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Abstract 

This study provides a comprehensive analysis of green bond performance in the secondary market. As 

green bonds have increasingly enjoyed popularity among investors and issuers, their market has 

rapidly grown over recent years. Although research has provided many insights into the green bond 

market, it has not yet come up with conclusive evidence on the financial performance of green bonds. 

To drive the knowledge on green bond performance forward and to identify bond attributes that 

determine the performance in particular, we carry out the following study. It is based on a bond sample 

that consists of matched green and non-green bonds showing similar characteristics. In this way, we 

can attribute differences in the bond performance to the green feature.  

Our findings indicate that green bonds exhibit a Yield-to-Maturity that is 1.3 basis points lower than 

the one of comparable non-green bonds. As a consequence, green bonds trade at a slight premium. 

Furthermore, the findings reveal the importance of a bond’s issuer type. The expected Yield-to-

Maturity of government green bonds is found to be 2.6 basis points lower than the one of non-green 

government bonds, whereas the difference is only 1.0 basis points considering corporate bonds. The 

findings also point towards varying green effects across different bond credit ratings as the green 

premium paid by investors is estimated to be higher for green bonds of the very high rated segment. 

According to our results, neither the ESG score nor the issue currency have a significant influence on 

the green effect. Finally, we investigate how green bonds perform when combined in a portfolio with 

other asset classes. Examining historical price movements, our results suggest that including green 

bonds in a widely dispersed portfolio leads to slightly higher diversification benefits than incorporating 

their non-green counterparts. Overall, we conclude that green bonds are an attractive investment 

opportunity offering both, a nearly equivalent return as similar traditional investments and a positive 

environmental impact. Contrarily, issuers do not seem to benefit from access to considerably cheaper 

financing when issuing green instead of conventional bonds.   
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1 Introduction 

In response to climate change, an energy and environmental transition entailing an altered economic 

framework is indispensable (Kapraun & Scheins, 2019; Doyle, 2013). In order to curb the increasing 

number of extreme climate events associated with global warming, the Paris Climate Agreement 

already laid the foundation for a more environmentally friendly economic growth. It was passed in 

2015 at the United Nations Climate Change Conference and covers, inter alia, the commitment of the 

leading countries in carbon emissions to cut down on their climate-changing pollution. Thereby, it 

pursues to keep a temperature rise below two degrees Celsius (United Nations Climate Change, 2020). 

The persistent urgency and importance of this transition is well-demonstrated by a statement made 

by the president of the European Economic and Social Committee, Luca Jahier: 

“Unfortunately, the world is not on track to achieve the objectives of the Paris Agreement on climate 

change and SDG targets and this could have devastating implications for all of us.” 

(European Economic and Social Committee, 2020) 

His speech emphasises that efforts have to be stepped up to a level far beyond where they are at this 

point to be able to reach the ambitious goal of keeping the global temperature rise within limits. For 

this to happen, the engagement of an immense amount of capital is essential. More specifically, the 

United Nations has estimated the worldwide cost to combat climate change at USD 2.4 trillion per year 

(Intergovernmental Panel on Climate Change, 2018). 

However, there is a large gap between the required and supplied funding to finance projects mitigating 

climate change. Therefore, green bonds are often regarded a promising mean to encourage 

sustainability since they can channel funding towards sustainable projects (Karpf & Mandel, 2018). As 

opposed to conventional bonds, green bond issuers are obliged to use the proceeds to foster 

environmental protection. This comprises projects that promote, for example, energy efficiency, 

pollution prevention, sustainable management of land use and clean transportation (International 

Capital Market Association, 2018). Another reason why green bonds could play a pivotal role to bridge 

this climate finance gap is the rapid growth of their market in recent years. With the first green bond 

brought to market in 2007 by the European Investment Bank (Ehlers & Packer, 2017), the market has 

grown on an accelerating pace with newly issued green bonds worth USD 257.7 billion in 2019 only 

(Climate Bonds Initiative, 2019). This progress, combined with society’s increasing awareness in terms 

of sustainability, leads green bonds to constitute a mean with lots of potential in regards to climate 

change mitigation (Cohen, 2014). Investors thereby obtain the chance to steer economic growth 

towards a more sustainable path by acquiring green bonds instead of conventional bonds (Karpf & 

Mandel, 2018). 
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Still, major difficulties remain that can hamper the future success of those bonds. As an example, there 

is a lack of a universally accepted definition of green bonds and a missing unified framework to label 

those bonds since issuers are free to self-label their bonds as green. Greenwashing fear could arise 

among investors because there is no obligation for a third-party label. In turn, the green bond market 

might suffer a loss of trust from the investor side. This trust is considered to be crucial for the green 

bond market to keep growing and to boost its share in the overall bond market (Kapraun & Scheins, 

2019). The International Capital Market Association (ICMA) has addressed this problem in 2014 by 

introducing the Green Bond Principles (GBP). These principles aim to enhance consistency of standards 

and transparency of the green bond market and are often seen as a key catalyst for the subsequent 

market development. Yet, applying the GBP remains voluntarily and obtaining a third-party green label 

can be cumbersome so that the current state of the market is still far from being standardized 

(International Capital Market Association, 2018). 

