challenges to humankind, not only to the 

environment but also to our health and security (UN 2020 & Carle 2015).  One large part 

in the process to combat climate change is financing the investments needed to halt and 

even reverse the effect of global warming. The numbers are staggering, according to UN 

climate scientists there is a need of 300 billion USD (Bloomberg 2019), meanwhile the 

International Energy Agency reports 44 trillion USD until 2050 (MIT 2014) and Morgan 

Stanley analytics estimate that 50 trillion USD are needed by 2050 (Sydney Morning 

Herald 2019). As such, the financial institutions play a huge part in creating the needed 

financial support to stop global warming. Yet the money is available; institutional 

investors alone control 100 trillion USD in assets already in 2018 (World Bank 2018). 

The question is more about motivating investors, small or large, to move their capital 

towards climate change mitigation. There are different ways to alter the behaviour of 

investors and corporation, some are more heavy handed such as regulation and cap and 

trade, meanwhile some try to motivate through incentives such as, new instruments, 

subsidies and profitable investing opportunities.  Green Bonds is a new tool to create 

financing that is specifically targeted to combat climate change.  

There are other tools, Green Insurances for example, to motivate the insured part to act 

greener. For example, a green car insurance works is based on “pay as you drive”, i.e., 

the more you drive the higher the insurance premium is, or a green home insurance that 

instead of reimbursing the repairs, only reimburses if  greener materials to decrease 

energy consumption is used (Environmental Conscience 2020).  

Green micro financing (GMF) finances small local projects to help combat climate 

change, with projects such as solar panels to villages or financing small scale farmers to 

use environmentally friendly products to produce their crops. GFM gives out small-scale 

loans to recipients who otherwise could not access credit markets and follows good 

lending practises unlike quick loans (Allet & Hudon 2015). 
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2.4 Signalling 

A large part of economic activity discusses the topic of information; it assumes that all 

parties have a certain amount of knowledge about the subject or investment decision. 

Very rarely do all parties have an even amount of information, most often there is large 

differences in known information, known as asymmetric information. In most situations, 

there is one participant who knows more than the other participants know. This is 

normal in situations such as job hiring, where the applicant knows about his or her own 

skills way better than the hiring party does. To make the employer know what the 

applicant is capable of, the applicant can signal his or her skills through a resume or an 

interview.  

This is what Michael Spence used as an example in 1973 in his paper “Job Market 

Signalling”, where he created a model to try to explain how market signalling equilibrium 

can be reached.  There has been a plethora of signalling papers since Spence’s paper, for 

example, Waldfogel and Chen (2006) who study how third-party sites can cause brand 

value to drop as information increases for customers. Or Leland and Pyle (1977) who 

studied how information affected financing of projects, where actions are the main 

reliable way to signal information.  

2.4.1 Verification 

A way to signal a project's value is to get a third-party verification or judgment about the 

quality of a project, or, in this case, a company. In the bond market there is a heavy use 

of credit rating agencies that analyse the “health” of the company to signal information 

to potential lenders about the risk of default. As companies are ready to prove their 

solvency by paying for a verified third-party analyst, it signals potential investors of its 

health by being ready to pay for this information. As such, the action (paying) taken by 

the bond issuer signals to the investor the real worth of its “word”. These credit rating 

agencies have existed for a long time; in 1909, John Moody created the first bond ratings, 

focusing on railroad bonds (Lawrence 2010). In 1975, the U.S Securities and Exchange 

Commission (SEC) created Nationally Recognized Statistical Rating Organizations 

(NRSROs) that designates agencies to analyse the credit rating of firms. These rating 

agencies are Moodys, Standard and Poor’s and Fitch (Frost 2007 & Stolper 2009).  

These agencies give ratings from AAA to C where AAA is the best and C the worst. AAA 

to BBB- are bonds that are investment grade and BB+ to C are so called “junk bonds” 

(Lawrence 2010 & Moody’s 2020). If you have a rating, let us say B+, it signals that you 
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have at least a rating better than CCC, this is why companies are ready to pay these 

NRSROs to rate them as it signals to potential investors their health. If they would not, 

investors would assume they have something to hide and would demand higher yield to 

compensate for the risk. As such credit rating agencies are extremely dominant in 

defining what is the price of the issued security.  

There is criticism against these agencies, as they are getting paid to do these ratings by 

the corporations themselves, there is a possibility that they might want to inflate credit 

rating numbers to motivate companies to pay more or come to them. (Partnoy 2006 & 

Stolper 2009). These rating agencies have also a lot of power; a credit score increase from 

BB to BBB can decrease borrowing cost up to 50 percent (Bahena 2010). 

2.5 Externalities and Corporate Social Responsibility 

The main cause for climate change is greenhouse gases, these are produced as a side 

product due to either creation or use of oil and gases. As humans consume products like 

gasoline it produces carbon dioxide which is then stored in the atmosphere and heats up 

the climate (European Comission 2020). This change in nature is a cost that is not easily 

quantifiable and as such, is not incorporated in the marginal cost of producing or 

consuming gasoline. This is what Pigou formalized as externality, a cost or profit, that is 

outside the market itself (Pigou 1929). This is described as a market failure, where the 

outcome of actions in the market is not pareto optimal (Bator 1958). In this case the costs 

on the society and nature are not reflected in the true price of gasoline and as such the 

market does not price the use of gasoline by its real price, hench the failure. To solve this 

problem Pigou (1929) proposed a tax, that equals the marginal cost of the externality, 

this tax became later know as Pigouvian tax. But it has been argued that Pigouvian taxes 

are not enough to solve the issue with externalities (Carlton & Loury 1980). As such, it 

has been argued that corporations must start to act, not only to limit their pollution but 

to counteract it to stop climate change. However, still in 1970 Milton Friedman wrote in 

the New York Times how the only thing that matters for companies is the profit and social 

responsibility belongs to the public sector (Friedman 1970).  

 

2.5.1 CSR and ESG 

In 1970, the discussion about societal impact of companies started to grow, cases such as 

the Sullivan Principles, which discussed what American companies could invest into 

apartheid South Africa. In 1988 James S. Coleman wrote his paper “Social Capital in the 
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Creation of Human Capital”, which was the first major step towards looking into how 

social actions create value, or capital in this case. This was followed by probably the most 

influential paper, “The Triple Bottom Line of 21st-Century Business by John Elkington 

(1998), where he presents how taking care of all the stakeholders, not only shareholders, 

will be the key for future success.  

This has been formalized in the form of Corporate Social Responsibility (CSR). CSR has 

always been an abstract concept, there is no defined border on what constitutes CSR. The 

topics it covers is extremely far and wide, as social, economy and nature tend to be 

(Sheehy 2015). As such, Sheehy 2015 defined CSR as international private business self-

regulation. CSR is practiced by companies themselves and constitutes self-reported 

actions and efforts it takes to be socially responsible. Some consider CSR as a 

complement to advertising to create a greener image (Perez & Salmones 2017, Bazillier 

& Vauday 2009) which attracts customers who are ecologically inclined (Zbuchea 2013, 

Ahmed et al. 2020). This causes the problem with greenwashing, where companies are 

motivated to create an image that they are green, even though they might not even 

practise CSR activities (Bazillier & Vauday 2009, Aggarwal & Kadyan 2014).  

Studies on CSR investments are still mixed; Tarmuji et al. (2016) and Clubb et al. (2016) 

find a significant correlation, while Sahut and Paswuini-Descomps (2015) find only 

correlation in UK and none in Switzerland and US. Yet there is evidence that CSR 

activities decrease future cash flows (Mackey et al. 2007, Siegel 2009) and there is 

studies criticising CSR studies (Abagail & Siegel 2000, Orlitzky et al. 2003, Orlitzky 

2013). Therefore, a definite conclusion cannot be made. The issue in recognising the true 

return in CSR investments probably lies in the execution of the studies (Xie, Jun et al. 

2019).  

Another concept is ESG, which stands for Environmental, Social and Corporate 

Governance and indicates what the value of the societal impact from an investment. The 

difference to CSR being that ESG is a set of standards which stakeholders can compare 

the performance of CSR investments. The connection between ESG scores and 

shareholder value is still being debated. According to most theoretical work, the 

profitability of the company should increase with increased ESG investments and higher 

CSR. Research debates that ESG value creation can come from many sources such as 

better and happier employees (Turban & Greening 1997, Balakrishnan et al. 2011), better 

marketing (Fombrun 1996, Albuquerque et al. 2012) and lower cost of capital (El Ghoul 

et al. 2011, Chava 2014). Some argued that the causes for higher stock value is that there 
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are more investors in green firms. As green investors will only invest into green firms 

and not into “gray” firms and thus increase the liquidity of the stock (Barnett & Salomon 

2006, Fernando Sharfamn Uysal 2010). In the same way, creating a green image might 

attract customers that only are interested in green products (Waddock and Graves 1997 

& Zbuchea 2013) 

2.6 Certification and Standards 

In the dialogue of green bonds, certification is an important part for investors (Chiang 

2017) and is proven in many studies to matter in both the stock market (Flammer 2018) 

and yield demand (Bachleta et al. 2019). As such, certification and verification that the 

proceeds are used to finance green projects is of great importance.  

As green bonds became more and more popular and the demand for a third-party 

verification rose, it gave way to the birth of non-governmental organisations (NGO) that 

certifies green bonds projects. The list of verifiers nowadays is very long and works from 

different parts of the world and some focus on special kinds of projects. The best way to 

find a comprehensive list look at Climate Bond Initiative verifiers list (CBI 2020).  

Before 2014, the framework for what was green was extremely wide and undefined, 

different countries and different types of projects could have completely different 

standards. However, in 2014 the introduction of the Green Bond Principles by the 

International Capital Market Association finally brought forward a standard that could 

be applied internationally (Conservation Finance 2020). Green Bond Principles has 

become the de facto standard followed by investors and issuers alike (Chiang 2017 & Park 

2018)  

The most used label of green bonds is the Climate Bond Standard, which is given by the 

climate bond standard board to projects following “rigorous scientific criteria and which 

are consistent with the 2 degrees Celsius warming limit declared in the 2015 Paris 

Agreement.” (Climate Bond Standard 2021). The board can give a certification mark 

before the sale of the bond, but the issuer must gain a post-issuance stamp by certifying 

the project to confirm that standards are followed (Climate Bond Initiative 2020). But 

this standard is still not used by everyone, many investors prefer to do their own due 

diligence and determine what is green according to their own parameters (Chiang 2017, 

Sustanalize 2020), and as such what is considered green still varies greatly.  
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The next step taken on standardisation of what is green is taken by the EU to create a 

taxonomy that would establish a framework which would define how the green bond 

money would be used, so called “green activities” (OECD 2020 & EU 2020). An EU 

expert group on sustainable finance tasked by the European commission deemed 

necessary to create an EU Green Bond Standard (EU GBS) (European Commission 

2020). This standard is being created by the Commission's Technical Expert Group on 

Sustainable Finance (TEG). The framework is called EU taxonomy and there has been 

talks about creating it as a legislative initiative and not only voluntary standard 

(European Union 2019). The report came out in Mars 2020 and the first draft of the 

taxonomy entered EU regulation on 12 of July (EU 2020). It is believed that it will be 

adopted as a worldwide standard at some point (Quinson & Freke 2019). But so far there 

has been criticism against the taxonomy, specifically against the rules set by taxonomy. 

So far only 1 % of all green bonds would fall inside the taxonomy definition of green due 

to very high demands on what is green (Hay 2021). As such, it still needs modification or 

might fall short of what was expected of it. 

2.7 Verification 

 
Green bonds can be verified in multiple ways. Investors themselves can choose what they 

decide to be the demanded verification, for example, external reviews. Though, some 

investors do their own due diligence (Chiang 2017), and some do none and trust the self-

labelled green bonds.  

Self-labelling is the cheapest way for issuers to verify their bonds, but it has the highest 

risk for the investor. The investor must trust the issuer to use the proceeds as it states 

when it issues the green bond, as it might be hard to follow where the money goes 

especially if it is an international project. This causes a great deal of risk on the investor 

to expose itself to greenwashing. Some investors, especially those specialised in SRI 

might do their own due diligence, which might be costly but the most reliable way to 

remove the risk of greenwashing. 

The most common way to verify the greenness of the green bond is by external verifiers. 

An independent company or organisation does a review on the framework and/or the 

project, and if the proceeds are used as designed, and gives a report to investors. There 

are a plethora of verifiers acting globally, which are also verified either by the investor or 

by an NGO. Most verifiers follow the guidelines developed by Climate Bonds Initiative 

(CBI), and the requirements to become an approved verifier by CBI is three folded; 
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technical knowledge in issuance of debt instruments, technical knowledge in 

characteristics and performance for low carbon projects and, finally, provision of 

assurance services in line with the ISAE 3000 standard. Most common verifiers in the 

Nordic green bond market are Sustainalytics and Cicero (Global Green Bonds 

Partnership 2020), which is also the case for the study’s dataset.  

There are different levels of verification through third party verifiers. The most used 

verification is a second party opinion by a verifier on the green bond framework that is 

developed by the issuer. It gives an assessment on the framework from both a reliability 

perspective and on the greenness of the projects itself. Green bond ratings are given by a 

rating agency, such as Moody’s, on their reliability to green credential. (CBI 2021) 

A new type of verification is Governmental Guidance, where the national or 

multinational governments, such as EU taxonomy or Kenya, have a legal framework, 

which must be followed.  

2.7.1 Green Bond Principles 

“Green Bonds Principles (GBP) is a voluntary process guideline” (ICMA 2018) which is 

intended for broad market use to help grow the green bond market. The guideline has 

become the de facto standard (Chiang 2017) used by most projects and verifiers. GBP is 

divided into four different components as explained by International Capital Markets 

Association (2018).  

Use of Proceeds is the first component and the most important one. The issuers need to 

provide a detailed and clear description of where the proceeds are used, how it is divided 

to financing and refinancing and what are the project types. The most often used 

categories are climate change mitigation and or adaption, natural resource- and or 

biodiversity conservation and pollution prevention and control. (IMCA 2018) 

The second component, Process for Project Evaluation and Selection focuses on how the 

issuer should inform investors about the project, the main focuses being the 

environmental sustainability objectives, how the process fits the Use of Proceeds 

categories and if there are other related eligibility criteria such as socioeconomic 

risk. (IMCA 2018) 

As a third component, Management of Proceeds details how the issuers need to report 

and keep the capital separated from other assets, such as separate bank accounts or sub-
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portfolio. GBP recommends using a third-party verifier or auditor to verify the 

management of the funds. (IMCA 2018) 

The last component, Reporting, states that issuers should make and maintain 

information about how the project is developing, how the proceeds are allocated and 

about the expected impact. It is also recommended to provide information of the climate 

impact of the project, positive and negative, and updated the information regularly to 

keep a high level of transparency. (IMCA 2018) 

2.8 Issuers and Investors 

 
Green bonds have different positive and negative sides depending on the market of the 

issuer and type of issuer. Governmental issuers do not face the same risks and 

possibilities as corporate issuers and have different reasons to issue green bonds. Also, 

investors face different kinds of risks and benefits than issuers themselves.  

The first major downside of green bonds is the upfront fixed cost of issuance. The cost of 

verification can be large (Baker et al. 2018), and the opportunity cost of spending 

resources to adapt and create a green bond framework might be quite costly (GRESB 

2016). But if green bonds give lower cost of capital to issuers through greenium, it would 

be a major incentive to issue green bonds. Even a small negative change in interest 

payments would be a profitable investment. Let us say with an issuance of 100 million, a 

decrease of one basis points would save 10 000 a year.  

However, if lower cost of capital creates incentives to invest more, the company or 

governmental entity might increase their fiscal burden, which in turn increases the 

solvency risk of the issuer. This can cause government entities to have to cut costs on 

other projects such as pensions due to budgetary restrictions (Giugale 2018). The reverse 

is also possible, as capital is more available for corporations or municipalities, they might 

invest into other projects they would not otherwise which would also increase the fiscal 

burden (Giugale 2018). But companies might have invested into these projects anyway 

without the incentive of green bond, but now they can also pay for their employees' cars 

due to the lowered cost of capital. For governments it might induce spending which is 

unnecessary or not in line with budgetary restrictions. Governments might have to invest 

into new greener roads, but now as they secured new financing, they can also pay larger 

pensions for their voters. From an investor perspective, you might indirectly fund the 

pensions and cars instead of the green investments (Giugale 2018). 
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For governments it could also lead to problems with financing other projects if the capital 

is linked to only certain types of projects. In the long run, if green bonds (or social bonds) 

become very widely used, investors might only want to invest into specific projects and 

avoid unpleasant projects such as prisons. This could lead to underfunding or increased 

cost of capital to these projects. (Giugale 2018).  

The main positive side for issuers is the signalling mechanism of the green bond. It is a 

clear signal of commitment towards environmentally friendly projects, as the issuer or 

the political leader spends resources and time to create such a framework(Giugale 2018). 

For corporations this signals a very strong commitment towards greener investments 

and strategy for the company. If an energy company only issues green bonds, you know 

it will focus on producing green energy. It might give a positive image to the company 

which can give a positive effect on consumers (EU 2018 & Flammer 2018). Leading 

politicians and officials in the public institutions can signal strongly to their voters how 

their taxpayer money is being used. Public institution can also signal that these projects 

will not be cancelled, as green bond proceeds must be used for certain projects, as such 

the project must be completed. This can lead to problems also, as projects that are 

financed by green bonds might also fail or be harder to implement. The capital from the 

green bond cannot be used to finance other projects and thus either be returned, 

refinanced or cancelled after the capital is used up(Giugale 2018). 

For investors, the largest benefit is the diversification of their portfolios. This brings a 

new way to incorporate ESG and CSR to portfolios and indirectly invest straight to 

climate change mitigation projects. Of course, there is always the risk of green washing 

and investors can hardly ever be a hundred percent certain that the proceeds used go to 

the promised project.  

There are also tax-exempt municipality green bonds, which give a nice increase in 

profitability for investors, tax credit bonds, which do not have to pay interest and instead 

give tax breaks or subsidies to the investor, and direct subsidy bonds, which give 

subsidies to the issuer to pay the interest (CBI 2020).  

2.9 Green Bond Markets 

Different geographical markets are not homogenous due to cultural differences (Zhu & 

Cai 2014), and this has caused small differences in how Green bond markets have 

developed and applied in different parts of the world. Green bond is quite a new security 

and CSR has spread differently to different parts of the world, which has led to different 
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levels of maturity in the green bond markets. The countries with largest cumulative 

issuers in 2019 in order was USA, China, Japan, Sweden and France (Climate Bonds 

2020). Sweden being in the top five is quite remarkable compared to the market size. 