Another aspect that might hinder future market growth is that not enough investors might be willing 

to pay a premium for responsible investments. This can limit the success of green bonds as can be 

explained as follows: If a sizable number of investors incorporates an investment’s responsibility in 

their funding decision, responsible investments – in this case green bonds - will attract these investors 

in particular resulting in an increased demand and thus increased prices (Karpf & Mandel, 2018). It is 

commonly assumed that responsible investors are willing to pay this premium as they do not only 

obtain the potential financial profits but also a non-pecuniary benefit from the positive externalities 

generated by green bonds (Barber et al., 2019). In case investors pay such a premium on green bonds, 

issuers gain access to cheaper financing which provides an incentive to issue green bonds rather than 

conventional bonds. Hence, if a sufficient number of investors favours green bonds over non-green 

bonds and is simultaneously willing to pay a premium, the green bond market could be scaled up (Tang 

& Zhang, 2018). However, it remains questionable whether investors are deliberately willing to accept 

inferior financial performance for pro-environmental preferences. If this is not the case, demand would 

decrease, the premium would disappear and thereby also the incentive for issuers to provide green 

bonds as they lose their access to better financing conditions. This would keep the market from 

growing and presents a potential mismatch between green bond market growth and a lower cost of 

capital for issuers (Shishlov et al., 2016). 
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1.1 Rationale and Research Questions 

The preceding section describes the current importance of green bonds and demonstrates the 

relevance of analysing them and their financial performance in the market. Such an analysis is crucial 

as it enables us to draw inferences on the green bond market’s future development and helps us to 

gain insights whether investors are in fact paying a premium. While the green bond market has been 

growing, the amount of research conducted on green bonds has also been increasing. However, 

previous studies do not provide a unanimous opinion on green bond performance. Although some 

studies find them to be traded at a premium when compared to similar conventional bonds, others 

cannot support these findings. The mixed results might, however, be caused by the variations in focus 

and design as studies differ, for example, in terms of subsamples and time periods (e.g. Zerbib, 2019; 

Larcker & Watts, 2019; Hachenberg & Schiereck, 2018). 

Not only the varying results of former research but also the market’s accelerating growth and its great 

potential demonstrate the high relevance of a thorough analysis of the green bond market. Because a 

large part of former studies utilized data samples with a rather small number of observations, our 

motivation is to generate a sample that is larger than that of most studies and thereby obtain more 

reliable results. This is of particular importance when analysing the green effect considering different 

subgroups as they reduce the number of observations that can be evaluated. In order to draw further 

conclusions, it is also pertinent to examine which factors drive a green bond’s performance and to 

what extent. With this in mind, we conduct the following study. We examine and quantify a potential 

green effect and consequently formalize the following research questions: 

Is there a green effect on a bond’s financial performance? 

Provided that there is a significant green effect on a bond’s financial performance, 

 how does this effect vary across different bond characteristics? 

In other words, we analyse if the market reveals a green effect. We further investigate if a potential 

green effect depends on the issuer types examined in this work (corporate vs. government) and also if 

it depends on a company’s environmental, social and government (ESG) performance (low ESG score 

vs. high ESG score), its issue currency or its credit rating. Moreover, we evaluate how green bonds have 

performed financially in the past and thereby deduce whether green bonds perform differently 

compared to conventional bonds in a portfolio with other asset classes. 

In order to respond to these research questions and to assess how environmentally friendly motives 

influence a bond’s financial performance, the following research design is chosen. Initially, we match 

each green bond with a non-green bond according to specific characteristics influencing a bond’s 

financial performance. The purpose of this bond matching procedure is to obtain bond pairs that are 
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as identical as possible so that they barely differ and we can attribute differences in the bonds’ financial 

performance to the green label. The analysis is then split into two segments. In the first segment, the 

bond performance is measured by the Yield-to-Maturity (YTM). We retrieve cross-sectional data on 

the bonds’ YTM and further bond attributes which are said to affect a bond’s YTM to the greatest 

extent. These data are collected on 4th March 2020 and we obtain 496 bond matches in total. We run 

multiple regressions in which the YTM constitutes the dependent variable, and besides controlling for 

further factors, we include the green indicator as an independent variable. By means of the coefficient 

estimate on the green indicator we can infer if the green label in fact influences a bond’s financial 

performance. In order to evaluate how the green effect varies across different attributes of the bonds, 

we run several, slightly modified regressions. In the second segment of the analysis, we use a 

subsample of the bond matches that we obtained through the preceding bond matching process and 

retrieve historical time series data on the bonds’ total return index. In addition to that, we collect data 

on indices representing further asset classes, i.e. stocks, commodities and real estate. Subsequently, 

we apply the Modern Portfolio Theory by combining the asset classes in various ways in different 

portfolios, either adding green bonds or non-green bonds to the portfolios. Lastly, we set up efficient 

frontiers of the different portfolio types and by means of their shape and location in the mean-variance 

chart, we can compare the portfolios’ performance. 

Overall, we find a significant but small effect of -1.3 basis points of the green indicator on a bond’s 

YTM, indicating that green bonds trade at a slight premium. This effect varies depending on particular 

bond attributes. The YTM of corporate green bonds is by 1.0 basis points lower than the one of 

corporate non-green bonds and the YTM of government green bonds is found to be lower by 2.6 basis 

points compared to conventional government bonds. Therefore, the green effect is estimated to be 

larger for government bonds. Furthermore, our results provide evidence that the green effect on the 

YTM is stronger for very high rated bonds than the one of green bonds with a moderate or low rating. 

Regarding the green effect across ESG scores or issue currencies, we cannot find significant patterns. 

Only green bonds denominated in SEK show a statistically significant effect, predicting that these green 

bonds have almost identical YTMs compared to their non-green counterpart. All in all, however, our 

results indicate that green bonds trade at slightly higher prices so that investors pay a small premium 

when acquiring a green instead of a similar non-green bond. Referring to the second part of the 

analysis, we predominantly find superior mean-variance combinations for portfolios including green 

bonds instead of non-green bonds. This implies that an investor can realize higher returns for a given 

level of risk. We deem these results to be caused by the higher Sharpe ratios found for green bonds 

and also by greater diversification benefits when including green bonds instead of conventional bonds. 

It is necessary to underline that our analyses are only an evaluation of the direct financial return of 

green bonds, but green investors might also receive additional non-monetary utility. 
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This study contributes to previous research by using the latest data that has not been employed before. 

In relation to most of the research, our data sample is larger and still complies with strict matching 

criteria. Analysing various subsamples allows us to provide detailed results. Furthermore, we examine 

the implications of adding green bonds to a portfolio instead of comparable, non-green bonds in order 

to analyse potential diversification benefits. To our knowledge, a research of this design has not been 

presented in any of the established research papers on green bonds yet. 

 

1.2 Limitations and Underlying Assumptions 

Our study is based on several assumptions that may limit the universal validity of the results. A 

fundamental assumption of the following analysis is that our green bond sample represents the green 

bond market realistically. Another essential assumption is that the bond matching procedure is 

conducted in a manner so that differences in bond performance can be adequately attributed to the 

green label. 

We identify green bonds by means of the Bloomberg green indicator. While this indicator is generally 

perceived as reliable and presents a large number of green bonds, our study does not include any 

green bond which is not indicated as green by Bloomberg. Therefore, the analysis does not consider 

bonds that might fulfil the requirements to be considered green but do not dispose over a green label 

which transforms our study into an analysis of the “green label effect” rather than the green effect. 

Moreover, a data constraint of this work exists in the fact that the number of observations becomes 

rather small when investigating different subsamples so that findings related to these subsamples 

might not show large robustness. Our data is further limited inasmuch as we do not include municipal 

bond data since it is not available in Thomson Reuters (TR) and as we solely analyse the secondary 

market. In addition to that, no time series data on the total return index of government bonds exist in 

TR which is why our findings of the second part of the analysis are limited to corporate bonds.  

Throughout the entire analysis we disregard taxes which is relevant when regarding green bond 

returns. Tax advantages have been put into place specifically related to green bonds in order to 

incentivize issuers or investors, or both, and thereby support the green bond market. Furthermore, we 

do not consider transaction costs as we use data on the mid YTM so that the buying side is equal to 

the selling side. This simplifies our calculations substantially but might distort the true investor and 

issuer return. However, as our analysis is a comparison rather than an evaluation in absolute terms, 

this should only affect our results if the Bid-Ask spreads of green bonds generally differ from those of 

non-green bonds. 
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In addition to the previously mentioned aspects, there are shortcomings particularly related to the 

second part of the analysis. First, we apply estimates that are based on historical observations that 

cannot simply be projected into the future. Although standard deviations can be predicted fairly well 

using past data, the prediction of future returns is less precise. Second, when employing the Modern 

Portfolio Theory, the results propose high proportions of short-selling which is expensive in reality and 

therefore might not be perfectly applicable in practice. We further assume that the utilized indices 

represent the whole market of the corresponding asset class perfectly and again, do not take into 

consideration transaction costs. 

Lastly, we solely elaborate on the financial performance of green bonds but do not measure their 

environmental impact nor do we quantify how much non-pecuniary added value investors receive 

when investing in green bonds instead of conventional non-green bonds. Despite the abovementioned 

assumptions and limitations, we are confident our analysis delivers useful insights and applicable 

results which are helpful for future research on the green bond market. 

 

1.3 Composition 

This work is structured as follows: After an introduction to our investigation and the topic in general, 

we describe green bonds and outline their market’s progress in the course of time in Chapter 2. This 

also includes a presentation of the difficulties when analysing green bonds. Subsequently, Chapter 3 

presents relevant research on green bonds and presents the literature’s findings. The review has two 

main objectives: On the one hand, it serves to provide an overview of preceding studies, their methods 

and results and on the other hand, it introduces the rationale behind our hypotheses presented later. 

Chapter 4 complements the literature review by providing a framework of the financial theory that is 

fundamental to this work. This is followed by Chapter 5, setting forth four hypotheses that are drawn 

upon the previously acquired insights and that guide us through the analysis. Then, Chapter 6 describes 

our data sources and data sets. It explains the composition of the two data sets, the cross-sectional 

data set and the panel data set on which the analysis is primarily based on. Chapter 7 presents the 

methodology of our analysis and is divided into three main segments. First, we explain the bond 

matching process. Afterwards, we describe the approach of the first part of our analysis in which we 

run multiple cross-sectional regressions. Third, we elaborate on the procedure of the second part of 

the analysis in which we create various asset portfolios. In the following, Chapter 8 describes how we 

carry out the two parts of our analysis and presents their results. Chapter 9 concludes this work and 

provides an outlook for future research.  
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2 Green Bond Market Analysis 

As the green bond market belongs to the impact investing domain, this chapter first discusses the size 

and scope of impact investing in general. Thereafter, green bonds are defined, described in greater 

detail and an overview of the green bond market is provided. Finally, we show difficulties that may 

arise when analysing and issuing this particular type of bond. 