Green bond issuance has grown rapidly in since the first green bond was issued in 2008. 

In 2008, green bond issuance did not even crack one billion in issued amount, but 

already in 2019 it reached 257.7 billion USD (Climate Bond Initiative 2020). This growth 

is called the green bond boom (Morgan Stanley 2017) and is expected to continue as SRI 

and climate change awareness continues to spread. In Figure 1, the development of the 

green bond market by market can be seen. The growth in 2016 and 2019 are quite major, 

in 2016 the growth was driven by Asia-Pacific and in 2019 driven by Europe (Climate 

Bonds 2020). 

 

Figure 1. Growth of green bond issuance per sector.  

Source: Climate Bond Initiative “State of the Market 2019” (2019) p.5. 

 

2.9.1 Nordic Market 

The Nordic countries have been at the forefront of societal and environmental 

sustainability, which has led them to adopt and even design green bonds (Nassiry 2018). 

The original green bond idea was developed thanks to Swedish pension funds and the 

SEB. Due to the early adoption of green bonds, the green bond market is quite mature 

compared to most countries. The Nordics have also been on the forefront of green bond 

growth. There are multiple firsts in the green bond market by Nordic issuers. The first 
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corporate green bond was issued by Vasakronan in 2013, the first public sector issuer 

was Kommunalbanken Norway in 2010 and the first Green City bond was issued by City 

of Gothenburg in 2013. The first supranational bank issued green bond outside of EIB 

was also issued by the Nordic Investment Bank (NIB) in 2010. (CBI 2020). The Oslo Børs 

(January 2015) and Nasdaq Stockholm (June 2015) were the first stock exchanges to 

have a sustainable bonds list (CBI 2020).  

Therefore, the Nordic green bond market is one of the oldest and has had time to mature, 

especially considering that Swedish municipal and city bonds account for 41 percent of 

all European local government bonds. Even Finland, who is the second smallest issuer 

in the Nordics, was the 20th largest in the world by cumulative issuance in 2018 (CBI 

2018). The Nordic bond market is also characterised by a very high percentage of verified 

green bonds. Of all green bonds in Sweden 99 % were verified, in Norway 95 % and in 

Finland and Denmark 100% as of 2018 (CBI Nordics 2018). However, even the Nordic 

green bond market is split, as Sweden accounts for 50 % of all green bond issues relative 

to Finland's five percent. 

The Nordic market has also a diverse issuer base with over 15 different issuer markets. 

The average issue size is quite small, which leads to most bonds being issued in local 

currency, where SEK is 45 percent of the whole Nordic market (CBI Nordics 2018). 

2.9.2 European Market 

In the whole EU area, there are 21 different green bond markets. It is of note that Nordic 

region is incorporated into the European market data. European market is more 

developed both from an issuer perspective and an investor perspective as European asset 

managers were the first to create green bond funds. But understandably different areas 

in Europe have developed differently. The Nordics has quite a mature market whereas 

Easter European countries have fallen behind (CBI Europe 2018). Comparatively to 

Nordic market, the maturity of the green bonds is longer, and issue amounts larger, 

probably due to the size difference in companies and public institutes, Euro being the 

dominating currency. Interestingly the largest verifier is Vigeo-Eiris (CBI Europe 2018) 

compared to CICERO in the Nordics and the verifier market is more heterogeneous. Also, 

93 percent of all green bonds were verified by a second party opinion in 2018 in the 

European market, which is lower than in the Nordics.     
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2.9.3 North American Market 

Green bonds were adapted first in the European market, but the US market has quickly 

grown to the largest issuer in the world in issuance amount (CBI 2020). In the same way 

as the European market, US treasurers are trying to create a green bond framework to 

help development of the market and the definition of green (IAAC 2019). US 

municipality green bonds can be tax-exempt which gives an interesting dynamic to 

investors, as investors can demand less yield due to the increased profitability. The 

Canadian market has started to follow the US market and issuance and investors have 

started to rise. Of all Canadian green bonds only, 89 percent were verified through an 

external review (CBI Canada 2018).  

2.9.4 Asia 

Green bonds in Asia are not as widespread as in the US or Europe, as there are only 14 

different Green bond markets and 127 different issuers (CBI Europe 2018). Most of the 

green bonds issued in Asia is issued in China.  The largest differences between China and 

other markets are that it has its own guidelines on what is green, the largest difference 

being that green bonds should focus on environmental benefits, not mitigation, and a 

part of the capital can be used to finance other costs. The Chinese market also has 

financial leasing, where corporations can lease low carbon infrastructure and the leasing 

company can use green bonds to buy the equipment. Yet, in 2019 the first Chinese 

municipality bond was issued, which shows that the municipality sector is lagging 

compared to the Nordic sector (CBI China 2019). 



20 
 

3 RELATED LITERATURE 

The interest on green bonds has grown in recent years during the green bond boom, 

which has raised the interest in the topic from both the media and the academic field on 

the effect of green bonds. Green bond research is mostly focused on recent years, as data 

has become more widespread and the need for research has grown. Green bond research 

is still quite narrow, and no definite conclusion has been had, but many indications of 

certain effects can be found.  

 

3.1 Greenium 

 
The focus so far on green bonds has been the discussion about the so-called “greenium”, 

where greenium is defined as lower yield demanded for an equal bond which is issued as 

green. Greenium is of interest due to the effect on investments if green bonds have 

lowered coupon costs and higher demand by investors. If coupon costs are lowered, then 

companies would have lower cost of capital on green investments. If investors are ready 

to forgo yield which is a form of opportunity cost, then it would show there is a true 

movement towards greener financing and interest from investors to mitigate climate 

change even for a cost. If there is true movement towards climate change mitigation, then 

investors would be ready to accept lower returns, to gain a greener image or just for the 

sake of philanthropy. The results of greenium existence vary strongly between different 

studies. 

3.1.1 Positive results 

There are many studies indicating the existence of greenium, albeit the difference being 

small.  

Zerbib’s article "The green bond premium."(2017), looks into 135 investment grade 

green bonds and matches them to conventional bonds. He finds a negative premium of 

three to seven basis points on green bonds, where in EUR nominated bonds risk is the 

main driver of the negative premia and in the USD nominated bonds the premium 

decreases with higher yield.  

In a second study Zerbib "The effect of pro-environmental preferences on bond prices: 

Evidence from green bonds." (2019), finds that there is on average a negative two basis 

points premium on green bonds compared to their matched brown counterparts, where 
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the largest premium is found in financial and low rated bonds. The larger difference 

between low rated might come from the larger yield spread.  

He is also supported by Baker et al. (2018) Financing the response to climate change: 

The pricing and ownership of US green bonds. They find that US municipality green 

bonds are traded with a negative premium as they are bought for their green label. 

Moreover, the more verified a green project is, the larger the premium. Unlike most other 

studies, they use a regression and control for different effects that might bias the results, 

their sample being 2083 green bonds and 643 thousand regular bonds.  

Agliardi and Agliardi, in the article "Financing environmentally-sustainable projects 

with green bonds” (2019), meanwhile create a model to describe the value of the green 

bond and how the prices change depending on certain variables. In their model greenium 

can be found and the cost of capital for issuers can decrease if the volatility of the project 

decreases. They also suggest that green bonds should be made tax-exempt to decrease 

their prices.  

3.1.2 Mixed results 

Some studies get mixed results from different sectors, subclasses or issuers, which would 

indicate that different bonds are priced differently due to the nature of the green bonds, 

and the use of proceeds. 

Fatica et al. (2020) in "The pricing of green bonds: are financial institutions special?" 

compare with a sample of 1 397 bonds how financial and non-financial organisations 

green bonds yield differently to ordinary bonds. They find that financial institutions do 

not have a greenium, but all non-financial institutions do have a negative premium for 

green bonds. They assume it is because the financial organisations decrease their lending 

to other projects and financial green bonds often seem to lack certifications, and such 

cannot signal or prove that they are going to green projects.  

Meanwhile, Bachelet, Maria Jua, Leonardo Becchetti, and Stefano Manfredonia find in 

"The green bonds premium puzzle: The role of issuer characteristics and third-party 

verification." (2019), that green bonds do not have a greenium when compared to their 

conventional bond counterparts. But when they split the data to institutional and non-

institutional, the institutional do have a greenium and higher liquidity if the organisation 

is able to signal their investments greenness properly or is more trustworthy. They use a 

matching sample with 86 bond pairs. 



22 
 

Meanwhile some find that the issuers industry pays a role into the yield spreads. For 

example, Hachenberg and Schiereck (2018) find in their study Are green bonds priced 

differently from conventional bonds? that A or higher rated bonds trade tighter, closer 

to the risk-free rate, by analysing daily i-spreads on 7032 green bonds and 14 064 

conventional bonds. On average green bonds do not trade tighter, but they find that the 

spread is more industry related, where financials trade marginally tighter and 

government green bonds marginally wider.  

There are also studies that debate how green bond issuers are different than average 

bond issuers. Karpf, Andreas, and Antoine Mandel, in their article "Does it pay to be 

green? (2017), find that green bonds have a lower yield than conventional bonds, but 

that they should have even lower yield according to the characteristics of the bonds. 

According to the authors, the market values green bonds less favourably, as the attributes 

of green bonds are in fact valued lower than their brown counterpart. There might be 

variables missing which might cause bias.  

Karpf and Mandel  in “The changing value of the ‘green’ label on the US municipal bond 

market” (2018), find that in the municipality green bond market has traded with a 

premium before but as interest has increased, conventional bonds have started to trade 

with higher yield. They also state that the negative premia that green bonds trade with, 

probably has to do with the attributes of the companies that issue them, rather than with 

the bonds itself. 

3.1.3 No greenium 

There are studies that conclude that there is not greenium to be found such as in Larcker 

and Watts "Where’s the Greenium?."(2020). They analyse if green bonds and brown 

bonds issued by the same municipality in the US on the same day are different. Their 

pool of bonds is 640 matched pairs. They find them to be essentially exact substitutes, 

and as such state that greenium does not exist even when accounting for liquidity and 

institutional ownership.  

Wensas and Wist in their master thesis “Greenium or myth: do green labels affect bond 

yields in the Nordic markets?” (2019), study the Nordic bond market with a sample of 

77 matched corporate and governmental green bonds to see if there is a greenium to be 

found, but there seems to be none. Though when dividing the data to three subsamples, 

they find that SEK nominated green bonds have a lower yield and thus have a negative 

premium.   
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As such, there can be no conclusions drawn on the existence of greenium. It seems there 

is quite a limited amount of data has been used probably due to the market size of green 

bonds. Matching has been the most common methodology way to solve these questions. 

There needs to be more research into the topic of greenium and larger databases need to 

be utilised with clearer division on what markets to study. One thing that probably is also 

affecting results is the situation with how low the interest rate has been during recent 

times, especially in the EU, where policy rate has even been negative. Also, as green 

bonds are fairly new instruments for the wide markets, investors have had to learn how 

to value them, and biases might have affected how one views them.  

3.2 Financial Impact 

Green bonds might affect a company or entity in many different ways, either directly 

such as the cost of capital or indirectly by increasing the stock price. If these impacts are 

deemed positive, then it will motivate corporations and public entities to issue green 

bonds. There are mixed results on the topic. It is also important to remember that the 

tail does not wag the dog, green bonds are many times used to finance emission lowering 

projects and emission lowering might increase the profitability of a company, for 

example, as Hart, Stuart and Gautam (1996) note, but the green bond itself does not. 

3.2.1 Positive 

There are many studies pointing towards positive stock market reactions and lowered 

emissions. 

Flammer uses in "Corporate green bonds." (2018) matching with differences in 

differences finds that issuance of green bonds leads to lower emission, higher stock 

return and higher environment rating. The sample she used was 217 corporate bonds. In 

another article "Green bonds: effectiveness and implications for public policy" (2020), 

Flammer finds that green bonds as a whole give higher stock returns with higher 

cumulative average return (CAR) but when repeated using the same data from Flammer 

(2018) she finds  higher environmental and financial ratings. When splitting the data to 

verified and non-verified green bonds, she found that only verified bonds were 

significant, yet the sample size of the unverified was only 48 and as such it is hard to 

draw definite conclusions on the effect of verification. 

She is supported by Zhou and Cui, who in "Green bonds, corporate performance, and 

corporate social responsibility."(2019), study the effect of 144 green bonds issued by 70 
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Chinese corporations. They find with a CAR model that there is a positive reaction by the 

stock market on the issuance of green bonds. They also find a positive correlation with 

higher financial and CSR performance.   

Tang and Zhang "Do shareholders benefit from green bonds?" (2020), find that stocks 

react positively to green bond news, even though there is no premium or cheaper depth 

to be found in their sample. Their sample consists of 28 different countries. They also 

find that stock liquidity increases, which might be the driving factor for increased stock 

performance.  Meanwhile, Glavas and Dejan find in "How Do Stock Prices React to 

Green Bond Issuance Announcements?" (2018), that stock prices react positively to 

green bond announcements. They also find that the change occurs after the Paris 

agreement, which might have changed the overlaying view on green bonds and being 

green. Their sample size being 780 corporate bond issuance announcements.   

3.2.2 Negative 

Yet there is one study proving the opposite too. Lebelle, Jarjir, and Sassi, in their work 

"Corporate Green Bond Issuances: An International Evidence." (2020), find using CAR 

that green bond issuance gets a negative reaction from the stock market. They have no 

specific reason, though they theorize that maybe the increase in leverage or the risk of 

greenwashing affects this reaction. They do notice the first issuance negative reaction 

was stronger. Their sample size was 475 green bonds by 145 unique firms. 

As such, there are strong indications that the stock market finds it as a positive signalling 

or investment by the stock market. However, it is hard to draw any conclusions yet as 

green bonds must be used to finance green investments, and as indicated by many 

studies it seems the certification of the bond matters very strongly on the reaction. In 

fact, it might be the investment itself that is causing the positive market reaction, as green 

investments, which might decrease energy costs and investments into growing markets 

such as solar energy, are seen as positive. Also, results can be biased by things like 

attention bias or increased liquidity due to opened possibilities for SRI companies to 

invest into the company. 

3.3 Miscellaneous Studies 

There are also studies into other questions surrounding green bond such as, liquidity and 

certification. The studies conclude that green bonds still need improve the verification 
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process and verification itself is important for investors, also green bonds behave very 

much like normal bonds when looking at liquidity and correlation to other markets.  

Wulandari, Schäfer, Stephan and Sun “Liquidity Risk and Yield Spreads of Green 

Bonds” (2018), look into how liquidity risk affects green bonds, they find that Green 

bonds in fact are more liquid than their counterpart conventional bonds which might 

explain their tighter spread. However, they also find that it has decreased over time and 

is negligible today. Their sample consists of 68 green bonds and their 58 counterparts.  

Ehlers and Packer in the work "Green bond finance and certification." (2017), look into 

how the green bond market has evolved over time and how the definition of green has 

changed and continues to change. They find that the introduction of green bond 

principles by the ICMA in 2014 has correlates with the rapid growth of green bond 

issuance and emphasise that having consistent standards is important for the future 

growth of the field. 

Kila Kikelomo gives in “Green Bonds and the Role of the Financial Sector in Tackling 

Global Climate Change (2018)”, a wide overview of the green bonds market and its 

evolution over time. She states that evolution of an international standard for what is 

green is the most important next step for green bonds. Katori and Tsuyoshi look in “The 

Financial Potential of Green Bonds: Comparing the Three Issuing Schemes” (2018), at 

how different issuing standards affect the pricing of the green bond. They find that the 

Green Bond Principles is the de facto standard.  

Reboredo and Ugolini in "Price connectedness between green bond and financial 

markets." (2020), look at correlation between financial markets and green bonds using 

a VAR model. They find that green bonds are weakly correlated with stocks, energy and 

high yield bond markets, but highly correlated with fixed-income and currency markets. 

This shows that it is treated as low-risk investment by investors. 

As such, the literature on green bonds is quite narrow still and no definite conclusive 

revelations have been made. Most of the studies do agree on the fact that green bonds 

have become more popular and that there are potential benefits for issuers of green 

bonds. But the existence of greenium can be debated, newer studies have shown that 

there exists no greenium, and most studies differ in their conclusions. The same 

conclusions can be presented on stock market reactions. Lastly, certification seems to be 

the only definite result about green bonds, verification is of major importance for 
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investors to value the label green with any divergence compared to conventional bond. 

Most studies have applied matching as the method of choice, Zerbib (2017 & 2019), 

Larcker and Watts (2020), Fatica et al. (2020), Bachelet et al(2019), Flammer (2018 & 

2020), Wensas and Wist (2019) and Lebel et al. (2020). Some use regressions or other 

models with explanatory variables such as, Baker et al (2018) and Barclays (2015). As 

such, matching seems to be the method of choice, mainly due to the benefit of being a 

synthetic control method and being able to remove biases by only studying bonds from 

the same issuer. Results with matching seem to be spread out, Zerbib (2017 & 2019), 

Fatica et al. (2020) and Bachelet et al (2019) find some kind of greenium, meanwhile 

Larcker and Watts ( 2020) and Wensas and Wist (2019) find no greenium. In the same 

way, positive stock reactions are spread out between positive, (Flammer 2018 & 2020), 

Tang and Zang (2018) and negative (Lebel et al. 2020). Regression results suffer from 

biases due to unexplained variables, such as market risks or company biases by investors 

and as such are not as reliable. 
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4 DATA 

For this study data will be collected from both corporate and public sector green bonds 

and conventional bonds in the Nordic market. The main source for the data will be 

Bloomberg that collects data points of bonds daily. Other sources will be used to collect 

data on the verification of green bonds. The main differing parts on the data compared 

to Zerbid (2019) will be that the data is only collected on the Nordic market, and 

compared to Wensas and Wist (2019) is that the data is much more wide due to the 

increased issuance of green bonds during recent years. Also bank bonds will be ignored 

due to the difference to normal corporate bonds. 

4.1 Data Collection 

Data used in this study is collected from Bloomberg by using the search function to 

search the whole bond universe of Bloomberg. The first filter applied to the search 

function is “active government bonds”, in Bloomberg this restriction defines as all non-

corporate entities and as such defines the public sector bond universe. The second 

restriction is the green bond label which brings down the universe to 399 bonds. The 

third restriction is “Country of incorporation: Nordics”, which covers green bonds in 

Finland, Sweden, Norway and Denmark, and which brings it down to 114 green bonds. 

Interestingly, Iceland was not incorporated in this, and as such is not inside the universe 

of this study. The final restriction is “bond type: bullet” to make the method simpler, as 

different bond types are valued differently and thus removes some technical aspects of 

valuation. This leaves the study with 114 public sector green bonds issued between 

1.1.2013 and 1.2.2021.  

After that for every issuer in the green bond sample the conventional bonds are collected. 