  

2.1 Impact Investing 

Recently, public awareness of impact investing has increased considerably. While the term was first 

coined in 2007 at a meeting of the Rockefeller Foundation, it is nowadays a widely spread concept in 

the world of finance. Especially due to the deteriorated reputation of the financial sector after the 

2007/08 crisis, numerous banks and other financial institutions have been trying to rebuild their image 

by introducing socially and environmentally responsible investments more frequently (Mudaliar & 

Diethirch, 2019a).  

Literature has provided different definitions of impact investing, however, all of them aim at the 

investment’s “(…) intention to generate positive, measurable social and environmental impact 

alongside a financial return” (The Global Impact Investing Network, 2020, p. 5). Therefore, the term 

describes investments into projects or institutions that positively contribute to the social welfare of 

society. These contributions include, for example, the reduction of poverty and hunger, support of 

gender equality, improved education and health or the stimulation of renewable energy (Mudaliar & 

Dithrich, 2019b). The term impact investing is still applied very broadly and varying terms are used 

when referring to this concept comprising sustainable investing, socially responsible investing, ESG 

investing or impact investing amongst others. However, these notions differ regarding the nature of 

welfare promotion and although they are frequently used interchangeably in practice, this is incorrect 

as they officially describe different concepts. Socially responsible investing, for instance, refers to 

investments that comply with the investor’s values, though, it does not actively intend to generate a 

positive impact (Hayat, 2012).  

The growing importance of the impact investing industry is demonstrated when considering the 

market size of its assets. According to the Global Impact Investing Network (GIIN), those assets 

amounted to USD 502 billion as of the end of 2018 and their growth is still rapidly accelerating 

(Mudaliar & Diethirch, 2019a). In addition to that, a survey undertaken by the Morgan Stanley Institute 

for Sustainable Investing emphasises society’s great interest in sustainable investments. This type of 

investment mostly coincides with the impact investing definition and according to the survey, 52% of 

US investors are involved in at least one sustainable investing activity and even 85% show interest in 
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sustainable investing (Morgan Stanley, 2019). Based on the findings by Rizzello and Carè (2016), the 

high popularity of impact investing can be explained by the simultaneous achievement of financial, 

social and environmental returns and by the recently increased number of recurring climate extremes. 

The prediction of a considerable growth of the market is also supported when analysing millennial’s 

preferences. That generation represents prospective investors and a large part of them believes that 

a central purpose of a business is to benefit society. Furthermore, millennials are estimated to be twice 

as likely as Generation X to consider their investments a way to show their environmental, social or 

political ideals. Nonetheless, the market share appears to be minor and the measurement of the 

impact investing market size poses a challenge due to blurred definitions of the impact investment 

term. The estimate of the GIIN is therefore only an approximation (United Nations Development 

Programme, 2020). 

In practice, the impact investing industry is diverse and appears in many different forms. The GIIN 

estimates that more than 1,340 organisations of different types currently manage the assets belonging 

to that market. Figure 1 illustrates which type of organisation manages impact investments to what 

extent. As depicted, impact capital is primarily channelled by asset managers. These managers 

encompass many types that invest, amongst others, into venture capital, private equity, fixed income, 

real assets and public equities. Development finance institutions, banks and pension funds manage 

another large fraction of the impact investment market. The fraction “Other” includes corporations, 

community development finance institutions and non-governmental organisations. The total assets 

under management (AUM) represented in the chart account only to USD 418 billion as some 

organisations are not included in the respective database (Mudaliar & Diethirch, 2019a). 

Impact investing can occur through a wide range of financial instruments, for example by the issuance 

of private equity, fixed income (e.g. bonds), real assets or public equities. Hence, green bonds also 

belong to the impact investing domain, with newly issued bonds worth USD 257.7 billion as of end of 

2019 (Climate Bonds Initiative, 2019). Since this work focuses on green bonds, the next sections 

exclusively refer to the green bond market. 
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Figure 1: Aggregate Assets under Management (AUM) by Organisation Type (Mudaliar & Diethirch, 2019a) 

 

2.2 Specification of Green Bonds 

In principle, green bonds work the same way as non-green bonds. They are a fixed income instrument 

which enables the issuer to raise money at the beginning of the bonds’ lifetime, but at the same time 

obligates the issuer to future interest payments – also called coupons - and redemption payments to 

the bond holder. Typically, the price of the bond and the amount and date of all future payments are 

fixed in the beginning (Baker et al., 2018; Berk & DeMarzo, 2017). Different forms of green bonds exist 

in the market depending on the nature of the issuer and on the coupon type. While bonds can be 

issued by private companies, banks, public governments or municipalities, they can also entail different 

coupon payments, such as floating, fixed and zero-coupons. A more detailed explanation of different 

bond types and their functionalities is provided in Section 4.2. In contrast to conventional bonds, green 

bond issuers commit to utilize the proceeds in order to stimulate environmental protection. Thus, 

green bonds do not only have the purpose of a financial investment but also the objective to contribute 

to the financing of green projects (Climate Bonds Initiative, 2018). It is difficult to determine whether 

a bond is green or not since various definitions for what makes a bond green exist. For this reason, the 

ICMA has introduced Green Bond Principles (GBP) which promote transparency and consistency in the 

green bond market. They predominantly aim to provide assistance when launching green bonds but 

also support investors in the evaluation of the bonds’ environmental impact. The GBP consist of four 

major components, which are 1. The Use of Proceeds, 2. The Process for Project Evaluation and 

Selection, 3. The Management of Proceeds and 4. The Reporting. Regarding component 1, for a bond 
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to be considered green the corresponding green project must lead to considerable environmental 

benefits. This could be achieved by using the proceeds, for example, to foster renewable energy, 

energy efficiency, pollution prevention or clean transportation. Component 2 refers to the fact that 

the bond issuer is obligated to clearly present the environmental sustainability objectives of the funded 

project to the investors. Component 3 adds that the net proceeds must be tracked in an appropriate 

manner, for example by opening an extra sub-account. Finally, component 4 claims that information 

on the use of all the proceeds must be kept up to date over the full lifetime of the green bond. 

Moreover, issuers are also encouraged to disclose the estimated impact of the project financed with 

the green bond. It is central to note that the GBP present mere guidelines for green bond issuance but 

are not mandatory to be applied. Still, they are commonly adopted and are also the guiding principles 

for the third-party green bond labelling process by the Climate Bonds Initiative (CBI), one of the most 

common green certifiers (International Capital Market Association, 2018). 

When analysing green bonds, it is important to distinguish between self-labelled and third-party 

labelled green bonds. The former constitutes a bond that is labelled as green only by the issuers 

themselves. Thereby, the GBP can be used as guidelines but are not compulsory so that the issuer is 

free to follow other principles. The latter is indicated as green through an independent assessment 

centre, which is why the third-party label is considered more reliable (Baker et al., 2018). The CBI 

applies the GBP but also Bloomberg has introduced such a third-party green label and assesses green 

bonds according to the GBP. Consequently, only the bonds whose proceeds are used entirely for green 

projects receive Bloomberg’s green label (Bloomberg L.P., 2015a). 

Since the CBI is one of the most common green label issuers, we describe the process of how to receive 

a third-party green certificate from the CBI in the following. First, the issuer prepares the bond by 

selecting assets that fulfil specific sector criteria imposed by the CBI and by planning how the proceeds 

will be used exactly. Second, the issuer selects an approved verifier from a list provided by the CBI. All 

of the approved verifiers examine the green bond eligibility according to the GBP and the issuer is free 

to choose a verifier that fits best in terms of sector and geographical coverage. Deloitte, EY, KPMG, 

PwC, Sustainalytics and Tüv Nord belong to these verifiers among others. Subsequently, the required 

information is provided to the approved verifier and in turn, the issuer receives a report, declaring that 

all requirements are met. This report is sent to the CBI, which decides on handing out the pre-issuance 

certification. If the issuer obtains the certification, it is allowed to issue the bond using the official third-

party green certification. Within the following year, the issuer is obligated to submit the verifier’s post-

issuance report to the CBI, confirming that the proceeds are used in a correct manner. In addition to 

this, the issuer is instructed to publish annual reports so that the CBI as well as the bond holders can 
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follow the usage of the proceeds. Figure 2 summarises the third-party labelling process of the CBI 

(Climate Bonds Initiative, 2020b). 

 

Figure 2: Process to Obtain CBI's Third-Party Green Bond Certification (Climate Bonds Initiative, 2018) 

Two types of additional costs arise regarding the third-party certification process that the issuer has to 

bear. There are internal costs that incur because the issuer has to set up internal processes to ensure 

requirements are met and that the use of bond proceeds is tracked properly. Apart from that, there 

are external costs which incur because an approved verifier has to validate the correct use of proceeds 

pre- and post-issuance (Lehmann, 2018). Hachenberg and Schiereck (2018) analysed that these 

external costs are estimated to account for approximately 0.3 to 0.6 basis points for a USD 500 million 

issue.  

 

2.3 Development of the Green Bond Market 

In accordance with the development of the impact investing market, the green bond market has grown 

rapidly in recent years. Starting with the European Investment Bank’s issuance of the “Climate 

Awareness Bond” in 2007, which is considered to have been the first green-labelled bond, there were 

1788 green bonds issued only in 2019 (Ehlers & Packer, 2017; Climate Bonds Initiative, 2019). The 

market growth has been particularly strong over the last six years. While the total amount of green 

bonds issued was approximately USD 42 billion in 2015, the market has constantly enjoyed higher 

popularity and reached a total amount issued of USD 257.7 billion in 2019. This trend of immense 

growth is illustrated in Figure 3. The figure also shows that the green bond market was projected to 

grow by approximately 51% in 2020, reaching a size of USD 350 billion by the end of this year (Climate 

Bonds Initiative, 2019). Due to the current COVID-19 downturn, this trend has recently been 

deteriorated so that by the end of March 2020 only USD 32 billion of green bonds have been issued, 

compared to USD 51.4 billion that had been issued by the end of March 2019 (Hurley, 2020). Although 

the projections might suffer from the current economic turmoil, several countries have already 
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announced that they are still carrying out their green bond issuance plans for this year (Ranasinghe & 

Bahceli, 2020). While the green bond market shows steady growth, it still only accounts for a small 

fraction of the total bond market. In 2016, bonds with a green label accounted for less than 1% of the 

total bond issuance (G20 Green Finance Study Group, 2016). 