This is achieved by including the restriction, exclude label “Green” which gives us 380 

conventional bonds.  

The same process was repeated for corporate sector bonds. However, all bonds with the 

sector “Bank” are removed due to the inherent difference between banks and normal 

corporations. Bank bonds differ from regular bonds both due to the nature of banks and 

how the green bond proceeds might be used. Green bonds issued by banks are borrowed 

forward to bank customers and as such are not as easily followed and verified, this 

inherent risk increase will cause differences in pricing. It would have been of interest to 

compare bank green bonds to regular corporate bonds, but due to the limit on data (only 
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28 good matches) this will not be possible. This leaves us with 1146 bonds of which 367 

are green.  

For the methodology the variables issuer, coupon type, credit rating from three rating 

agencies, structure, seniority, collateral, currency, country of issuer, maturity, issued 

date and coupon frequency are collected. After matching is done yields and prices for the 

time-period 1.6.2015-1.2.2021 is collected, the data points are daily for every weekday.  

As noted earlier green washing is a problem, and thus, for every green bond a 

certification for being green by an independent organisation is found. Certifications can 

be found either by looking at pages from certifiers, such as ICMA, or by going to the 

issuers’ announcement of the green bond framework certification. All the green bonds in 

the sample are verified, which is not surprising considering that according to Climate 

Bond Initiative 99% of Nordic green bonds are verified.  

4.2 Descriptive Statistics 

The first simple test we can do is to compare the means of the numerical covariates. By 

comparing the simple means of the whole data universe, we can see indications of 

differences in data. This however gives no results as there are differences in the universe 

of conventional bonds compared to green bonds. 

4.2.1 Public Sector Bonds  

Table 1 shows the descriptive statistics for the whole public sector data set. There are 497 

bonds in total, of which 117 are green bonds. There are clear differences between all the 

covariates, most notable being on the duration of the bonds, which will be referred as 

Months, and the issuer country. Conventional bonds tend to be longer in age and have a 

much wider spread on the minimum and maximum scale. Surprisingly though the 

median is the same. From country issuer you can see the spread of the bond universe, 

which is heavily leaned towards Swedish issuers (77.8 %), which is due to the earlier 

adoption of green bonds and due to being the largest market. 

Due to the lean towards Swedish issued bonds, there is much larger amount of SEK 

nominated green bonds than any other currency. Surprisingly, USD nominated is the 

next largest and followed by NOK and then EUR. Interestingly there are three green 

bonds issued in Australian Dollars.  
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There is not a large difference in the means of the issue amount, which does not follow 

what Zerbib (2019) found. One of the arguments being that green bonds tend to finance 

larger projects. In this case this might not hold due to being public sector issued bonds 

and governments and municipalities might issue much larger bonds to cover for a wide 

range of projects instead of one specific project as corporations tend to do.  

Rating does not have a major difference. All bonds, except for bonds with a rating N 

(none), are investment grade and such are very low risk bonds, which is not surprising 

due to being Nordic public entities. There is a slight lean towards AA+ in the green bond 

data, meanwhile in conventional bond data there is more AAA rated bonds which is only 

one step higher in rating.  

Table 1 Descriptive Statistics Public Sector 

Public Sector 
Conventional 

(N=380) 
Green 

(N=117) 
Overall 
(N=497) 

Months    

Mean (SD) 98.5 (90.3) 73.2 (33.4) 92.6 (81.3) 

Median [Min, 
Max] 

60.0 [3.00, 540] 60.0 [28.0, 240] 60.0 [3.00, 540] 

Issued Amount 
(in millions) 

   

Mean (SD) 1440 (5030) 1270 (2850) 1400 (4610) 

Median [Min, 
Max] 

500 [0.93, 38600] 600 [40, 20000] 500 [0.93, 38600] 

Coupon 
Frequency 

   

Mean (SD) 2.13 (1.32) 2.29 (1.41) 2.17 (1.35) 

Median [Min, 
Max] 

2.00 [0, 4.00] 2.00 [1.00, 4.00] 2.00 [0, 4.00] 

Rating    

AA 26 (6.8%) 3 (2.6%) 29 (5.8%) 

AA+ 134 (35.3%) 62 (53.0%) 196 (39.4%) 

AAA 190 (50.0%) 37 (31.6%) 227 (45.7%) 

N 30 (7.9%) 14 (12.0%) 44 (8.9%) 

AAA- 0 (0%) 1 (0.9%) 1 (0.2%) 

Currency    

AUD 17 (4.5%) 3 (2.6%) 20 (4.0%) 

CHF 1 (0.3%) 0 (0%) 1 (0.2%) 

EUR 59 (15.5%) 7 (6.0%) 66 (13.3%) 
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Public Sector 
Conventional 

(N=380) 
Green 

(N=117) 
Overall 
(N=497) 

NOK 48 (12.6%) 9 (7.7%) 57 (11.5%) 

SEK 138 (36.3%) 88 (75.2%) 226 (45.5%) 

TRY 1 (0.3%) 0 (0%) 1 (0.2%) 

USD 116 (30.5%) 10 (8.5%) 126 (25.4%) 

Country Issuer    

DK 31 (8.2%) 5 (4.3%) 36 (7.2%) 

FI 55 (14.5%) 6 (5.1%) 61 (12.3%) 

NO 85 (22.4%) 15 (12.8%) 100 (20.1%) 

SW 209 (55.0%) 91 (77.8%) 300 (60.4%) 

Source: Collected Bloomberg Data  

4.2.2 Corporate Sector bonds  

Table 2 shows the descriptive statistics for corporate bonds. The first thing to note is the 

large difference in Months, the mean being over 30 months longer. On the other hand, 

Issued Amount is only slightly larger in mean. This gives indications that generally 

corporate green bonds are smaller both in lifespan and issued amounts. Rating is much 

more widespread compared to the public sector data. In the public sector data, ignoring 

those without rating, there was no bond below the rating AA. But in the corporate sector 

there are bonds all the way to BBB which is the lower limit of the investment grade bonds. 

Currency is much more spread out in the corporate sector data, it even exists a green 

bond in Hong Kong dollars (HKD) and one in Taiwan Dollar (TWD). Yet currency and 

issuer country SEK, EUR, NOK, DK has approximately the same spread. As such, no 

definite difference can be found between the data sets.    

 

 

Table 2 Descriptive Statistics Corporate Sector 

Corporate 
0 

(N=415) 
1 

(N=317) 
Overall 
(N=732) 

Months     

Mean (SD) 118 (594) 70.2 (43.3) 97.3 (448) 

Median [Min, Max] 60.0 [1.00, 12000] 60.0 [24.0, 300] 60.0 [1.00, 12000] 

Issued Amount (in 
millions) 
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Corporate 
0 

(N=415) 
1 

(N=317) 
Overall 
(N=732) 

Mean (SD) 1020 (3520) 707 (996) 884 (2740) 

Median [Min, Max] 500 [5, 42900] 500 [10, 10000] 500 [5, 42900] 

Coupon Frequency    

Mean (SD) 2.47 (1.72) 2.67 (1.47) 2.55 (1.62) 

Median [Min, Max] 2.00 [0, 12.0] 4.00 [1.00, 4.00] 4.00 [0, 12.0] 

Rating    

A 36 (8.7%) 11 (3.5%) 47 (6.4%) 

A- 67 (16.1%) 94 (29.7%) 161 (22.0%) 

A+ 20 (4.8%) 4 (1.3%) 24 (3.3%) 

AA- 14 (3.4%) 9 (2.8%) 23 (3.1%) 

AA+ 48 (11.6%) 10 (3.2%) 58 (7.9%) 

AAA 34 (8.2%) 6 (1.9%) 40 (5.5%) 

BAA1 4 (1.0%) 0 (0%) 4 (0.5%) 

BBB 43 (10.4%) 27 (8.5%) 70 (9.6%) 

BBB- 20 (4.8%) 15 (4.7%) 35 (4.8%) 

BBB+ 7 (1.7%) 49 (15.5%) 56 (7.7%) 

N 122 (29.4%) 92 (29.0%) 214 (29.2%) 

Currency    

DK 5 (1.2%) 6 (1.9%) 11 (1.5%) 

FI 30 (7.2%) 7 (2.2%) 37 (5.1%) 

NO 107 (25.8%) 49 (15.5%) 156 (21.3%) 

SW 273 (65.8%) 255 (80.4%) 528 (72.1%) 

Issuer Country    

AUD 2 (0.5%) 4 (1.3%) 6 (0.8%) 

EUR 67 (16.1%) 12 (3.8%) 79 (10.8%) 

GBP 3 (0.7%) 1 (0.3%) 4 (0.5%) 

IDR 2 (0.5%) 0 (0%) 2 (0.3%) 

JPY 38 (9.2%) 2 (0.6%) 40 (5.5%) 

NOK 144 (34.7%) 58 (18.3%) 202 (27.6%) 

SEK 145 (34.9%) 228 (71.9%) 373 (51.0%) 

USD 13 (3.1%) 6 (1.9%) 19 (2.6%) 

ZAR 1 (0.2%) 0 (0%) 1 (0.1%) 

HKD 0 (0%) 1 (0.3%) 1 (0.1%) 

TWD 0 (0%) 5 (1.6%) 5 (0.7%) 

 Source: Collected Bloomberg Data 
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5 EMPIRICAL METHODOLOGY 

To study the effect of the green label on green bonds, one needs to prove what happens 

when there is no green label, the counterfactual result. For causal estimates, the largest 

issue is that only the outcome of the treated (or non-treated) can be measured, but not 

the alternative outcome. In this case, the individual is the “bond”. This “fundamental 

problem of causal inference” (Holland 1986) is what scholars have tried to solve using 

different methods. To study this, one needs to focus on the green label itself and keep 

other covariates fixed. Using an OLS regression would be possible, but it would be hard 

to find all the explanatory variables in the regression, and even then, it would be unclear 

if the coefficients represent a causal relationship. An alternative method is the Matching 

method which allows us to keep all bond covariates the same by matching a conventional 

bond with an equal green bond. This lets us take account for all the variables without 

even including them, by trying to find the best non-treated individual to compare to the 

treated individual Zerbib (2019). This would allow us to estimate the difference in 

outcomes due to the treatment. Matching was originally presented by Rubin in 1974 to 

artificially create a causality inference method. It was further improved by Rosenbaum 

and Rubin in 1983 by introducing propensity score matching. 

In non-experimental studies one of the most important assumptions is that treatment 

assignment is strongly ignorable, which means that that treatment assignment is 

independent of potential outcomes (Y(N), Y(T)) (Rosenbaum & Rubin 1983b) and that 

there is a positive probability of being treated. A third assumption that is made is the 

Stable Unit Treatment Value Assumption (SUTVA) which assumes that the outcome of 

any individual is not affected by the treatment status of other individuals (Rubin 1980).  

5.1 Matching 

Matching is used by most research into green bonds, such as Zerbib (2019), Larcker & 

Watts (2019), Flammer (2018, 2019) and Wensas & Wist (2019). Some studies such as 

Larcker & Watts (2019) have used one bond as the counterfactual, while Zerbib (2019) 

have used a synthetic double grey bond, where Zerbib tried to create a better equivalent 

bond. Having only one bond such as Larcker & Watts (2019) might cause maturity bias 

or issuance bias where the time of the bonds maturity or the issuance timing might cause 

differences in pricing. Meanwhile, by doing a match with a double bond one can remove 

maturity bias by creating a synthetic grey bond which has an optimal maturity date 

(Zerbib 2019).   
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5.1.1 Assumptions 

To use matching, we must make two assumptions: Conditional Independence 

Assumption (CIA) and Common Support Assumption (CSA) (Stuart 2010). For causal 

inference, Stable Unit Treatment Value Assumption (SUTVA) assumption should also be 

fulfilled (Cox 1958). CIA assumes that for every covariate, which is observable, the 

outcome of that variable is independent of the treatment status. In this study it means 

we must assume that the green bond label is independent from credit rating. This 

assumption would not hold if the green bond label is chosen to increase credit rating and 

not to signal investors how the proceeds are used. As green bonds carry the same risk as 

conventional bonds and is secured by the issuers whole balance sheet, this can be 

ignored. CSA assumes, for every vector x (variable), there is a positive probability to be 

treated. When these assumptions are fulfilled, the treatment assignment is strongly 

ignorable even in a nonrandomized experiment (Rosenbaum & Rubin 1983).  

SUTVA assumption assumes that the outcome of any individual is not affected by the 

treatment status of other individuals. This assumption causes problems, as there is no 

way to prove that this would be the case in the with green bonds. Many of the green bonds 

used in the method are issued close to other issuances of conventional and green bonds. 

This causes problems as the choice of treatment, if the bond is issued as green or 

conventional, might be affected by the outcome of other issued bonds. We must assume 

this would not be the case, which at best is a heroic assumption. As such, this study at 

best, can only give indications of causality, and leaves room for further research into the 

topic if the issuance of green bonds can be controlled. If this assumption does not hold, 

it could bias the result both ways depending on a couple variables. Interestingly this 

problem is not noted by most studies, such as, Zerbib (2019) or Flammer (2019). If 

issuers conclude that they get cheaper financing through green bonds compared to 

conventional bonds by comparing earlier green bonds to earlier conventional bonds, 

then they will issue more green bonds compared to conventional bonds. This will 

increase the supply of green bonds, which might change the yield demanded, as more 

supply will increase yield demand, ceteris paribus. But it might also bias towards 

existence of greenium; if increased green bond issuance signals extensive investments 

towards greener technology and growth prospects (Flammer 2019 & Zhou and Cui 2019), 

investors might demand less yield as they perceive the investment as safer and more 

attractive. 
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In matching, one chooses certain variables, which the matching algorithm uses to build 

pairs. These variables are key to match the right green bond with the right conventional 

bond. There are four main steps to matching, defining closeness, implementing a 

matching method, assessing the matched sample and analysis of the outcome (Stuart 

2010). The first part of defining closeness is focusing on choosing the right covariates, 

which would affect treatment assignment and the outcome (Stuart 2010).   

5.1.2 Distances and Variables 

The variables used for the matching algorithm to match green bonds and conventional 

bonds, follow the variables chosen by Zerbib (2019). As such, the variables used are going 

to be issuer, rating, bond structure, seniority, collateral, and currency. These are going 

to be hard restrictions and cannot differ at any level not to create biases such as currency 

risk or seniority differences. The restrictions on variables, which will use logit distance, 

are maturity, at most one and half year later or earlier, duration (Months), at most two 

years longer or shorter and issuance amount on the grey bond at most four times as large 

or one quarter the amount of the green bond. These are the same as Zerbib (2019).  

The second part is to focus on choosing the right distance between the matched pairs. 

Depending on what distance is chosen, the pairs might be of different in quality. The best 

distance used for matching is exact distance (Stuart 2010) where the distance is defined 

as per Stuart (2010), 

𝐷𝑖𝑗 = {
0 ⅈ𝑓 𝑋𝑖 = 𝑋𝑗

∞ ⅈ𝑓 𝑋𝑖 ≠ 𝑋𝑗
 

Nonetheless, exact matching is hard when the list of covariates (X) grows, as there are 

more and more covariates that need to be satisfied, and as the list of explanatory 

variables is quite large in bonds, this distance will not work. Issuer, rating, bond 

structure, seniority, collateral, and currency will be matched by using exact distance. 

In this study, the distance that will be used on the remaining variables, is the logit 

distance developed by Cox (1970). It is argued that it can be more effective at reducing 

bias than regular propensity scores (Rosenbaumn and Rubin 1985). Logit model is 

preferred due to having a higher probability of being normally distributed (Austin 2011). 

The distance is described as per Stuart (2010), 

𝐷𝑖𝑗  =  | logit (ei) − logit (ej) | 
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Luckily, it is possible to do exact matching combined with propensity score, where some 

covariates must be equal, and rest of the covariates create the propensity score.   

Propensity score (PS) matching is defined as “the conditional probability given the 

observed background covariates” (Rosenbaum and Rubin 1983), which is given as a score 

number based on the covariates of the treated and non-treated. This vector of covariates 

added together will give a propensity score between 0 and 1, this score reflects the 

probability of being treated. If treatment assignment is independent of potential 

outcomes even accounting the full set of covariates, then it is also independent given the 

propensity score (Rosenbaum and Rubin 1983). Then a non-treated and a treated 

individual will be matched by the closest propensity score, with a set limitation not to 

create pairs with too large of a difference in propensity score. Compared to exact 

matching, propensity score matching might enhance matches that otherwise would-be 

good fits but would get ignored by exact matching due to demands in certain covariates 

(Abadue & Imbens 2016; Kerry & Stuart 2008). Yet, there is also studies, such as King & 

Nielsen (2019) arguing that propensity score should not be used, especially for causal 

inference. 

5.1.3 Matching Methods 

The third part of matching methodology consists of selecting the right matching system 

to implement the distance chosen. In Propensity score matching there are quite a few 

different methods, nearest neighbour, optimal matching and full matching to name a 

few. This study will focus on nearest neighbour matching (NNM), which is one of the 

most common ways of matching (Stuart 2010). NNM creates K:1 pairs, where k is the 

number of bonds matched to one treated or non-treated bond, most often 1:1 pairs is 

used, this method of matching is often called “greedy matching”. NNM will match the 

closest propensity score control individual to the closest propensity score treated 

individual and then match the next closest pair and then the next and so on (Stuart 

2010). This can lead to large differences in propensity score for the last matched 

individuals, but to combat this one can assign caliper scores, which are the maximum 

propensity score distance between the matched units (Stuart 2010). This can also lead to 

a problem with fewer matches, but also to better results as matches are more robust 

(Rosenbaum and Rubin 1985a). NNM matching can also be done using replacements 

where K increases to allow controls to be matched to multiple individuals if there are not 

many quality control individuals. This can increase the level of fit due to better quality 

pairs but at the same time increase variance due to lower number of controls. To know if 
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matching with replacement is better or not, one can compare the matching results and 

see if one or the other have a distinct improvement over the other. 

NNM works also well in this study due to the ratio of controls and treated, controls are 

almost four times as many as treated which might allow for greedy 1:1 matching as there 

should be a suitable control for each treated.   

To create a robustness check, this study will also conduct full matching using propensity 

scores. This method creates subclasses using different ranges of the propensity score, for 

example dividing propensity score to 5 ranges 0-0.2, 0.2-0.4, 0.4-0.6 and so on. Cochran 

(1968) showed that dividing the data to at least five ranges removes at least 90% of the 

initial bias in a covariate. To each subclass will then be assigned at least one treated and 

control individual (can be more) and matched inside this subclass (Kerry & Stuart 2008). 

This can be especially effective if there are few controls for each treated as in reverse to 

greedy matching. This method allows to see if there are problematic matches created, as 

individual firms might release many more green bonds compared to conventional bonds 

and thus certain green bonds might be disregarded, as there will not be enough 

conventional bonds from the same issuer. With this method if there are for example, 6 

green bonds and 3 conventional green bonds issued by an issuer, then these 3 

conventional bonds will be matched with these 6 green bonds and might be able to match 

two green bonds with same conventional bond. However, in greedy matching there could 

be a maximum of 3 matched pairs. This can also cause problems as the ratios of control 

and treated can be large, which might cause biases, as such, the ratios must be controlled 

to a certain limit (Hansen 2004).  

The fourth part of the matching methodology consist of diagnosing matches. Where all 

the matched pairs should be rated on quality of fit. In this study, this is particularly 

important as there are set limits of maturity differences and issuance amount that must 

be followed but which cannot be controlled beforehand. Other normal actions include 

assessing balances of covariates between the groups. Diagnostics that should be taken 

during every matching, “standardized bias” where the treated group should have same 

standard deviation before and after matching (Rosenbaum and Rubin 1985b). Also, 

graphical diagnostics should be taken, where the propensity scores of treated and 

untreated are plotted to see that there is similar distribution of propensity scores (Stuart 

2010).   
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5.1.4 Analysis and Average Treatment of the Treated 

The last step in the methodology is analysis of the outcome. Matching is not a causal test 

in itself; it only creates a balanced group of treated and untreated individuals, which can 

then be analysed to find the difference using other statistical tests. In fact, matching is 

best used in combination with other methods, such as linear regression to make results 

more robust (Rubin 1973b; Heckman et al. 1997).   

To study the whole population of green bonds and the difference to conventional bonds, 

one needs to study the average treatment effect (ATE). It can be estimated by comparing 

the average treatment effect of the treated (ATT) and the average treatment effect of the 

untreated (ATU). Nearest Neighbour method estimates the ATT as it matches control 

individuals to the treated group, meanwhile full matching can estimate both the ATE and 

the ATT (Stuart 2010). ATE is of scientific interest, but due to the need to estimate ATU 

and ATT, this thesis will not estimate the ATE. It could be possible to do through full 

matching but is out of scope for the study due to the increased complicity. ATT is also 

more of interest due to implications of the pricing of green bonds, pricing of conventional 

bonds is of no policy interest. As such, in this study, ATT will be estimated due to the 

interest of the effect of label green.  

ATT is defined as,  

E [𝛿| 𝑋𝑖 = 1]  

=E [𝑌𝑖
1 −  𝑌𝑖

0| 𝑋𝑖 = 1]  

= E [𝑌𝑖
1| 𝑋𝑖= 1] - E[𝑌𝑖

0| 𝑋𝑖= 0] 

Where 𝛿  is the effect of the outcome, E is sum, Y is the outcome, 1 is the outcome of being 

treated and 0 of not being treated and X is the treatment status (Causalflows 2021). Thus, 

with matching, we try to create E[𝑌𝑖
0| 𝑋𝑖= 0] to prove what would have happened if the 

green bond would have not been issued as green.  

5.2 Matching Process 

To start off with the matching process we can compare if there are significant differences 

in the covariates. The study uses exact matching for seven covariates, as such, comparing 

their differences in means is pointless, as after matching the covariates will be the same 

in the pairs. 
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Figure 2 presents the mean analysis of issued amount and months (duration) for the two 

data sets, public sector and corporate sector bonds. Welch two sample t-test compares if 

there is a significant difference between the means of the groups (Welch 1947). The null 

hypothesis for Welch two-sample t-test is that there is no difference in groups, if the null 

hypothesis can be rejected, then there is a difference between the groups (Delacre et al. 

2017). If there is a large difference in the means, it would mean that the data is 

incomparable, and there would be a structural difference that biases the results. Also, the 

results let us compare if our data sample has improved after the matching algorithm. It 

can be concluded with p value <0.5 for all but issued amount in public sector data that 

the null hypothesis of no difference can be rejected. As such, there are clear differences 

especially in Months for both corporate and public sector and Issued Amount for 

corporate sector data.  

 

  Months 
          Issued Amount  

   (in 100 million notional) 

 

   

Estimate    CI   p-value Estimate           CI p-value 

25.38     (14.43, 36.33) <0.001   1.79   (-5.47, 9.03) 0.6293 

Observations 497  497 

t-value 4.5564  0.4831 

   

Estimate CI   p-value Estimate           CI p-value 

33.13 (2.24, 64.01) 0.0355   3.96   (0.79, 7.13) 0.014 

Observations 1146  1146 

t-value 2.1055  2.4546 

 

Welch Two-Sample T-test for differences in mean, upper Public sector whole data, lower corporate sector whole 
data.  

Figure 2 Test to compare means for whole data sample. 
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5.3 Assessing Matches 

5.3.1 Public Sector 

Matching algorithms can produce different results each time it is run, and therefore it is 

important to choose the best outcome based on numerical and visual inspection. The 

main ways to compare different results is by looking at the standardized mean difference, 

mean difference between covariates and plots or histograms of the distribution of 

propensity score (Stuart 2010). After a couple of iterations of matching algorithms on 

the public sector bond data set, two result was found to be the best by a visual inspection 

of the histograms and plots of propensity score distribution. Figure 3 and 4, which shows 

the distribution of bonds propensity scores when nearest neighbour matching (NNM) 

and nearest neighbour matching with replacement (NNMR), most bonds fall between 

0.2 and 0.3 propensity score levels. Comparably the spread of matched bonds is larger 

on NNM, especially on the control side due to sheer amount of matched controls being 

larger, 380 versus 117 bonds. It seems that most of the matches are of adequaet quality 

by looking at the spread of propensity score in figure 3 and 4, and appendix 3, but to truly 

check that the matches follows the restrictions put on maturity and issued amount 

difference one has to visually inspect the matches. Also, it seems that CSA assumption is 

fulfilled, as there exists treated and controls in the same propensity score ranges. 

To choose which matching dataset to use we look at the standardized difference in means 

(SDD), the difference between the means of controls and treated and the region of 

common support. Table 3 shows the means of the NNMR pairs and the means of the 

NNM pairs. The closer to zero the difference in SDD, the better the matched pairs are 

due to lower differences between treated and control sets.  There is a clear difference in 

quality between NNM and NNMR to the advantage of NNMR. The difference is quite 

large, with almost three times as large difference in mean in Months for NNM and two 

magnitudes larger difference Issued Amount.  

When looking at the region of common support1, both matching algorithms have 

produced datasets that fullfill the common support assumption, with no distinct 

difference between the quality of the algorithms. One could argue that the regular 

method has a slightly better spread of propensity scores, but the difference is minor.  Due 

to the differences between standardized differences in means, almost three times better, 

the method chosen is Nearest Neighbour Matching with Replacement as the matching 

 
1 For explanation of the common support assumption look at section 5.1  
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method used. This can cause higher variance in the result but does improve fit (Stuart 

2010), to combat this, this study will conduct a robustness check with full matching. We 

also run a Welchs two sample t-test to check that there is no difference between Issued 

Amount and Months both after the regular matching and after cleaning the matched 

pairs, to make sure that the pairs fufill all criterias imposed. The criterias were at most 

one and a half year difference between maturities, at most four times as large or one 

fourth of issued amount and at most two years difference between durations (months). 

This removes over half of the matched data set.  

To see if the data set for public sector bonds has improved, we conduct Welchs two-

sample t-test again. The results for Welchs two sample t-test are found in figure 4 and 

conclude that H:0 cannot be ignored and there is no significant difference in means.2 

 

 
 
 
 
 
 
 
 
 

 
2 The same process is done for the regular Nearest neighbour matching to check for quality, results are 
found in the appendix 4. 
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Figure 3 Propensity Score Spread Nearest Neighbour with Replacement 

 

Figure 4 Propensity score spread Nearest Neighbour without replacements 
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Table 3 Comparing matching results for public sector data 

 
 

 
Control 
(N=54) 
(N=89) 

Treated 
(N=105) 
(N=89) 

Standardized 
Mean Difference 
(Improvement %) 

Months    

With Replacement 
Mean  

 
79.1222  

 
70.07778  

 
0.1070 (85.9) 

Regular 
Mean  

 
79.3933 

 
70.1910 

0.2752 (63.8) 

Issued Amount (in 
100 million notional) 

   

With Replacement 
Mean  

11,51  1025,17  0.0062 (90.1) 

Regular 
Mean  

 
11,62 

 
 1025,45 

 
0.048 (23.3) 

 

  Months 
Issued Amount  

(in 100 million notional) 

Estimate CI   p-value Estimate           CI p-value 

9.045 (-3.51, 21.59) 0.1567     1.26   (-7.06, 9.58) 0.7643 

Observations 105  105 

t-value 1.4236  0.30046 

 

Estimate 
CI    p-value Estimate           CI p-value 

-0.75 (-9.98, 8.38) 0.8709     1.23   (-0.96, 3.43) 0.2678 

Observations 48  48 

t-value -0.16294  1.1168 

Welch Two-Sample T-test for differences in mean in public sector dataset, upper after matching, lower after 
cleaning.  

Figure 5 Mean tests for public sector matches, before and after cleaning of data 
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Table 4 shows the descriptive statistics of the dataset for the variables Months (duration), 

Issued Amount and Coupon Frequency. Coupon frequency is matched using exact 

matching as such should be exactly equal for both treated and control, the differences in 

Months and Issued Amount are negligible, which shows that the matches are of good 

quality. 

Table 4 Descriptive statistics of the matched data set 

     0 
(N=48) 

1 
(N=48) 

Overall 
(N=96) 

Months        

Mean 
(SD) 

    
65.0 (23.1) 65.7 (22.0) 65.4 (22.4) 

Median 
[Min, Max] 

    
60.0 [24.0, 120] 60.0 [28.0, 120] 60.0 [24.0, 120] 

Issued 
Amount (In 
100 million 
notional) 

    

   

Mean 
(SD) 

    
8,25 (6,72) 7,02 (3,68) 7,63 (5,42) 

Median 
[Min, Max] 

    
5,00 [1.00, 30.00] 5,00 [2.00, 20.00] 5,00 [1.00, 30.00] 

Coupon 
Frequency 

       

Mean 
(SD) 

    
2.42 (1.40) 2.42 (1.40) 2.42 (1.40) 

Median 
[Min, Max] 

    
2.00 [1.00, 4.00] 2.00 [1.00, 4.00] 2.00 [1.00, 4.00] 

 

After the matching algorithms. the data set has subtracted quite heavily to only 

consisting of 48 matched pairs. However, the pairs are of good quality, low mean 

difference and the standardized difference is negligible. The dataset should be acceptable 

to conduct the next step of the analysis.  

 

5.3.2 Corporate Bonds 

We repeat this process for Corporate bonds, but the study will not assess if NNM or 

NNMR is better or not, NNMR will be used to avoid differences due to methodology. 

Before cleaning the dataset, we have 144 matched pairs, but many matches do not satisfy 
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all three conditions set. After cleaning, we are left with 45 corporate bond pairs. Figure 

6 presents the improvements in mean for corporate bonds. 

  Months 
Issued Amount  

(in 100 million notional) 

   

Estimate CI   p-value Estimate             CI p-value 

2.741 (-2.347, 7.829)   0.29     -3.13 (-187.29, 181.04) 0.9734 

Observations 348    348 

t-value 1.0597    -0.03341  

Estimate CI p-value Estimate CI p-value 

1.797 (-4.015, 7.610) 0.54  23.58   (-304.77, 351.94) 0.8873 

Observations 148  148 

t-value 0.61109  0.14193 

   

Welch Two-Sample T-test for differences in mean in corporate sector dataset, upper after matching, lower after 
cleaning.  

Figure 6 Mean tests for corporate sector before and after cleaning. 

 

5.4 Liquidity proxy 

One large component of bond pricing is liquidity risk. Differences in liquidity cannot be 

completely removed by matching (Houweling et al. 2005 & Zerbib 2019) as such, of the 

bonds but must be controlled through a liquidity proxy. Liquidity tells how easily an asset 

can be transferred to usable money. Different assets have different liquidity levels, for 

example, cash which is usable the instant you need to use it has a high level of liquidity, 

meanwhile assets such as apartments cannot be transferred to cash very quickly due to 

the inertia of housing markets. It is shown that highly liquid assets are deemed safer and 

are priced higher as they can be transferred to cash in cases of shocks (Liu 2006).  There 

is a lot of research into the pricing of liquidity risk, such as Bao et al. (2011) and Beber et 

al. (2009) who find that for high credit rating bonds liquidity risk weighs more heavily 

than lower credit rated. de Jong & Driessen (2006) find a liquidity risk premium of 0.6 

to 1.5 percentage, depending on the quality of the bond, while Acharya et al (2013) finds 
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that liquidity risk increases in stress markets for riskier bonds but decreases for 

investment grade bonds.  

Wulandari et al (2018) have shown that liquidity risk premia in the green bond market 

have decreased significantly during recent years and that green bonds are on average 

more liquid than conventional bonds. Their dataset included the whole green bond 

universe. 

To combat liquidity risk, we will use a liquidity proxy. There is no consensus what the 

best applicable liquidity proxy is, as both markets and asset classes differ widely in their 

liquidity levels and liquidity pricing (Schestag. et al 2016), though it seems most liquidity 

proxies have robust results and can be used generally as indicative measurements 

(Schestag et al. 2016; Fong et al. 2017; Ang et al 2018). Fong et al. (2017) indicate that 

best liquidity proxy for a day-percent data is the Closing Percent Quoted Spread (CPQS).  

CPQS was introduced by Chung & Zhang (2014) as bid-ask spread, it is especially useful 

for the low demand of computational power and easily available data, which is of great 

use as quality bond data tends to be scarce especially on the day level. CPQS is defined 

as, 

𝐴𝑖,𝑡 − 𝐵𝑖,𝑡

𝑀𝑖,𝑡
 

 where 𝐴𝑖,𝑡 is Ask price at time t for asset i, 𝐵𝑖,𝑡 is the bid price at time t for asset i, and 

𝑀𝑖,𝑡 is the median of the ask- bid price difference at time t for asset i. 

As such, the liquidity proxy in this study will be defined by: 

𝛥𝐿𝑖,𝑡  = (
𝐴𝑠𝑘_𝑃𝑟𝑖𝑐𝑒𝑖,𝑡−𝐵𝑖𝑑_𝑃𝑟𝑖𝑐𝑒𝑖,𝑡

𝑀𝑒𝑎𝑛_𝑃𝑟𝑖𝑐𝑒𝑖,𝑡
)𝐺𝑟𝑒𝑒𝑛 -(

𝐴𝑠𝑘_𝑃𝑟𝑖𝑐𝑒𝑖,𝑡−𝐵𝑖𝑑_𝑃𝑟𝑖𝑐𝑒𝑖,𝑡

𝑀𝑒𝑎𝑛_𝑃𝑟𝑖𝑐𝑒𝑖,𝑡
)𝐶𝑜𝑛𝑣𝑒𝑛𝑡ⅈ𝑜𝑛𝑎𝑙 

The larger the difference between the ask and the bid price, the larger the illiquidity is, 

this means that when the upper value “Ask-Bid” increases the absolute value of the 

liquidity proxy increases. As such, the larger the liquidity proxy value is, the less liquid 

the bond is. If the green bonds are less liquid than conventional bonds, the value 𝛥𝐿𝑖,𝑡 

will be positive, if the opposite is true then conventional bonds will be less liquid. 

Thus, if 𝛥𝐿𝑖,𝑡 is positive it should have a negative effect on greenium due to 

increasing risk for green bonds, which should lead to increased yield demand for 

green bonds which leads to lowered price.  
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Positive 𝛥𝐿𝑖,𝑡 means increased 𝛥𝑌𝑖,𝑡 and a negative 𝛥𝐿𝑖,𝑡 leads to decreased 𝛥𝑌𝑖,𝑡.  

Table 5 Summary statistics of liquidity proxy 

Summary statistics of liquidity proxy 𝛥𝐿𝑖,𝑡 for public sector bonds (upper) and corporate sector bonds (lower). 

              

        Min    1st.Qu    Median    Mean    3rd.Qu     Max    Std. Dev. 

-0.02629 -0.000456 0.0002799 0.000106 0.000705 0.005366 0.001052 

        Min    1st.Qu    Median    Mean    3rd.Qu     Max    Std. Dev. 

-0,02351 -0,00064 0,0000314 0,000122 0,000734 0,030484 0,002005 

 

In table 5, the summary statistics of the liquidity proxy 𝛥𝐿𝑖,𝑡  is presented. For public 

sector bonds, interestingly min is much smaller than max, even though mean is clearly 

positive. This indicates that there is a large change or an outlier at some point of the data. 

This will be inspected more closely at result section. For corporate sector bonds, the 

results are comparable, with a large negative min value and positive mean and medians 

very close to zero. The only thing that is different is the large max value comparable to 

public sector bonds, with a value of 0,030484. 

The distribution of the liquidity proxy for public sector bonds can be seen from figure 7, 

and the distribution of the liquidity proxy for corporate sector bonds can be seen from 

figure 8. The data for public sector bonds is normally distributed around 0 with a large 

tail at the negative side. Meanwhile corporate sector bond data has a large tail both on 

the positive and negative side.  
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Figure 7 Liquidity proxy spread public sector 

 

Figure 8 Liquidity proxy spread corporate sector 

Even though the liquidity proxy will be calculated using prices, which are absolute values, 

it will not cause problem when trying to explain yield differences. Due to the nature of 
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the Bid-Ask spread, it will create percentage values, which will be easily comparable with 

yield points. Also, prices reflect yields as explained in the (3.1.1) section and as such 

should not cause any problems in the regression.  

5.5 Regression  

The regression that will be conducted to study the prevalence of greenium in the Nordic 

governmental green bond market is a Fixed effect regression defined as: 

𝛥𝑌𝑖,𝑡 = 𝑝𝑖 + 𝛽𝛥𝐿𝑖,𝑡 + 휀𝑖,𝑡 

Which follows the equation used by Zerbib (2019). 𝛥𝑌𝑖,𝑡 is the difference between bid 

yield for green bond i and conventional bond i at time t. The time invariant fixed effect 

of a bond 𝑌𝑖 is denoted by 𝑝𝑖 as is defined as 
(∑(𝑦𝐺−𝑦𝐶)𝑖,𝑡)

𝑛
 where n is the number of daily 

differences in total. The difference in liquidity proxy 𝛽𝛥𝐿𝑖,𝑡 for green bond i and 

conventional bond i at time t explained in section 5.2, and where the 휀𝑖,𝑡  is the error 

term. As such, this regression will estimate the effect of liquidity on greenium and the 

specific greenium of the generated matches. 