 

Figure 3: Green Bond Market Growth from 2015 to 2020 (Climate Bonds Initiative 2016, 2017, 2018, 2019, 2020a) 

Taking a closer look at the composition of the green bond market, Europe constitutes the highest share 

of green bond issuance, followed by the Asia-Pacific area and North America. Only few green bonds 

are issued in Africa and South America and the amount issued by supranationals is also comparably 

small. Broken down by country, the United States have the largest market share of green bonds 

totalling to ~20%, followed by China ~12%, France ~11%, Germany ~7% and the Netherlands ~6% as of 

2019. Figure 4 presents the green bond issuance according to currency from July to December 2019. 

The figure displays that the majority of green bonds was issued in Euro (EUR), US dollar (USD) and 

Chinese yuan (CNY) accounting for 82% of the total issuance volume of the second half of 2019. In 

2018, more green bonds were issued in EUR (40%) than in USD (31%) for the first time. On the one 

hand, this was due to the fact that US municipals’ issuance dropped substantially by volume and on 

the other hand, this was driven by the factor that sovereigns in the Eurozone such as France, Belgium 

and Ireland as well as other European issuers provided green bonds on a large scale. 

Although only a couple of currencies appear to dominate the green bond market, it continues to 

diversify. In 2018 five new currencies1 entered the market which might attract more domestic investors 

                                                           
1 Chilean Unidad de Fomento, Icelandic crown, South Korean won, Namibian dollar and Thai baht 
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and increase the visibility of domestic markets to foreign investors. As an example, issuers in South 

Korea had issued green bonds up until 2018 only in hard currencies2 but then also introduced South 

Korean Won (KRW) denominated green bonds to the market (Climate Bonds Initiative, 2018). 

 

Figure 4: Green Bond Issuance by Currency in 2018 in Terms of Amount Issued (Climate Bonds Initiative, 2020c) 

In 2019, the largest part of the proceeds was spent on promoting clean energy (31%) and another 30% 

on green buildings as shown in Figure 5. Moreover, 20% were used to improve sustainable transport 

solutions. The remaining 20% of the overall raised money was used in the following sectors: green 

water, waste, land use, industry, information and communication technology solutions and adaptation 

and resilience (Climate Bonds Initiative, 2019).  

                                                           
2 Frequently traded currencies that belong to a politically and economically stable nation (Habib & Stracca, 2012). 
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Figure 5: Use of Green Bond Proceeds by Sector in 2019 (Climate Bonds Initiative, 2019) 

Green bonds are to a large extent issued by financial corporations. The three largest green bond issuers 

Fannie Mae, KfW and The Dutch State Treasury Agency are also entities primarily focusing on financial 

services. However, in 2019 the issuance of green bonds caught attention in non-financial corporations 

as well and the amount issued by these corporations increased substantially from 2018 to 2019 (USD 

29.5 billion to USD 59.3 billion) (Climate Bonds Initiative, 2019). 

Considering solely developed markets, which accounted for approximately 69% of the entire green 

bond market in 2018, corporate bonds constitute around 45% of the green bond volume. This is 

exemplified in Figure 6. While financial corporates make up the largest part with 25%, non-financial 

corporates are also responsible for 20% of the green bond issuance. Asset-Backed Securities (ABS) rank 

second and sovereign bonds third (Climate Bonds Initiative, 2018). 
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Figure 6: Green Bond Issuance by Issuer Type in Developed Markets in 2018 (Climate Bonds Initiative, 2018) 

Meanwhile, the label diversification in the overall bond market increases and there are bonds with 

supplementary labels besides the green label. These labels cover sustainability bonds, social bonds, 

SDG bonds, climate bonds or blue bonds amongst others. Most of the labelled bonds are characterized 

by the fact that they allocate the proceeds towards welfare improving actions. Sustainability or SDG 

bonds, for example, aim to achieve the United Nations’ 17 Sustainable Development Goals adopted in 

2015 and hence, pursue a combination of environmental and social goals (Climate Bonds Initiative, 

2018; United Nations Sustainable Development Goals, 2020). In contrast, green or climate bonds focus 

merely on the environmental aspect and social bonds only on the social aspect. Other labelled bonds 

like blue3 or forest4 bonds simply represent subcategories of green bonds which shows that the various 

labels are not necessarily mutually exclusive, so that a single bond can be assigned to several of the 

labels. Nevertheless, as shown in Figure 7, green labelled bonds still represent by far the highest share 

of all labelled bonds as of the end of 2018 (Climate Bonds Initiative, 2018). It should be noted that the 

total amount is lower than the overall sum of the separate labels as one bond can dispose over several 

labels. 

                                                           
3 Blue bonds: Use proceeds to fund marine conservation and sustainable fisheries  
4 Forest bonds: Use proceeds to fund sustainable forestry, forest conservatism and afforestation 
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Figure 7: Bond Labels - Bonds Grouped According to Labels (Climate Bonds Initiative, 2018) 

 

2.4 Difficulties Regarding the Green Bond Market 

After examining the past development and the current situation of the global green bond market, we 

elaborate on crucial difficulties related to green bonds. This includes criticism commonly raised when 

discussing the green bond market. 

Lack of a universal standard and arising greenwashing fear 

One of the key problems regarding the green bond market is the lack of a universally accepted standard 

of “green”. Different definitions of green bonds have arisen which makes it difficult to distinguish 

between truly green bonds and bonds that would not be accepted as green according to other, stricter 

guidelines (Pronina & Freke, 2019). To mitigate this problem, the ICMA has introduced the GBP, which 

are, however, only to be applied voluntarily. Therefore, issuers are still free to self-label their bonds 

(International Capital Market Association, 2018). It has been criticized that some guidelines applied to 

issue a green labelled bond can be tailored to any company or country so that issuers barely have to 

adapt their operations (Razzouk, 2018).  

Due to the missing standard and because green bond projects are of different environmental impact, 

confusion and mistrust towards the green bond market might arise, leading to greater greenwashing 

fear among investors (Larcker & Watts, 2019; Doran & Tanner, 2019). Greenwashing arises when a 
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company or an institution intentionally aims to be perceived as environmentally friendly, although it 

is not, and therefore issues green bonds that are in fact labelled incorrectly (Doran & Tanner, 2019). 

Furthermore, critics claim that green bonds can be used to fund projects that do less environmental 

harm but still do not represent sustainable alternatives. This is shown by the case of Repsol. The fossil 

fuel company has issued green bonds to finance a project increasing the efficiency of the firm’s oil 

refineries. Funding such a project, however, might not represent what investors expect of a green 

investment (Rajwanshi, 2019). Though, companies of environmentally harmful industries, such as the 

oil and coal sector, are currently permitted to label their bonds green and discussions whether projects 

in environmentally destructive sectors should be allowed to receive green bond funding are still 

underway (Pronina & Freke, 2019; Rajwanshi, 2019).  

Abusing the green label for tax advantages and good publicity 

A reason for issuers to favour green bonds over conventional bonds are tax benefits. Different tax 

policies have been put in place to incentivize issuers but also investors to participate in the green bond 

market. These policies vary depending on the country of issuance and the issuer type amongst others. 

As an example, US municipal green bond issuers receive tax benefits when issuing green bonds that 

finance clean energy projects. In Brazil, the issuance is tax-exempt if green bonds fund wind projects 

(Climate Bonds Initiative, 2020d). However, these advantages may lead issuers to label bonds as green 

although they do not comply with the respective requirements. In turn, the issuers profit from lower 

issuance costs and advantageous publicity as they present themselves as environmentally conscious 

(Trompeter, 2017). Recently, green advertising has increased considerably and especially companies 

experience pressure from consumers and investors to show responsible behaviour. This not only 

incentivizes companies to behave more sustainable but simultaneously pushes them towards 

greenwashing (Delmas & Burbano, 2011). 

Using green bond proceeds in an inadequate manner 

Another critical aspect is that bond proceeds can be used interchangeably. Depending on the type of 

green label, it is not always possible for the investor to follow the entire expenditures of the issuer. 

The proceeds of green bonds may cross-subsidize a non-green project, while the green project has 

already received sufficient financing beforehand. Hence, the green bonds will not lead to an increased 

amount of environmentally friendly projects but instead, they finance projects that would have been 

carried out by raising regular debt as well (Giugale, 2018). This raises the question of “additionality”: 

Do green bonds add capital that is channelled to green projects? Are green bonds financing projects 

which are far enough from “business as usual” to make a change? Because bonds are an investment 

vehicle that is frequently used to refinance existing projects instead of starting new projects, green 
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bonds’ additionality could be limited from the beginning. A possible solution is to agree on covenants 

with the issuer, committing to use freed up capital from the refinancing and put it into green projects. 

Then, the issuer discloses information just as it would report about the use of proceeds (Dupre & Koeb, 

2018).  

Moreover, criticism has been raised that the focus on green bonds could be too strong so if 

governments increasingly commit to green projects, they might cut down on other essential 

investments such as sanitation. As a consequence, the green investment would not necessarily 

improve welfare (Giugale, 2018). 

Impreciseness of green labels 

The impreciseness of green labels constitutes another difficulty regarding the green bond market. The 

green certification is often imprecise as most labels do not differentiate within the label itself so that 

the exact quantity or quality of environmental benefits remains unknown to the investor. First efforts 

have been made in order to increase transparency for investors. Cicero for example, an external green 

bond assessment provider, has implemented three different subcategories within its label in order to 

advise investors more accurately on a project’s environmental impact. Especially if green bonds do not 

follow any widely accepted standard, it is difficult for investors to distinguish between different levels 

of green (Doran & Tanner, 2019). 

Another critical aspect concerns the green label. When studying the green bond market, only bonds 

are considered that are labelled as green via a self-label or a third-party label. Yet, there is a large 

number of bonds financing sustainable projects which fulfil the green bond criteria but do not have an 

official green label. They are described as “climate-aligned bonds” by the CBI and if they were counted 

to the official green bond market, the market would be by many times larger (Sartzetakis, 2020). As a 

result, any analysis of the green bond market is rather a study of the green label than of green 

investments in general (Baker et al., 2018). 

Issuer fatigue 

Although green bonds might initially seem like a simple product that improves public relations, social 

welfare and perhaps even offers a financing advantage, it is often perceived as rather complex among 

issuers. Gren bond issuers have to assure a wide range of criteria are fulfilled and that they comply 

with an increasing number of rules and disclosure guidelines. In addition to that, the diverse parties in 

the green bond market such as the external reviewers of the green certificate lead to confusion and 

fatigue among issuers. As a consequence, when contemplating green bond issuance, issuers 

occasionally turn back to conventional bonds (Doran & Tanner, 2019). 
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3 Literature Review 

In the subsequent sections, a review of crucial academic literature published in the area of impact 

investment and green bonds specifically will be presented. As green bonds are a relatively new 

financial instrument - with the first green bond issued only in 2007 - there is a limited amount of 

research that has focused on green bond performance (Ehlers & Packer, 2017). Yet, an extensive 

amount of preceding studies has examined the performance of socially and environmentally 

responsible investments. 