If the yield of the green bond is lower than the yield of the conventional bond, the value 

of 𝑝𝑖  will be negative which indicates greenium (lower yield, higher price). If the yield of 

the green bond is higher than of the conventional bond, it will yield a positive result, 

which indicates that green bonds have a higher yield than conventional bonds and thus 

the opposite is true.  

A fixed effect regression is a better option compared to random effects, due to a couple 

of reasons. There is a high likelihood for individual or time heteroskedasticity due to 

nature of bonds and yields. Bonds are priced to their risk premia, which is the spread of 

the risk-free rate and the bond rate; if risk premium is lowered then all bonds with the 

same risk premium will fall, even at an international level (Dahlqvist and Hasseltoft 

2013). Secondly as it does not constraint the distribution of the data set. Also, in a fixed 

effect regression the unobserved time invariant effect does not be need to be uncorrelated 

with the explanatory variable (Wooldrige 2016).  
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5.6 Tests 

To test the assumption that fixed effect regression is preferred we conduct a series of 

tests. The first test is Hausman test, which test if a random or fixed effect model is 

preferred with a H0: Random effect preferred. The results conclude with a p-value less 

than 1 % that a fixed effect regression is preferred (Woolridge 2016).  

Breusch-Pagan test confirms presence of heteroscedasticity, due to heteroscedasticity we 

need to take the heteroscedasticity-robust statistics (Woolridge 2016). Woolridge test for 

unobserved time and individual effects confirms the presence of unobserved effects. 

Honda test for individual homoskedasticity indicates that there is no individual 

heteroscedasticity but Honda test for time fixed heteroskedasticity it is found to be 

significant. The large difference in p-values between the Breusch Pagan, p-value <2.2e-

163, and Honda test, p-value 0.004784, for time can be explained by that Breusch-Pagan 

test conducts it as a two-way test even if it should be a one-way test, and Honda test 

conducts it as a one-way test, time and individual respectively. F test, p-value 0.4693, for 

variance does not prove difference in variance. We also conduct Breusch-Godfrey, p-

value <2.2e-16, and Woolridge test, p-value <2.2e-16, for serial correlation confirms the 

presence of serial correlation. Durbin Watson test, p-value <2.2e-16, indicates auto-

correlation. Table 6 presents the test statistics and results for all the tests taken. 

(Woolridge 2016) 

To accommodate auto-correlation and heteroscedasticity, we also perform Newey-West 

robust standard error test (Woolridge 2016) and Beck-Katz robust standard error tests 

(Beck & Katz 1995). Newey-West robust standard error test will take the ordinary 

regression result, divide by the standard error, then square the result and multiply by the 

square root of the variance (Woolridge 2012), and it works on the assumption of 

correlation decreasing as the distance between observations increases (Newey-West 

1987). As such, it will give the test statistics as serial-correlation-robust standard error 

(Woolridge 2012). This result will also accommodate of heteroskedasticity and 

autocorrelation and is known as HAC standard error (Woolridge 2012). Beck-Katz robust 

standard error model is a panel corrected standard error model, also, it works relatively 

well with smaller samples (Beck-Katz 1995). 

 

 
3 2.2e-16 is the smallest number R can output 



50 
 

Table 6 Tests to determine regression type  

 Test 
Statistic  

P-value  H:1 

Test    

Hausman 
34.308 

Chi-squared 
4.705e-9 Fixed or Random 

Breusch-Pagan 92.415 < 2.2e-16 Heteroskedasticity 

Wooldridge test for 
unobserved time 
(individual) effects 

Z=5.3295 
(Z=2.3842) 

9.849e-08 
(0.01712) 

Unobserved effect 

Honda test 2.591 0.004784 
Heteroskedasticity 

Time 

Honda Test  -4.0912 1 
Heteroskedasticity 

Individual 

F-test F=1.2367 0.4693 
Difference in 

Variance 

Woolridge test for 
SC 

5691.6 < 2.2e-16 Serial Correlation 

Breusch-Godfrey 
Chi-

square=2283
6 

< 2.2e-16 Serial Correlation 

Durbin-Watson 
DW = 

0.066078 
< 2.2e-16 Auto Correlation 
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6 RESULTS 

In this section, we will present the main empirical results. First, the trend of the yield 

levels and liquidity proxy will be studied on basic level to see how greenium and green 

bond liquidity has developed over time. Then the results of the regression and fixed effect 

analysis will be presented, which will be followed by robustness checks. 

6.1 Trend 

To study the trend of greenium on a basic level we will compare green bond bid yield 

average compared to conventional bid yield average. The study will only compare the 

spread trend if there are more than 14 (seven of green and seven of conventional bond 

respectively) bid yield prices in the sample of bonds when looking at public sector and 

corporate sector separately. When looking at combined data minimum of 10 green bonds 

and 10 conventional bonds yield levels is demanded, respectively. These restrictions are 

arbitrary but are mainly placed to make sure that a decent quality mean data is achieved, 

and the variance is not too large. Due to some data shortage especially before 2019, not 

to high restrictions could be place. Due to the restrictions the sample for analysing the 

trend starts in October 2017. Due to data shortage, the study will focus on weekly changes 

in yields, as daily yields also have a lot more noise incorporated into it. Having weekly 

data points will give a much smoother and clearer development of the difference in green 

and conventional bond spreads. Notable, the trend implied here only applies for the 

matched sample and is by no means a comprehensive look into the Nordic Green bond 

market. This might indicate interesting further studies for the changes in green bond 

pricing. 

By looking at figure 9 and figure 10, we can see that before 2019 there are indications of 

differences. Before 2019, Green bonds demanded higher yield compared to conventional 

bonds, but after 2018, the opposite is true and green bonds demands lower yields for 

public sector bonds. This is not completely the same for corporate sector bonds, as there 

is no major difference after 2019 for corporate sector bonds. However, in 2020 there is 

a large change in bond pricing due to the Corona virus and subsequent central bank 

actions. Sadly, this minimizes the differences and renders it impossible to see any clear 

differences. 

The differences are larger in corporate sector bonds, but the average yields are also 

higher and as such, this result does not mean much. The change in yield due to corona is 

quite a bit more extreme in corporate sector bonds, which would indicate that investors 
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were more fearful for corporate bonds than public sector bonds. However, the recovery 

towards pre-corona yields were quick for corporate bonds. Interestingly, corporate bond 

yields stayed at a relatively same level compared to pre corona levels, but public sector 

bonds sank to a lower yield level than before the crisis. This can probably be attributed 

to the large purchase programme issued by central banks, which tends to decrease yields 

(Todorov 2020).  

.  
Dotted line shows the difference: Green bond yield – Conventional bond yield for public sector bonds. 

Solid line shows the green bond yield and the dashed black line shows conventional bond yield. 

Figure 9 Public Sector Yields 
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Dotted line shows the difference Green bond yield – Conventional bond yield for corporate sector bonds. 

Solid line shows the green bond yield and the dashed black line shows conventional bond yield for corporate sector 
bonds. 

Figure 10 Corporate Sector Yields 

 

6.1.1 Liquidity trend 

Figure 11 shows the evolution of the difference in liquidity proxy. The values are very 

close to zero, which indicates that there is not a large difference in liquidity in green bond 

and conventional bonds. Before 2020, most values are positive and indicates that green 

bonds are less liquid (larger value being less liquid), which is not surprising considering 

that green bond market is not as mature or large as conventional bond market (Hyun et 

al. 2019). The interesting part is that after the first reaction to Covid 19 in spring 2020, 

there seems to be a major shift where green public bonds in fact become the more liquid 

type of bonds. Also, this graph explains the large Min number found in table 3 as there 

is large shift in the 𝛥𝐿𝑖,𝑡 from the mean of the data to a comparatively large negative 

value in spring 2020. Corporate sector bonds only go close to zero difference at the turn 

to 2020, but otherwise has a positive value indicating larger liquidity risk for green 

bonds. Notable, is the very large reaction to Covid-19 compared to public sector bonds, 

which also corresponds with the yield difference reaction for the corporate sector bonds.  

Interestingly, this would indicate differing results to Wulandri et al. (2019), who showed 

that green bonds in general are more liquid. This can be explained by two reasons, this 
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study data set focuses only on Nordic green bonds, and that they measure the liquidity 

difference with more than one liquidity proxy.  

 

 

Liquidity proxy Green – Liquidity proxy Conventional, dark red line represents corporate liquidity proxy, black line 
represents public sector liquidity proxy. 

Figure 11 Liquidity proxy development 

 
It is arguable that the result would be different if one would change the time periods into 

two: before 2019 and after 2019. By looking at the trend curves, one can see that there is 

a large shift during the end of 2018 and as such this might even out the difference by 

being a positive difference first and a negative difference after. As such, a robustness test 

will be conducted by splitting the data into two periods: before 2019 and after 2018. 

6.2 Regression and Fixed Effect Results 

Next, we will present the results for the regressions and the fixed effects, and first we will 

present the results for public sector and then for the corporate sector. After that, the 

differences or similarities will be discussed. 
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6.2.1 Public sector 

        Regression Results Public Sector 

                 DY 
    Newey-West                    Beck-Katz 

    robust std.err                robust std.err 

Predictors 
  Estimates 

 (Std.Error) 
     p 

  Estimates 

 (Std.Error) 
      p 

  Estimates 

 (Std.Error) 
      p 

𝛥𝐿𝑖,𝑡 4.0945442 

(1.490056) 

<0.001 4.0945442 

(1.4900561) 

<0.001 4.0945442 

(0.4152914) 

<0.001 

       

Observations  24128  

R2 / 

R2 adjusted 

0.002159 /  

0.00086885 

 

Figure 12  

Figure 12 shows the regression result for public sector bonds regression. The liquidity 

proxy difference 𝛥𝐿𝑖,𝑡 has a positive coefficient of 4.094, which indicates that a one basis 

point increase in Bid-Ask spread increases the yield difference (Greenium) with 4.094 

basis points. The results do not follow that of Zerbib (2019), who found a -9.88 decrease 

in basis points. The magnitude is the same, but the coefficient is different, and this can 

be attributed to a different liquidity proxy. The results are highly significant at the 0.01 

p-level both at the regular Fixed effect regression and Newey-West and Beck-Katz robust 

std. error tests. The R-square is very low at 0.02305, which is not surprising due to the 

very low values of the liquidity proxy. However, it is not of concern as the matching 

method is used to remove as much of the difference as possible between the conventional 

and green bond.  

Figure 13 presents the summary statistics of the fixed effect.  

 

Figure 13 Summary statistics of public sector fixed effects 

Interestingly, the results show a positive difference of 0.004987 yield. Which would 

indicate that green bonds demand a higher yield of 0.4 basis points than conventional 

bonds. This is not in line with prior research, which have found indications of negative 

pricing. To test if there is a statistically significant difference between the yield of green 

Min 1st Qu Median Mean 3rd Qu Max

-0,12248 -0,04223 0,009052 0,004987 0,042756 0,212261
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and conventional bond, Wilcoxon signed-rank test can be used with a null hypothesis of 

no difference. Wilcoxon signed-rank test does not put as heavy demands on the data as 

t-test and as such fits well for this dataset (Wilcoxon 1945). The test can be performed 

as either two-sided or one-sided, and in this study, we will use a two-sided test to see if 

the fixed effect is different to zero, if the fixed effect is not zero then there exists a 

greenium, positive or negative. As such, we can test the hypothesis: 

H0: no difference, 𝑝𝑖  = 0  

H1: a negative difference, 𝑝𝑖  <0 

H2: a positive difference, 𝑝𝑖  >0 

We cannot reject the null hypothesis of 𝑝𝑖= 0 with a p-value of 0.8217, n value of 47 and 

26 positive values and thus we cannot reject H:0. As such, no difference is found between 

green bond or conventional bonds. It is notable, that due to limited number of matched 

pairs it is hard to reject the null hypothesis in a Wilcoxon signed-rank test even though 

it is relatively strong even with lower n values (Wilcoxons 1945).  

6.2.2 Corporate Sector 

   Regression Results Corporate Sector 

                 DY 
    Newey-West                    Beck-Katz 

    robust std.err                robust std.err 

Predictors 
  Estimates 

 (Std.Error) 
     p 

  Estimates 

 (Std.Error) 
      p 

  Estimates 

 (Std.Error) 
      p 

𝛥𝐿𝑖,𝑡  32.076708 

(0.761187) 

<0.001  32.076708 

(4.290691) 

<0.001  32.076708 

(2.079615) 

<0.001 

       

Observations  16371  

R2 / 

R2 adjusted 

0.092221/  

0.089495 

 

Figure 14 

Figure 14 represents the result for Corporate sector regression. There is a very large 

difference in the estimated effect of liquidity proxy. Corporate sector bonds liquidity 

proxy seems to affect the difference in greenium by 32 points for every one percent 
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increase, which compared to the public sector 4.09 is a major difference. Otherwise, the 

results are in line with the results of public sector bonds. R squared is larger at 0.09 

compared to 0.002 of public sector bonds, which is probably due to the larger 

explanatory effect of 𝛥𝐿𝑖,𝑡 on the corporate sector greenium. This would indicate that 

liquidity risk affects green corporate bonds more heavily.  

Figure 15 presents the summary statistics of the fixed effects of the time invariant fixed 

effect for corporate bonds. 

 

Figure 15 Summary statistics of corporate sector fixed effects 

Interestingly, the median is negative in corporate sector bonds, while it is positive in 

public sector bonds. Also, max and min are significantly larger in corporate bonds 

compared to public sector bonds, three times as large. This indicates quite a bit larger 

variance between the datasets. This is not surprising, as corporate sector bond data is 

much wider and more heterogenous.  

We perform the Wilcoxon signed-ranked t-test again, and the test cannot reject the null 

hypothesis with a p-value of 0.8332, with 33 negative values and n-value of 64. As such, 

we cannot reject the null hypothesis of there being a difference in corporate green bonds 

and conventional bonds.  

It can be concluded that there is no major difference between public sector bond and 

corporate sector bonds. Corporate sector bonds have a higher liquidity proxy value of 

around 32 compared to around 4 of public sector, which would indicate a higher liquidity 

risk for corporate sector green bonds. There is no greenium, positive or negative, to be 

found on either public sector bonds or corporate sector bonds and therefore we cannot 

conclude that there would be a difference between green bond pricing in the two sectors. 

It is important to note, that the variance is larger in the corporate bond sector, but this 

can be attribute also to either noise or sample size and as such shows no clear sign of any 

difference.   

6.3 Robustness Checks 

To verify the results this study, we will conduct two different robustness checks. As was 

noted in the matching section, we will run a full matching algorithm to see that the result 

Min 1st Qu Median Mean 3rd Qu Max

-0,59554 -0,09569 -0,00182 0,000377 0,127536 0,657662
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was not affected by the matching method chosen or the arbitrary levels of difference in 

maturity, duration (months) and issued amount. The second robustness check is due to 

the difference noted in the trend, where there seems to be a difference between the data 

before 2019 and after 2019. Therefore, the data will be split between before 2019 and 

after. Obviously, any results from either of these robustness checks must be taken with a 

pinch of salt. It is a known fact that correlation can be found by altering the time 

investigated and by decreasing the period studied results lose reliability and have higher 

variance. Full matching is much more prone to faults of the algorithm, a more 

complicated process, and data cleaning, and as such, the results are more prone to faults 

of either machine or human.  

6.3.1 Full Matching 

6.3.1.1 Public Sector 

The process to look if the full match algorithm has produced a good result follows that of 

the nearest neighbour matching process. First, by a visual inspection of the region of 

common support, and secondly, by looking at standardized mean difference and the 

mean differences. 

By looking at the propensity scores given in the full match algorithm in figure 16, one can 

assess the region of common support visually, and we find that there are only two large 

outliers. One green bond issued by Kingdom of Sweden and one green bond issued by 

Kommunekredit. Otherwise, the largest major difference is the large difference between 

the group of propensity scores in 0-15 compared to green bonds.  

In full matching, the goal is to match every bond, but some will not be matched as there 

exist no possible match due to restrictions imposed by exact distances. The number of 

controls matched is much larger (387 controls to 117 treated). As such, it is of large 

importance to assess the matches visually to remove bad matches and increase the 

quality of matches. Before a visual inspection, the differences in means are large, as 

proven by the Welchs T-test in table 7, too large for doing any meaningful analysis. Due 

to the nature of Full Matching, one can, and should, put harder restrictions on the 

matches to improve fit. As such, the restrictions on difference between green bonds and 

conventional bonds in months is decreased to one year and issued amount difference to 

only two times larger or smaller. The constraint of maturity date difference lowered to 

one year, compared to one and half a year in nearest neighbour matching. After cleaning 
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the matches, we are left with 42 matched pairs for Public sector bonds, 42 control and 

29 treated bonds.  

The mean difference and the standardized mean difference have decreased to an 

acceptable level, SDD for Months is 0.074 and for Issued Amount 0.181, which enables 

us to use the data set for matching4. Interestingly, variable seniority only gets matched 

with value SNDB (senior bond), and this is not optimal as it violates the CSA assumption 

but will be ignored due to only being a robustness check. Assessing the differences in 

means, show that quality of the control group is not at the same level as NNMR matched 

data. This can be attributed to the fact that in full match method, one green bond can be 

matched up to five control bonds. As such, if the treated bond has a longer duration, then 

it will affect the mean quite heavily. It is also the least important of the non-exact 

matching covariates, while issued amount and maturity are of greater importance and of 

focus in this robustness check. The difference is not large enough to offset this data, but 

the result must be taken with caution.  

 

Figure 16 Distribution of propensity scores full match public sector 

 
4 SDD data can be found in the appendix 5. 
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6.3.1.2 Corporate Sector 

Looking at the region of common support in figure 17 it can be seen that most of the 

values fall inside 0.3 and 0.5, but there are quite a few in the control group that have not 

even approximately close matches. This is not optimal, and it is a stretch to assume that 

region of common support is completely fulfilled. This is probably due to the large 

variance in issued amounts in the data set and leaves large outliers compared to green 

bonds. But it will suffice here, as most of the data is within the same range and most of 

it will probably be removed in the data cleaning part.  

For data cleaning, we follow the same process as with public sector bonds. After cleaning 

we are left with 45 pairs, where we have 34 green bonds and 42 treated bonds. 

The standardized mean difference has decreased to 0.084 for Months and 0.240 for 

Issue amount, which is an acceptable level, even though a strict mean for Issue amount 

is quite large. Interestingly, as in the public sector full match sample, variable seniority 

only gets matched with value SNDB (senior bond). This is not optimal but will be ignored 

due to only being a robustness check. The mean has improved quite a lot in months due 

to cleaning, which can be seen from table 7. Though it is of interest that issued amount 

difference has increased, which would indicate that issued amount for conventional bond 

is quite a bit larger, it is acceptable due to the nature of full matching, which was 

explained in the public sector part. Moreover, as SDD for issued amount is 0.240, which 

is a better explanatory measurement for matching comparisons, the difference in means 

should not be of concern.  
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Figure 17 Distribution of propensity score full match corporate sector 
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Table 7 Mean difference tests 

Welch Two-
Sample t-
test   Green Conventional P-Val t-val 

Public Sector         

N=387 Before Cleaning         

  Months 68.4058 59.5319 0.0344 -2.139 

  
Issued Amount 
(in 100 millions) 8,42 18,60 0.0555 1.93 

            

N=72 After Cleaning         

  Months  60.1724 53.4419 0.1516 -1.4524 

  
Issued Amount 
(in 100 million) 6,84 7,62 0.3664 0.90919 

            

Corporate Sector         

N=679 Before Cleaning         

  Months 61.8098 84.8505 <0.001 7.6746 

  
Issued Amount 
(in 100 million) 388,17 445,77 0.4401 -0.7731 

            

N=90 After Cleaning         

  Months 53.9333 52.3778 0.6912 -0.3985 

  
Issue Amount 
(in 100 million) 797,11 1535,73 0.2601 1.1388 
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6.3.2 Results Full Match 

Regression Results Public Sector 

                 DY 
    Newey-West                    Beck-Katz 

    robust std.err                robust std.err 

Predictors 
  Estimates 

 (Std.Error) 
     p 

  Estimates 

 (Std.Error) 
      p 

  Estimates 

 (Std.Error) 
      p 

𝛥𝐿𝑖,𝑡  10.138192 

(0.752565) 

<0.001  10.138192 

(1.9971611) 

<0.001  10.138192 

(0.7345936) 

<0.001 

       

Observations  218543  

R2 / 

R2 adjusted 

0.022728 /  

0.020457 

 

 

Regression Results Corporate Sector 

                 DY 
    Newey-West                    Beck-Katz 

    robust std.err                robust std.err 

Predictors 
  Estimates 

 (Std.Error) 
     p 

  Estimates 

 (Std.Error) 
      p 

  Estimates 

 (Std.Error) 
      p 

𝛥𝐿𝑖,𝑡  0.74642 

(0.10439) 

<0.001  0.74642 

(1.44394) 

>0.1  0.74642 

(0.12369) 

<0.001 

       

Observations 14973  

R2 / 

R2 adjusted 

0.0034135 /  

0.0047607 

 

Figure 18 Regression results for full match samples 

 

Figure 18 presents the regression results for the full match regressions. Interestingly, 

𝛥𝐿𝑖,𝑡 has changed quite a lot. For public sector bonds, the proxy has grown from around 

4 to around 10, this is still in the same magnitude and is not a large difference. But 𝛥𝐿𝑖,𝑡 

has changed quite significantly for corporate sector bonds; from 30 to 0.746. The Newey-

West robust standard error regression is not significant, which also indicates that the 

result for the full match sample is not significant. This raises the question of the validity 
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of the corporate sector liquidity proxy and its value, but the difference might be due to 

the data size difference. 

 

Figure 19 Summary of fixed effects public sector full match sample 

Figure 19 shows the result for the full matched public sector fixed effect. The difference 

in mean is negligible compared to the main results, 0,004 compared to 0,009. Min, max 

and both quartiles have decreased slightly, which indicates a smaller variance and tighter 

spread.  

Wilcoxon signed rank t-test cannot reject the null hypothesis that the fixed effect is 

different to zero with 24 positive bonds and a p-value of 0.3984 with an n value of 43. 

 

Figure 20 Summary of fixed effects public sector full match sample 

Figure 20 shows the summary of the fixed effects for corporate sector full match sample. 

Interestingly, it is the first result with a negative mean, yet the value is still very close to 

zero. Also as in the public sector full match result, the quartiles and min and max has 

decreased, which indicates a smaller variance.  

Wilcoxon signed rank t-test cannot reject the null hypothesis that the fixed effect is 

different to zero with 24 negative values and p-value of 0.8493 with n-value of 45.   

As such, the full match sample results for the fixed effect mimics that of the real result 

with no greenium to be found. The large difference that is found is the difference between 

corporate sector liquidity proxies. A change of almost 30 points is quite large and raises 

the question of the validity of the liquidity proxy results.  

6.3.3 Before 2019 and After  

By splitting the data to before 2019 and after, we gain insight into if the period has any 

effect on the result. These results might be of interest also for future research by giving 

indications of changes in time to green bonds. The discussion concerning green bond 

market maturity has been a large talking point due to different views of how investors 

see green bonds and of how to grow the green bond markets. If there is a large change in 

Min 1st Qu Median Mean 3rd Qu Max

-0,0733 -0,03297 0,00395 0,009059 0,034317 0,206305

Min 1st Qu Median Mean 3rd Qu Max

-0,30491 -0,06311 -0,00992 -0,0028 0,063507 0,206597
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the pricing of green bonds, it might give strong indications of improved market maturity 

or of large-scale shift of investor demand to green bonds.  

The large issue with the data is that a vast majority of the green bonds are issued after 

2019. As such, we first compare the before and after result only on bonds that exist before 

2019 and after, then we combine all the data points per sector. Finally, all data is 

combined to compare the full bond sample to get a bond sample large enough to analyse. 

Even by combining the whole data set, there is only 28 bond pairs that exist both during 

the period before 2019 and after. Therefore, the study uses all bonds that exist before 

and then compare them to all bonds that exist after 2019. This will cause problems with 

the results, as there is also a large change in the bond universe due to the time constraint.   

Table 8 presents the results of the various regressions and fixed effect analysis. The 

second column presents the regression results and the corresponding p-values. The third 

column presents the time invariant fixed effect summary statistics, the mean, min and 

max. In the fourth column is the Wilcoxon signed rank t-test result. In the parenthesis is 

shown if there are more positive or negative values. Notable is, that a positive difference 

means that the difference would be a negative greenium, i.e., a situation where investors 

would pay less for green bonds and negative difference means that that investors would 

pay less for conventional bonds, the expected greenium.  

Table 8 Results of different bond samples 

First column shows what sample has been tested, second column shows the 𝛥𝐿𝑖,𝑡 value and p-values, third column 

show the fixed effect mean, min and max and the last column shows the Wilcox signed rank t-test results. 

Results 

Regression result 

for 𝛥𝐿𝑖,𝑡 

p-value,  
p-val Newey-West,  

p-val Beck-Katz 

Fixed effect:  
Mean 

[Min ; Max] 

Wilcox Signed-Rank test 
p-value  

All    

Before All 
N=29 

 9.0745 
<0.001        
<0.001  
<0.001 

0.054997  
[-0.2512, 0.51249] 

0.1557 [19 Positive] 

After All 
N=29 

      7.42705 
<0.001        
<0.01  

<0.001 

0,039706  
[-0.1062, 0.2180] 

0.06104 [20 Positive] 

All after 
All 
N=97 

      25.20236 
<0.001        
<0.001  
<0.001 

 0,002188  
[-0.5244, 0.41727] 

0.914 [48, Positive] 
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Results 

Regression result 

for 𝛥𝐿𝑖,𝑡 

p-value,  
p-val Newey-West,  

p-val Beck-Katz 

Fixed effect:  
Mean 

[Min ; Max] 

Wilcox Signed-Rank test 
p-value  

Public 
Sector 

   

Before 
Public 
N=18  

     9.51942 
<0.001        
<0.001  
<0.001 

0.039048 
[-0.2236, 0.261487] 

0.4423 [11, Positive] 

After 
Public 
N=18 

     8.5780 
<0.001        
<0.05  

<0.001 

0.01558 
[-0.1063, 0.11887] 

0.3927 [11, Positive] 

All after 
Public 
N=48 

     7.8142 
<0.001        
<0.001  
<0.001 

0.00534  
[-0.1225, 0.21226] 

0.7799 [27, Positive] 

Corporate    

Before 
Corporate 
N=11 

    7.4643 
<0.001        
<0.01 

 <0.001 

0.081094  
[-0.2511, 0.51249] 

0.2402 [8, Positive] 

After 
Corporate 
N=11 

    6.4756 
<0.001        
<0.001 
 <0.001 

0.079168 
[-0.0742, 0.2180] 

0.01855 [9, Positive] 

All after 
Corporate 
N=49 

    30.0399 
<0.001       
 <0.001 
 <0.001 

0.009555  
[-0.5244, 0.41727] 

0.6011 [25, Negative] 

 

In all nine tests, only one significant test was found, the After Corporate test with a p 

value of 0.018. But the n-value of the test was only 11 and as such can probably be 

attributed to variance. Interestingly the test indicates a negative difference, where 

investors would be ready to pay less for green bonds than conventional bonds. This goes 

against what the trend indicated and conventional theory where the pricing of green 

bonds should increase due to increased demand. This result goes against all other 

findings on studies about greenium. The test After All was significant on a 10 percent 

significance level, this is likely due to having the same data as After Corporate test added 

together with the After Public data. But no other test showed any presence of greenium 

positive or negative and as such, it can be concluded that there is no significant greenium 
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when accommodating for period. It is to be noted that the data sets, especially all the 

before data sets, are very lacking and no conclusion can be drawn of the time biases.  

Interestingly, every regression is significant at a five percent significance level and all but 

one at a 1 percent significance level. The liquidity proxy increases quite massively in the 

All after dataset for corporate bonds and all bonds. This indicates that corporate bonds 

issued after 2018 have a larger liquidity risk. This can theoretically be explained by the 

Covid-19 crisis and as such need to be taken with a pinch of salt. 
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7 CONCLUSIONS 

This thesis has studied the prevalence of greenium in Nordic public and corporate sector 

green bonds. The goal of the thesis was to study if there is a difference between public 

and corporate sector green bonds. The question answered was: Is there a greenium in 

the Nordic green bond market and Is there a difference between the corporate sector 

and public sector green bonds.  To answer these questions a matching algorithm was 

used to create a synthetic causal method with a fixed effect regression to analyse the 

effect of the label green. Data was collected from Bloomberg on public and corporate 

sector green bonds, for every issuer was also collected conventional bonds to create pairs 

using the matching algorithm. Public sector bonds were analysed first, with 48 pairs of 

conventional and green bonds, and after that 49 corporate sector bond pairs. After 

executing the regression and the subsequent fixed effect was analysed, no greenium 

could be found. In fact, the result indicated that at most, there would be a negative 

greenium where investors would demand higher yield for green bonds. However, the 

fixed effect estimated for both public and corporate sector bonds were very close to zero. 

These fixed effects were analysed using Wilcoxon ranked signed t-test to see if they were 

different to zero. Both corporate and public sector bonds were found to not be priced 

differently to conventional bonds.  

To investigate if the results would change due to method errors, a full match algorithm 

was executed on the same data. During cleaning of the matches, stricter restrictions on 

maturity, issued amount and duration were forced. The results are not largely different. 

The fixed effect results are nearly equal, which indicates that the results are robust. But 

liquidity proxy behaves differently. Corporate sector bonds have smaller liquidity proxy 

effect on 𝛥𝑌𝑖,𝑡 compared to the first result, which indicates that the liquidity proxy for 

corporate bonds is biased due to some unseen effect.  

When looking at the trend of green bond and conventional bond yields and liquidity 

proxy, it is indicated that before 2019 green bond yields were on average higher and after 

2018 green bond yields on average lower. So, the data was split into pre-2019 and post-

2018, the same regressions and fixed effect analysis was run. The results found one 

significant result of a negative greenium, where investors would have been ready to pay 

less for green bonds, but the test had a n-value of 11 and as such the result can be 

attributed to variance. Otherwise the results did not change compared to main results 

and no difference in yields were found, though this robustness check did suffer from lack 
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of size on the data, where the largest pre data size was only 29 matched pairs. Though 

the combined after dataset of both public and corporate sector bonds did reach 97 pairs.  

As such it can be concluded that there is no significant difference on green bonds in the 

Nordic market, neither in the public sector or corporate sector. This is in line with 

Larcker et al (2019) and Wensas & Wilt (2019). This is not in line with Zerbib (2019), 

Baker et al. (2018), Fatica et al. (2020) or Bachelet et al. (2019). The difference can be 

attributed to a couple of reasons. First, Zerbib (2019), Fatica et al. (2020) and Bachelet 

et al. (2019) analyses the whole green bond market and Baker et al. (2019) studied the 

US green bond market, meanwhile this study only focuses on Nordic bonds and as such 

the data set is quite different. Secondly, as shown with the trend analysis there seem to 

have been shifts in the pricing of the green bonds, and as such there might have been 

differences in pricing when the market was not as mature. Lastly, results vary in studies 

about green bonds, some find greenium some do not, some find positive reactions from 

stock markets, some find the opposite. As such, no definite conclusions on the existence 

of greenium can be drawn. We also need to note, that most of the positive results are at 

a level of 1-7 basis points, which translates into 0.01-0.07 yield difference, and this might 

raise questions of publication bias.  

On the other hand, liquidity conclusions cannot be drawn from the data set. It seems that 

liquidity proxy varies greatly depending on the data and method used. The only unifying 

attribute is the positive sign in front of the proxy, which is logical as higher illiquidity has 

increased risk, and as such should demand higher yield. It seems that the large effect on 

the liquidity proxy in Nearest Neighbour matched corporate result would come from the 

Covid-19 crisis spring. This can be inferred from by looking at the before and after results 

of corporate bonds. Where before 2019 the liquidity proxy did not have a large 

coefficient, but after dataset indeed had a quite a large coefficient. Also, as the full match 

samples gave different results compared to the nearest neighbour results, no conclusions 

can be drawn on the liquidity of green bonds. This would be in line with what Wulandri 

et al. (2019) showed. 

This result might be due to many factors, the main reason probably being that green 

bonds are of the same risk as conventional bonds issued by the same issuer. As such 

investors, especially large institutional investors, who dominate the bond market (Pavot 

and Valenta 2021), cannot forgo yield for the label green, both due to judicial reasons, as 

in the case of pension funds (Finlex 2015) and competitive reason such as asset 

managers. For asset managers, return is of great importance as investors generally move 
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their money towards the highest yield, and therefore asset managers cannot forgo yield 

in fear of losing customers (Itzhak et al. 2019). However, there are many specialized 

socially responsible investing funds that might be ready to forgo yield.  

This study only shows that investors merely demand the same level of yield as a 

conventional bond with similar risk. It does not infer if issuers gain lower cost of capital 

due to decreased coupon payments. It is important to note, that there is one large 

problem with the dataset. A large amount of the bond data is issued during a time of low 

interest rates, when the average yield of bonds is around 1 percent, and therefore it is 

hard to compare differences, as the yields are so low from the start. One even larger issue 

is caused by the Covid-19 crisis, which, as shown by the trend analysis, affects the yields 

and liquidity proxy quite heavily. This can cause large problems in the pricing of bonds, 

especially corporate bonds, and in the regression due to a large unexplained shift. The 

dataset was also limited, by only having around 50 bonds of each sector, it is hard to draw 

any definite conclusions. Also, the SUTVA assumption was at best a heroic assumption, 

which is an important assumption in causal studies. Alas, these results are not 

conclusive, but they strongly indicate that there is no pricing difference.  

It seems that investors do not value the label “green” to such an extent that it would be 

ready to forgo yield to buy these securities. Interestingly in media discussion it is often 

concluded that greenium exists, but this might be due to methodological errors, for 

example, where all bonds are compared to green bonds. As concluded by Karpf et al. 

(2017) green bond might be even priced lower compared to conventional bonds if their 

attributes are taken to consideration. Greenium might be due to the firms itself who 

issued green bonds, and not the green bond itself (Karpf and Mandel 2018). Yet green 

bond issuances are oversubscribed (Climate Bond Initiative 2019) which indicates that 

there is a large amount of demand that is not sated yet. Also, green bonds are popular 

amongst issuing entities and supply is growing, which can be inferred from the increased 

bond data set after 2018.  

This result indicates that investors do not value the label green, and profit is still the main 

driving motivator. To grow the use of green bonds a couple of actions would be helpful. 

Standardization needs to be developed, if standardization becomes more streamlined 

and easier to understand, investors and issuers risk would decrease and as such lower 

the threshold to start issuing or investing into them. It is debated that the EU taxonomy 

would be the solution to this, but so far it seems to fall short (Hay 2021).  To make sure 

that green bond issuances have a lower cost of capital for the issuing entity, it would be 
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helpful to give green bonds some subsidies to increase the profitability for both the issuer 

and investor. One such change would be a taxation change, if green bonds would have a 

lower tax, or tax exempt, on its coupons then investors could demand smaller coupon 

payments and gain the same profit as a conventional bond. In the same way green bond 

verification could be subsidised by the government to decrease the initial cost of issuing 

green bonds, this would especially help smaller firms that find the initial cost of issuing 

green bonds high. 

In future research, it would be of interest to see how the Covid-19 affected the pricing of 

green bonds, both due to the reactions from European central bank and from investors. 

Also, as the label green is heavily affected by third party verifiers, it is of interest to see 

how green bond markets and pricing of green bond develops, once a large universal 

framework is adopted to verify the “greenness” of a bond. It is hoped that this would be 

the taxonomy developed by the EU commission, but this is to be seen (European 

Commission 2020). It would also be of interest to research how the banking sector is 

priced, due to the different nature of the branch. This study was not able to study bank 

sector green bonds, as it was not possible to create a large enough dataset of bank pairs. 

Another interesting thing with green bonds is the huge demand for green bonds, a future 

study could analyse how much more green bonds are subscribed compared to 

conventional bonds. There should be higher demand on average due to SRI funds, which 

can only buy green bonds and as such increase the demand comparatively. Also, studying 

difference between green bonds and other sustainability bonds, such as social bonds 

could bring better insight how socially responsibility is valued. 
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APPENDIX 1 DESCRIPTIVE STATISTICS  

All Data 

All Data 
0 

(N=1159) 
1 

(N=484) 
Overall 

(N=1643) 

Months    

Mean (SD) 101 (360) 70.3 (39.3) 92.1 (304) 

Median 
[Min, Max] 

60.0 [1.00, 
12000] 

60.0 [24.0, 300] 60.0 [1.00, 12000] 

IssueAmount    

Mean (SD) 
1280000000 

(4450000000) 
921000000 (1770000000) 

1180000000 
(3860000000) 

Median 
[Min, Max] 

500000000 
[800000, 

49200000000] 

500000000 [10000000, 
20000000000] 

500000000 [800000, 
49200000000] 

CouponFreq
uency 

   

Mean (SD) 2.16 (1.56) 2.54 (1.47) 2.27 (1.54) 

Median 
[Min, Max] 

1.00 [0, 12.0] 2.00 [1.00, 4.00] 1.00 [0, 12.0] 

Rating    

A 116 (10.0%) 27 (5.6%) 143 (8.7%) 

A- 74 (6.4%) 94 (19.4%) 168 (10.2%) 

A+ 52 (4.5%) 6 (1.2%) 58 (3.5%) 

AA 50 (4.3%) 6 (1.2%) 56 (3.4%) 

AA- 97 (8.4%) 18 (3.7%) 115 (7.0%) 

AA+ 184 (15.9%) 74 (15.3%) 258 (15.7%) 

AAA 338 (29.2%) 56 (11.6%) 394 (24.0%) 

BAA1 4 (0.3%) 0 (0%) 4 (0.2%) 

BB+ 1 (0.1%) 0 (0%) 1 (0.1%) 

BBB 52 (4.5%) 28 (5.8%) 80 (4.9%) 

BBB- 20 (1.7%) 15 (3.1%) 35 (2.1%) 

BBB+ 7 (0.6%) 50 (10.3%) 57 (3.5%) 

N 164 (14.2%) 109 (22.5%) 273 (16.6%) 

AAA- 0 (0%) 1 (0.2%) 1 (0.1%) 

Currency    

AUD 17 (1.5%) 3 (0.6%) 20 (1.2%) 

CHF 1 (0.1%) 0 (0%) 1 (0.1%) 

DE 8 (0.7%) 10 (2.1%) 18 (1.1%) 

EUR 59 (5.1%) 7 (1.4%) 66 (4.0%) 
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All Data 
0 

(N=1159) 
1 

(N=484) 
Overall 

(N=1643) 

FI 61 (5.3%) 11 (2.3%) 72 (4.4%) 

IC 17 (1.5%) 1 (0.2%) 18 (1.1%) 

NO 308 (26.6%) 72 (14.9%) 380 (23.1%) 

NOK 48 (4.1%) 9 (1.9%) 57 (3.5%) 

SEK 138 (11.9%) 88 (18.2%) 226 (13.8%) 

SW 385 (33.2%) 273 (56.4%) 658 (40.0%) 

TRY 1 (0.1%) 0 (0%) 1 (0.1%) 

USD 116 (10.0%) 10 (2.1%) 126 (7.7%) 

IssuerCountr
y 

   

AUD 13 (1.1%) 4 (0.8%) 17 (1.0%) 

CHF 1 (0.1%) 0 (0%) 1 (0.1%) 

DE 31 (2.7%) 5 (1.0%) 36 (2.2%) 

DKK 3 (0.3%) 0 (0%) 3 (0.2%) 

EUR 189 (16.3%) 31 (6.4%) 220 (13.4%) 

FI 55 (4.7%) 6 (1.2%) 61 (3.7%) 

GBP 7 (0.6%) 1 (0.2%) 8 (0.5%) 

HKD 2 (0.2%) 1 (0.2%) 3 (0.2%) 

IDR 2 (0.2%) 0 (0%) 2 (0.1%) 

ISK 8 (0.7%) 0 (0%) 8 (0.5%) 

JPY 44 (3.8%) 2 (0.4%) 46 (2.8%) 

NO 85 (7.3%) 15 (3.1%) 100 (6.1%) 

NOK 244 (21.1%) 66 (13.6%) 310 (18.9%) 

SEK 242 (20.9%) 251 (51.9%) 493 (30.0%) 

SW 209 (18.0%) 91 (18.8%) 300 (18.3%) 

USD 23 (2.0%) 6 (1.2%) 29 (1.8%) 

ZAR 1 (0.1%) 0 (0%) 1 (0.1%) 

TWD 0 (0%) 5 (1.0%) 5 (0.3%) 

 

 

Descriptive Statistics Extra 

All 
0 

(N=1159) 
1 

(N=484) 
Overall 

(N=1643) 

NAME    

AB STENA METALL FINANS 3 (0.3%) 1 (0.2%) 4 (0.2%) 

AGDER ENERGI AS 5 (0.4%) 2 (0.4%) 7 (0.4%) 

AKADEMISKA HUS 26 (2.2%) 3 (0.6%) 29 (1.8%) 
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AKERSHUS ENERGI AS 2 (0.2%) 2 (0.4%) 4 (0.2%) 

ARENDALS FOSSEKOMPANI 1 (0.1%) 1 (0.2%) 2 (0.1%) 

ATRIUM LJUNGBERG AB 5 (0.4%) 15 (3.1%) 20 (1.2%) 

BANE NOR EIENDOM 4 (0.3%) 2 (0.4%) 6 (0.4%) 

BKK AS 7 (0.6%) 3 (0.6%) 10 (0.6%) 

BONHEUR ASA 3 (0.3%) 1 (0.2%) 4 (0.2%) 

CASTELLUM AB 2 (0.2%) 2 (0.4%) 4 (0.2%) 

CITY OF GOTHENBURG 23 (2.0%) 12 (2.5%) 35 (2.1%) 

CITY OF MALMO SWEDEN 9 (0.8%) 8 (1.7%) 17 (1.0%) 

CITY OF OSTERSUND 5 (0.4%) 4 (0.8%) 9 (0.5%) 

CITY OF VELLINGE SWEDEN 7 (0.6%) 3 (0.6%) 10 (0.6%) 

DANSKE BANK A/S 3 (0.3%) 1 (0.2%) 4 (0.2%) 

DNB BANK ASA 2 (0.2%) 0 (0%) 2 (0.1%) 

DNB BOLIGKREDITT AS 50 (4.3%) 4 (0.8%) 54 (3.3%) 

EIDSIVA ENERGI AS 3 (0.3%) 5 (1.0%) 8 (0.5%) 

ELECTROLUX AB 10 (0.9%) 1 (0.2%) 11 (0.7%) 

ENTRA ASA 6 (0.5%) 6 (1.2%) 12 (0.7%) 

FABEGE AB 2 (0.2%) 20 (4.1%) 22 (1.3%) 

FANA SPAREBANK BOLIGKRED 1 (0.1%) 1 (0.2%) 2 (0.1%) 

FASTIGHETS AB BALDER 3 (0.3%) 4 (0.8%) 7 (0.4%) 

FERDE AS 21 (1.8%) 6 (1.2%) 27 (1.6%) 

FINGRID OYJ 10 (0.9%) 1 (0.2%) 11 (0.7%) 

FORTUM VARME HOLDING SAM 2 (0.2%) 2 (0.4%) 4 (0.2%) 

GLITRE ENERGI AS 5 (0.4%) 2 (0.4%) 7 (0.4%) 

HAFSLUND E-CO AS 9 (0.8%) 1 (0.2%) 10 (0.6%) 

JERNHUSEN AB 6 (0.5%) 11 (2.3%) 17 (1.0%) 

KINGDOM OF SWEDEN 15 (1.3%) 2 (0.4%) 17 (1.0%) 

KOMMUNALBANKEN AS 53 (4.6%) 8 (1.7%) 61 (3.7%) 

KOMMUNEKREDIT 31 (2.7%) 5 (1.0%) 36 (2.2%) 

KOMMUNINVEST I SVERIGE 53 (4.6%) 8 (1.7%) 61 (3.7%) 

KREDITTFORENING FOR SPBK 10 (0.9%) 2 (0.4%) 12 (0.7%) 

KUNGSLEDEN AB 7 (0.6%) 11 (2.3%) 18 (1.1%) 

KUNTARAHOITUS OYJ 55 (4.7%) 6 (1.2%) 61 (3.7%) 

LANDSBANKINN HF 17 (1.5%) 1 (0.2%) 18 (1.1%) 

LANDSHYPOTEK BANK AB 16 (1.4%) 2 (0.4%) 18 (1.1%) 

LEJONFASTIGHETER AB 2 (0.2%) 2 (0.4%) 4 (0.2%) 

LINKOPINGS STADSHUS AB 2 (0.2%) 2 (0.4%) 4 (0.2%) 

LUNDS KOMMUN 3 (0.3%) 3 (0.6%) 6 (0.4%) 
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LYSE AS 18 (1.6%) 3 (0.6%) 21 (1.3%) 

MALMO KOMMUN 1 (0.1%) 0 (0%) 1 (0.1%) 

NACKA KOMMUN 3 (0.3%) 1 (0.2%) 4 (0.2%) 

NORDEA BANK ABP 28 (2.4%) 3 (0.6%) 31 (1.9%) 

NORDEA KIINNITSLOUTTO 2 (0.2%) 0 (0%) 2 (0.1%) 

NORRKOPINGS KOMMUN 12 (1.0%) 2 (0.4%) 14 (0.9%) 

OP CORPORATE BANK PLC 3 (0.3%) 1 (0.2%) 4 (0.2%) 

OP MORTGAGE BANK 13 (1.1%) 1 (0.2%) 14 (0.9%) 

OREBRO KOMMUN 3 (0.3%) 9 (1.9%) 12 (0.7%) 

ORSTED A/S 5 (0.4%) 1 (0.2%) 6 (0.4%) 

OSLO KOMMUNE 11 (0.9%) 1 (0.2%) 12 (0.7%) 

REGION SKANE 2 (0.2%) 9 (1.9%) 11 (0.7%) 

REGION STOCKHOLM 13 (1.1%) 14 (2.9%) 27 (1.6%) 

RIKSHEM AB 37 (3.2%) 9 (1.9%) 46 (2.8%) 

SAGAX AB 4 (0.3%) 2 (0.4%) 6 (0.4%) 

SAMHALLSBYGGNADSBOLAGET 11 (0.9%) 4 (0.8%) 15 (0.9%) 

SANTANDER CONSUMER BANK 20 (1.7%) 2 (0.4%) 22 (1.3%) 

SBAB BANK AB 16 (1.4%) 7 (1.4%) 23 (1.4%) 

SCANIA CV AB 26 (2.2%) 2 (0.4%) 28 (1.7%) 

SFF BUSTADKREDITT AS 4 (0.3%) 2 (0.4%) 6 (0.4%) 

SKANDINAVISKA ENSKILDA 13 (1.1%) 1 (0.2%) 14 (0.9%) 

SOGN OG FJORDANE ENERGI 5 (0.4%) 4 (0.8%) 9 (0.5%) 

SPAREBANK 1 BOLIGKREDITT 32 (2.8%) 3 (0.6%) 35 (2.1%) 

SPAREBANK 1 OESTLANDET 23 (2.0%) 1 (0.2%) 24 (1.5%) 

SPAREBANK 1 SMN 33 (2.8%) 5 (1.0%) 38 (2.3%) 

SPAREBANK SOGN&FJORDANE 13 (1.1%) 2 (0.4%) 15 (0.9%) 

SPAREBANKEN SOR BOLIGKRE 2 (0.2%) 1 (0.2%) 3 (0.2%) 

SPAREBANKEN VEST BOLIGKR 15 (1.3%) 2 (0.4%) 17 (1.0%) 

SPECIALFASTIGHETER SVERI 14 (1.2%) 2 (0.4%) 16 (1.0%) 

SSB BOLIGKREDITT AS 2 (0.2%) 1 (0.2%) 3 (0.2%) 

STADSHYPOTEK AB 1 (0.1%) 0 (0%) 1 (0.1%) 

STANGASTADEN AB 1 (0.1%) 3 (0.6%) 4 (0.2%) 

STATNETT SF 20 (1.7%) 2 (0.4%) 22 (1.3%) 

STOCKHOLMS KOOPERATIVA B 1 (0.1%) 3 (0.6%) 4 (0.2%) 

STORA ENSO OYJ 5 (0.4%) 5 (1.0%) 10 (0.6%) 

SUNNDAL SPAREBANK 2 (0.2%) 1 (0.2%) 3 (0.2%) 

SUNNFJORD ENERGI AS 1 (0.1%) 0 (0%) 1 (0.1%) 

SVEASKOG AB 9 (0.8%) 8 (1.7%) 17 (1.0%) 
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SWEDAVIA AB 3 (0.3%) 2 (0.4%) 5 (0.3%) 

SWEDBANK AB 14 (1.2%) 3 (0.6%) 17 (1.0%) 

SWEDISH COVERED BOND 13 (1.1%) 1 (0.2%) 14 (0.9%) 

SWEDISH EXPORT CREDIT 48 (4.1%) 10 (2.1%) 58 (3.5%) 

SVENSK FASTIGHETS FIN 10 (0.9%) 10 (2.1%) 20 (1.2%) 

SVENSKA HANDELSBANKEN AB 50 (4.3%) 2 (0.4%) 52 (3.2%) 

TELIA CO AB 2 (0.2%) 0 (0%) 2 (0.1%) 

TELIA COMPANY AB 1 (0.1%) 1 (0.2%) 2 (0.1%) 

TRONDERENERGI AS 10 (0.9%) 2 (0.4%) 12 (0.7%) 

WALLENSTAM AB 4 (0.3%) 4 (0.8%) 8 (0.5%) 

VASAKRONAN AB 30 (2.6%) 80 (16.5%) 110 (6.7%) 

VASTERAS (CITY OF) 11 (0.9%) 2 (0.4%) 13 (0.8%) 

VATTENFALL AB 11 (0.9%) 0 (0%) 11 (0.7%) 

WILLHEM AB 9 (0.8%) 4 (0.8%) 13 (0.8%) 

VOLVOFINANS BANK AB 20 (1.7%) 5 (1.0%) 25 (1.5%) 

ARWIDSRO FASTIGHETS 0 (0%) 1 (0.2%) 1 (0.1%) 

EAST RENEWABLE AB 0 (0%) 1 (0.2%) 1 (0.1%) 

ELLEVIO AB 0 (0%) 2 (0.4%) 2 (0.1%) 

FANTOFT UTVIKLING AS 0 (0%) 1 (0.2%) 1 (0.1%) 

GRIEG SEAFOOD ASA 0 (0%) 1 (0.2%) 1 (0.1%) 

HEBA FASTIGHETS AB 0 (0%) 3 (0.6%) 3 (0.2%) 

HUMLEGARDEN FASTIGHETER 0 (0%) 19 (3.9%) 19 (1.2%) 

LUOSSAVAARA-KIIRUNAVAARA 0 (0%) 2 (0.4%) 2 (0.1%) 

NCC TREASURY AB 0 (0%) 2 (0.4%) 2 (0.1%) 

NORD-TRONDELAG HOLDING 0 (0%) 1 (0.2%) 1 (0.1%) 

NORGESGRUPPEN ASA 0 (0%) 3 (0.6%) 3 (0.2%) 

NORSKE TOG AS 0 (0%) 2 (0.4%) 2 (0.1%) 

NP3 FASTIGHETER 0 (0%) 1 (0.2%) 1 (0.1%) 

NYKREDIT REALKREDIT AS 0 (0%) 2 (0.4%) 2 (0.1%) 

ORSTED WP TW HLDGS 0 (0%) 5 (1.0%) 5 (0.3%) 

REALKREDIT DANMARK 0 (0%) 1 (0.2%) 1 (0.1%) 

SKANSKA FINL SERVICES AB 0 (0%) 2 (0.4%) 2 (0.1%) 

SODRA SKOGSAGARNA 0 (0%) 1 (0.2%) 1 (0.1%) 

SPARBANKEN SKANE 0 (0%) 1 (0.2%) 1 (0.1%) 

SR-BOLIGKREDITT AS 0 (0%) 1 (0.2%) 1 (0.1%) 

STOCKHOLM EXERGI HOLD 0 (0%) 5 (1.0%) 5 (0.3%) 

SVSKA HANDELSFASTIGHETER 0 (0%) 2 (0.4%) 2 (0.1%) 

TEKNISKA VERKEN LINDKOPI 0 (0%) 1 (0.2%) 1 (0.1%) 
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VACSE AB 0 (0%) 4 (0.8%) 4 (0.2%) 

VASTRA GOTALANDSREGIONEN 0 (0%) 1 (0.2%) 1 (0.1%) 

SECTOR    

BANK 364 (31.4%) 50 (10.3%) 414 (25.2%) 

Basic Materials 9 (0.8%) 8 (1.7%) 17 (1.0%) 

Financial 26 (2.2%) 3 (0.6%) 29 (1.8%) 

FINANCIAL 236 (20.4%) 242 (50.0%) 478 (29.1%) 

Government 345 (29.8%) 106 (21.9%) 451 (27.4%) 

INDUSTRIAL 70 (6.0%) 41 (8.5%) 111 (6.8%) 

SPECIAL PURPOSE 13 (1.1%) 3 (0.6%) 16 (1.0%) 

TELEPHONE 3 (0.3%) 1 (0.2%) 4 (0.2%) 

TRANS - NON RAIL 3 (0.3%) 3 (0.6%) 6 (0.4%) 

UTILITY - ELEC 90 (7.8%) 27 (5.6%) 117 (7.1%) 

Collateral    

BONDS 1 (0.1%) 2 (0.4%) 3 (0.2%) 

CERT OF DEPOSIT 20 (1.7%) 0 (0%) 20 (1.2%) 

COMPANY GUARNT 28 (2.4%) 12 (2.5%) 40 (2.4%) 

COVERED 146 (12.6%) 22 (4.5%) 168 (10.2%) 

JR SUBORDINATED 6 (0.5%) 0 (0%) 6 (0.4%) 

LOCAL GOVT GUARN 110 (9.5%) 18 (3.7%) 128 (7.8%) 

NOTES 1 (0.1%) 0 (0%) 1 (0.1%) 

SECURED 3 (0.3%) 2 (0.4%) 5 (0.3%) 

SR SECURED 10 (0.9%) 12 (2.5%) 22 (1.3%) 

SR UNSECURED 800 (69.0%) 411 (84.9%) 1211 (73.7%) 

SUBORDINATED 20 (1.7%) 0 (0%) 20 (1.2%) 

UNSECURED 14 (1.2%) 5 (1.0%) 19 (1.2%) 

 
 

 

Public Sector Descriptive Statistics Extra 
 

 

Descriptive Statistics Extra 

Public Sector 
0 

(N=380) 
1 

(N=117) 
Overall 
(N=497) 

NAME    

AKADEMISKA HUS 26 (6.8%) 3 (2.6%) 29 (5.8%) 

CITY OF GOTHENBURG 23 (6.1%) 12 (10.3%) 35 (7.0%) 

CITY OF MALMO SWEDEN 9 (2.4%) 8 (6.8%) 17 (3.4%)  
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CITY OF OSTERSUND 5 (1.3%) 4 (3.4%) 9 (1.8%) 

CITY OF VELLINGE SWEDEN 7 (1.8%) 3 (2.6%) 10 (2.0%) 

FERDE AS 21 (5.5%) 6 (5.1%) 27 (5.4%) 

KINGDOM OF SWEDEN 15 (3.9%) 2 (1.7%) 17 (3.4%) 

KOMMUNALBANKEN AS 53 (13.9%) 8 (6.8%) 61 (12.3%) 

KOMMUNEKREDIT 31 (8.2%) 5 (4.3%) 36 (7.2%) 

KOMMUNINVEST I SVERIGE 53 (13.9%) 8 (6.8%) 61 (12.3%) 

KUNTARAHOITUS OYJ 55 (14.5%) 6 (5.1%) 61 (12.3%) 

LUNDS KOMMUN 3 (0.8%) 3 (2.6%) 6 (1.2%) 

MALMO KOMMUN 1 (0.3%) 0 (0%) 1 (0.2%) 

NACKA KOMMUN 3 (0.8%) 1 (0.9%) 4 (0.8%) 

NORRKOPINGS KOMMUN 12 (3.2%) 2 (1.7%) 14 (2.8%) 

OREBRO KOMMUN 3 (0.8%) 9 (7.7%) 12 (2.4%) 

OSLO KOMMUNE 11 (2.9%) 1 (0.9%) 12 (2.4%) 

REGION SKANE 2 (0.5%) 9 (7.7%) 11 (2.2%) 

REGION STOCKHOLM 13 (3.4%) 14 (12.0%) 27 (5.4%) 

SPECIALFASTIGHETER SVERI 14 (3.7%) 2 (1.7%) 16 (3.2%) 

SVEASKOG AB 9 (2.4%) 8 (6.8%) 17 (3.4%) 

VASTERAS (CITY OF) 11 (2.9%) 2 (1.7%) 13 (2.6%) 

VASTRA GOTALANDSREGIONEN 0 (0%) 1 (0.9%) 1 (0.2%) 

Structure    

FIXED 260 (68.4%) 71 (60.7%) 331 (66.6%) 

FLOATING 98 (25.8%) 44 (37.6%) 142 (28.6%) 

VARIABLE 15 (3.9%) 0 (0%) 15 (3.0%) 

ZERO COUPON 7 (1.8%) 0 (0%) 7 (1.4%) 

Floater 0 (0%) 2 (1.7%) 2 (0.4%) 

Collateral    

CERT OF DEPOSIT 7 (1.8%) 0 (0%) 7 (1.4%) 

LOCAL GOVT GUARN 109 (28.7%) 17 (14.5%) 126 (25.4%) 

NOTES 1 (0.3%) 0 (0%) 1 (0.2%) 

SR SECURED 2 (0.5%) 0 (0%) 2 (0.4%) 

SR UNSECURED 259 (68.2%) 98 (83.8%) 357 (71.8%) 

UNSECURED 2 (0.5%) 1 (0.9%) 3 (0.6%) 

BONDS 0 (0%) 1 (0.9%) 1 (0.2%) 
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Descriptive Statistics Extra Corporate sector 

Descriptive Statistics Extra 

Corporate Sector 
0 

(N=415) 
1 

(N=317) 
Overall 
(N=732) 

NAME    

AB STENA METALL FINANS 3 (0.7%) 1 (0.3%) 4 (0.5%) 

AGDER ENERGI AS 5 (1.2%) 2 (0.6%) 7 (1.0%) 

AKERSHUS ENERGI AS 2 (0.5%) 2 (0.6%) 4 (0.5%) 

ARENDALS FOSSEKOMPANI 1 (0.2%) 1 (0.3%) 2 (0.3%) 

ATRIUM LJUNGBERG AB 5 (1.2%) 15 (4.7%) 20 (2.7%) 

BANE NOR EIENDOM 4 (1.0%) 2 (0.6%) 6 (0.8%) 

BKK AS 7 (1.7%) 3 (0.9%) 10 (1.4%) 

BONHEUR ASA 3 (0.7%) 1 (0.3%) 4 (0.5%) 

CASTELLUM AB 2 (0.5%) 2 (0.6%) 4 (0.5%) 

EIDSIVA ENERGI AS 3 (0.7%) 5 (1.6%) 8 (1.1%) 

ELECTROLUX AB 10 (2.4%) 1 (0.3%) 11 (1.5%) 

ENTRA ASA 6 (1.4%) 6 (1.9%) 12 (1.6%) 

FABEGE AB 2 (0.5%) 20 (6.3%) 22 (3.0%) 

FASTIGHETS AB BALDER 3 (0.7%) 4 (1.3%) 7 (1.0%) 

FINGRID OYJ 10 (2.4%) 1 (0.3%) 11 (1.5%) 

FORTUM VARME HOLDING SAM 2 (0.5%) 2 (0.6%) 4 (0.5%) 

GLITRE ENERGI AS 5 (1.2%) 2 (0.6%) 7 (1.0%) 

HAFSLUND E-CO AS 9 (2.2%) 1 (0.3%) 10 (1.4%) 

JERNHUSEN AB 6 (1.4%) 11 (3.5%) 17 (2.3%) 

KUNGSLEDEN AB 7 (1.7%) 11 (3.5%) 18 (2.5%) 

LEJONFASTIGHETER AB 2 (0.5%) 2 (0.6%) 4 (0.5%) 

LYSE AS 18 (4.3%) 3 (0.9%) 21 (2.9%) 

NORDEA KIINNITSLOUTTO 2 (0.5%) 0 (0%) 2 (0.3%) 

OP MORTGAGE BANK 13 (3.1%) 1 (0.3%) 14 (1.9%) 

ORSTED A/S 5 (1.2%) 1 (0.3%) 6 (0.8%) 

RIKSHEM AB 37 (8.9%) 9 (2.8%) 46 (6.3%) 

SAGAX AB 4 (1.0%) 2 (0.6%) 6 (0.8%) 

SAMHALLSBYGGNADSBOLAGET 11 (2.7%) 4 (1.3%) 15 (2.0%) 

SCANIA CV AB 26 (6.3%) 2 (0.6%) 28 (3.8%) 

SFF BUSTADKREDITT AS 4 (1.0%) 2 (0.6%) 6 (0.8%) 

SOGN OG FJORDANE ENERGI 5 (1.2%) 4 (1.3%) 9 (1.2%) 

SPAREBANKEN SOR BOLIGKRE 2 (0.5%) 1 (0.3%) 3 (0.4%) 

SSB BOLIGKREDITT AS 2 (0.5%) 1 (0.3%) 3 (0.4%)  
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STANGASTADEN AB 1 (0.2%) 3 (0.9%) 4 (0.5%) 

STATNETT SF 20 (4.8%) 2 (0.6%) 22 (3.0%) 

STOCKHOLMS KOOPERATIVA B 1 (0.2%) 3 (0.9%) 4 (0.5%) 

STORA ENSO OYJ 5 (1.2%) 5 (1.6%) 10 (1.4%) 

SUNNFJORD ENERGI AS 1 (0.2%) 0 (0%) 1 (0.1%) 

SVENSK FASTIGHETS FIN 10 (2.4%) 10 (3.2%) 20 (2.7%) 

SWEDAVIA AB 3 (0.7%) 2 (0.6%) 5 (0.7%) 

SWEDISH COVERED BOND 13 (3.1%) 1 (0.3%) 14 (1.9%) 

SWEDISH EXPORT CREDIT 48 (11.6%) 10 (3.2%) 58 (7.9%) 

TELIA CO AB 2 (0.5%) 0 (0%) 2 (0.3%) 

TELIA COMPANY AB 1 (0.2%) 1 (0.3%) 2 (0.3%) 

TRONDERENERGI AS 10 (2.4%) 2 (0.6%) 12 (1.6%) 

VASAKRONAN AB 30 (7.2%) 80 (25.2%) 110 (15.0%) 

VATTENFALL AB 11 (2.7%) 0 (0%) 11 (1.5%) 

VOLVOFINANS BANK AB 20 (4.8%) 5 (1.6%) 25 (3.4%) 

WALLENSTAM AB 4 (1.0%) 4 (1.3%) 8 (1.1%) 

WILLHEM AB 9 (2.2%) 4 (1.3%) 13 (1.8%) 

ARWIDSRO FASTIGHETS 0 (0%) 1 (0.3%) 1 (0.1%) 

EAST RENEWABLE AB 0 (0%) 1 (0.3%) 1 (0.1%) 

ELLEVIO AB 0 (0%) 2 (0.6%) 2 (0.3%) 

FANTOFT UTVIKLING AS 0 (0%) 1 (0.3%) 1 (0.1%) 

GRIEG SEAFOOD ASA 0 (0%) 1 (0.3%) 1 (0.1%) 

HEBA FASTIGHETS AB 0 (0%) 3 (0.9%) 3 (0.4%) 

HUMLEGARDEN FASTIGHETER 0 (0%) 19 (6.0%) 19 (2.6%) 

LUOSSAVAARA-KIIRUNAVAARA 0 (0%) 2 (0.6%) 2 (0.3%) 

NCC TREASURY AB 0 (0%) 2 (0.6%) 2 (0.3%) 

NORD-TRONDELAG HOLDING 0 (0%) 1 (0.3%) 1 (0.1%) 

NORGESGRUPPEN ASA 0 (0%) 3 (0.9%) 3 (0.4%) 

NORSKE TOG AS 0 (0%) 2 (0.6%) 2 (0.3%) 

NP3 FASTIGHETER 0 (0%) 1 (0.3%) 1 (0.1%) 

ORSTED WP TW HLDGS 0 (0%) 5 (1.6%) 5 (0.7%) 

SKANSKA FINL SERVICES AB 0 (0%) 2 (0.6%) 2 (0.3%) 

SODRA SKOGSAGARNA 0 (0%) 1 (0.3%) 1 (0.1%) 

SR-BOLIGKREDITT AS 0 (0%) 1 (0.3%) 1 (0.1%) 

STOCKHOLM EXERGI HOLD 0 (0%) 5 (1.6%) 5 (0.7%) 

SVSKA HANDELSFASTIGHETER 0 (0%) 2 (0.6%) 2 (0.3%) 

TEKNISKA VERKEN LINDKOPI 0 (0%) 1 (0.3%) 1 (0.1%) 

VACSE AB 0 (0%) 4 (1.3%) 4 (0.5%) 
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SECTOR    

FINANCIAL 236 (56.9%) 242 (76.3%) 478 (65.3%) 

INDUSTRIAL 70 (16.9%) 41 (12.9%) 111 (15.2%) 

SPECIAL PURPOSE 13 (3.1%) 3 (0.9%) 16 (2.2%) 

TELEPHONE 3 (0.7%) 1 (0.3%) 4 (0.5%) 

TRANS - NON RAIL 3 (0.7%) 3 (0.9%) 6 (0.8%) 

UTILITY - ELEC 90 (21.7%) 27 (8.5%) 117 (16.0%) 

Collateral    

BONDS 1 (0.2%) 1 (0.3%) 2 (0.3%) 

CERT OF DEPOSIT 12 (2.9%) 0 (0%) 12 (1.6%) 

COMPANY GUARNT 28 (6.7%) 12 (3.8%) 40 (5.5%) 

COVERED 35 (8.4%) 7 (2.2%) 42 (5.7%) 

JR SUBORDINATED 6 (1.4%) 0 (0%) 6 (0.8%) 

SECURED 2 (0.5%) 2 (0.6%) 4 (0.5%) 

SR SECURED 8 (1.9%) 12 (3.8%) 20 (2.7%) 

SR UNSECURED 311 (74.9%) 278 (87.7%) 589 (80.5%) 

SUBORDINATED 1 (0.2%) 0 (0%) 1 (0.1%) 

UNSECURED 11 (2.7%) 4 (1.3%) 15 (2.0%) 

LOCAL GOVT GUARN 0 (0%) 1 (0.3%) 1 (0.1%) 
 

 
APPENDIX 2 STANDARDIZED DIFFERENCE IMPROVEMNT 

Public Sector  
 

  

Percent Balance Improvement         

Public Sector 
Std.Mean 
Diff. Var.Ratio 

eCDF 
Mean eCDF Max 

distance 80.7 83.9 81.2   14.3 

Months 85.9 85.7 74.6   23.4 

IssueAmount 90.1 91.7 53.4 43.8 

NAMEAKADEMISKAHUS 100.0 . 100.0 100.0 

NAMECITYOFGOTHENBURG 100.0 . 100.0 100.0 

NAMECITYOFMALMOSWEDEN 100.0 . 100.0 100.0 

NAMECITYOFOSTERSUND 100.0 . 100.0 100.0 

NAMECITYOFVELLINGESWEDEN 100.0 . 100.0 100.0 

NAMEFERDEAS 100.0 . 100.0 100.0 

NAMEKINGDOMOFSWEDEN 100.0 . 100.0 100.0 

NAMEKOMMUNALBANKENAS 100.0 . 100.0 100.0 

NAMEKOMMUNEKREDIT 100.0 . 100.0 100.0 

NAMEKOMMUNINVESTISVERIGE 100.0 . 100.0 100.0  
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NAMEKUNTARAHOITUSOYJ 100.0 . 100.0 100.0 

NAMELUNDSKOMMUN 100.0 . 100.0 100.0 

NAMEMALMOKOMMUN 100.0 . 100.0 100.0 

NAMENACKAKOMMUN 100.0 . 100.0 100.0 

NAMENORRKOPINGSKOMMUN 100.0 . 100.0 100.0 

NAMEOREBROKOMMUN 100.0 . 100.0 100.0 

NAMEOSLOKOMMUNE 100.0 . 100.0 100.0 

NAMEREGIONSKANE 100.0 . 100.0 100.0 

NAMEREGIONSTOCKHOLM 100.0 . 100.0 100.0 

NAMESPECIALFASTIGHETERSVERI 100.0 . 100.0 100.0 

NAMESVEASKOGAB 100.0 . 100.0 100.0 

NAMEVASTERAS(CITYOF) 100.0 . 100.0 100.0 

NAMEVASTRAGOTALANDSREGIONEN 100.0 . 100.0 100.0 

CurrencyAUD 100.0 . 100.0 100.0 

CurrencyCHF 100.0 . 100.0 100.0 

CurrencyEUR 100.0 . 100.0 100.0 

CurrencyNOK 100.0 . 100.0 100.0 

CurrencySEK 100.0 . 100.0 100.0 

CurrencyTRY 100.0 . 100.0 100.0 

CurrencyUSD 100.0 . 100.0 100.0 

RatingAA 100.0 . 100.0 100.0 

RatingAA+ 100.0 . 100.0 100.0 

RatingAAA 100.0 . 100.0 100.0 

RatingAAA- 100.0 . 100.0 100.0 

RatingN 100.0 . 100.0 100.0 

StructureFIXED 100.0 . 100.0 100.0 

StructureFloater 100.0 . 100.0 100.0 

StructureFLOATING 100.0 . 100.0 100.0 

StructureVARIABLE 100.0 . 100.0 100.0 

StructureZEROCoupon 100.0   100.0 100.0 

SeniorityJNDB 100.0 . 100.0 100.0 

SenioritySNDB 100.0 . 100.0 100.0 

CollateralBONDS 100.0 . 100.0 100.0 

CollateralCERTOFDEPOSIT 100.0 . 100.0 100.0 

CollateralLOCALGOVTGUARN 100.0 . 100.0 100.0 

CollateralNOTES 100.0 . 100.0 100.0 

CollateralSRSECURED 100.0 . 100.0 100.0 

CollateralSRUNSECURED 100.0 . 100.0 100.0 

CollateralUNSECURED 100.0 . 100.0 100.0 

CouponFrequency 100.0 84.0 100.0 100.0 
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APPENDIX 3 DISTRIBUTION OF PROPENSITY SCORES NEAREST 
NEIGHBOUR AND WITH REPLACEMENTS 

Upper, Nearest Neighbour without replacement, lower Nearest Neighbour with replacement. 
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APPENDIX 4 RESULTS OF WELCH TEST ON NEAREST NEIGHBOUR 
WITHOUT REPLACEMENT 

  
Welch Two Sample t-test After matching 

  Months Issue Amount  

Groups Estimates CI         p Estimates CI p 

GroupGreen 70.19101 -3.4823 

  21.8868 

  0.1538 1162100191 -704398563 

977700069 

0.7482 

GroupConve 79.39326   1025339438   

Observations 89 89 

t-value 1.4338 0.3217 

 

 

Welch Two Sample t-test After cleaning 

  Months Issue Amount  

Groups Estimates CI         p Estimates CI p 

GroupGreen 70.79661 -13.1293 

  11.3666 

  0.8869 832033898 -432786421 

587871167 

0.7637 

GroupConve 69.91525   909576271   

Observations 59 89 

t-value -0.14253 0.30145 
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APPENDIX 5 IMPROVEMENT ON STANDARDIZED DIFFERENCE ON 
FULL MATCH SAMPLE 

Public Sector Full Match 

 

Variable    

 Mean Conv Mean Green Std.diff 

Months 6.049400e+01 6.202400e+01 0.074 

IssueAmount 7.193529e+08 6.473214e+08 0.181 

CouponFrequency 2.600000e+00 2.600000e+00 0.000 

    

 

% 
Conventional % Green  

Rating AA 0.012 0.012  
Rating AA+ 0.506 0.506  
Rating AAA 0.376 0.376  
Rating N 0.106 0.106  
Currency AUD 0.012 0.012  
Currency EUR 0.012 0.012  
Currency NOK 0.176 0.176  
Currency SEK 0.588 0.588  
Currency USD 0.212 0.212  
Structure FIXED 0.541 0.541  
Structure FLOATING 0.459 0.459  
Collateral LOCAL GOVTGUARN 0.212 0.212  
Collateral SR UNSECURED 0.776 0.776  
Collateral UNSECURED 0.012 0.012  
Seniority SNDB 1.000 1.000  

 

Corporate Sector Full Match 

Variable    

 Mean Conv Mean Green Std.diff 

Months 5.393300e+01 5.237800e+01 0.084 

Issue Amount 7.971111e+08 1.535733e+09 0.240 

Coupon Frequency 3.000000e+00 3.000000e+00 0.000 

    

 % Conventional % Green  
Rating A 0.044 0.044  
Rating A- 0.244 0.244  
Rating A+ 0.022 0.022  
Rating AA- 0.044 0.044  
Rating AAA 0.089 0.089  
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Rating BBB 0.111 0.111  
Rating BBB- 0.022 0.022  
Rating N 0.422 0.422  
Currency EUR 0.044 0.044  
Currency NOK 0.156 0.156  
Currency SEK 0.800 0.800  
Country FI 0.022 0.022  
Country NO 0.200 0.200  
Country SW 0.778 0.778  
Structure FIXED 0.333 0.333  
Structure FLOATING 0.667 0.667  
Collateral COVERED 0.089 0.089  
Collateral SR SECURED 0.067 0.067  
Collateral SR UNSECURED 0.844 0.844  
Seniority SNDB 1.000 1.000  

 

 

 