After elucidating possible market mechanisms that are relevant for this work, an initial notion of the 

performance of responsible investments will be provided. Afterwards we focus exclusively on 

literature on green bond performance. Subsequently, research on diversification benefits in portfolios 

through distinct asset classes will be illustrated. This is vital as this study does not only conduct a single 

asset view, but also supplements existing literature by investigating green bond behaviour in relation 

to other asset classes. 

 

3.1 Central Green Bond Market Mechanism 

If a substantial number of investors demands a specific type of investment, the investors’ preferences 

will be reflected in the market price (Fama & French, 2007). Thus, if enough investors exist who take a 

corporation’s or investment’s responsibility into account when making investment decisions, 

responsible investments will attract additional investors. In turn, this will increase overall demand and 

thereby prices (Karpf & Mandel, 2018). These “responsible investors” are often assumed to be willing 

to pay a premium because they receive an additional non-pecuniary benefit when funding responsible 

investments (Barber et al., 2019). If green bonds trade at a premium, they will generate comparably 

lower yields than their non-green counterparts so that the issuer will benefit from a lower cost of debt 

and entities would be incentivized to issue green bonds (Tang & Zhang, 2018). This would be a potential 

explanation of why green bonds, or generally responsible investments, generate lower yields than 

conventional investments. 

Nevertheless, critique has been expressed about being able to reach a considerable increase in the 

green bond market and using green bonds to access cheaper capital simultaneously. They doubt that 

institutional investors for example are already willing to pay a premium so that green bonds would 

currently still have to exhibit a resembling performance like non-green bonds to attract enough 

investors and thereby increase the green bond market share. Yet, green bonds would also have to 

provide cheaper cost of capital in order to encourage further green bond issuance, but if demand is 

too low, this would be impossible as there would be no such thing as a green premium. Overall, it 
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shows a possible mismatch between scaling up the green bond market and green bonds delivering 

financial benefits to their issuers. Especially green projects are capital intensive which is why the cost 

of capital plays a pivotal role. If green bonds benefit from a slightly lower cost of capital, it could already 

be crucial to increase the overall green investment (Shishlov et al., 2016). 

 

3.2 Financial Performance of Responsible Investments 

A vast number of studies has analysed the effect of superior social and environmental performance on 

corporate bond prices and hence, whether investors truly pay a premium for such assets. Bauer and 

Hann (2010) evaluate the relationship between corporate environmental performance and the yield 

spread of corporations’ newly issued bonds. They find evidence that enhanced corporate 

environmental performance is associated with lower yields. Similarly, Oikonomou et al. (2014) 

conclude that better CSR performance is related to lower yields when examining the US corporate debt 

market. This is in line with findings by Ge and Liu (2015) also suggesting a positive relationship between 

improved CSR performance and lower yields. Though, Menz (2010) focuses on the European corporate 

bond market and does not find bond prices of more socially responsible firms to display a significant 

premium. In addition to this, much empirical research investigates the performance of socially 

responsible investment (SRI) funds and a large part of these studies appear to show that SRI funds do 

not deliver a significant premium over conventional investment funds (Renneboog et al., 2008). A 

further study has analysed equity financing regarding sin stocks, which are defined as stocks in the 

alcohol, tobacco and gambling industry. They expect the market mechanisms to work vice versa to the 

ones for responsible investments, meaning that sin stocks would deliver returns above average. The 

results show that sin stocks generate higher returns than regular stocks. It is argued that this is caused 

by the diminished demand, as sin stocks are rejected by a share of investors, such as large institutional 

investors that include social norms in their investment decisions. The greater return can be considered 

a compensation for investing in such a type of asset that exhibits negative externalities (Hong & 

Kacperczyk, 2009). 

 

3.3 Financial Performance of Green Bonds 

In the following, we will focus specifically on studies on green bond performance. Research has shown 

mixed results, which could be attributed to the fact that studies in this field vary substantially in their 

design and focus. For example, some have been conducted examining solely municipal bonds (e.g. 

Karpf & Mandel, 2018; Baker et al., 2018), whereas others have investigated only the pricing of 

corporate bonds (e.g. Tang & Zhang, 2018; Flammer, 2020), or have used a mixed sample consisting of 
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different issuer types (e.g. Bachelet et al., 2019). Especially the municipal security market is 

institutionally different from other security markets. Also, other factors such as time horizon or 

geographical focus might have an impact on the results (Larcker & Watts, 2019). 

First, we turn to papers finding mainly positive premiums for green bonds. Zerbib (2019) analyses 

green bond pricing in the secondary market by matching each green bond with a synthetical non-green 

bond from the same issuer which is identical or within specific thresholds for characteristics primarily 

explaining the bond yield. The sample consists of bonds from different types of issuers (supranational, 

sub-sovereign and agency, municipal, corporate, financial and covered bonds) and after running a two-

step regression to isolate the green bond feature, it is concluded that green bonds are on average 

priced 2 basis points higher than their non-green counterparts. 

A large part of subsequent studies built upon an earlier, first version of Zerbib’s (2019) work and also 

apply a bond matching method in order to estimate a potential green bond premium (e.g. Hachenberg 

& Schiereck, 2018; Kapraun & Scheins, 2019; Bachelet et al., 2019). Ehlers and Packer (2017) compare 

the credit spreads of green bonds with those of non-green bonds in the primary market applying a 

matching procedure and conclude that green investors accept to pay a premium, as the mean 

difference in spreads is 18 basis points. Preclaw and Bakshi (2015) support this suggestion, showing a 

yield differential in the secondary market of 20 basis points. Gianfrate and Peri (2019) use a propensity 

score matching approach in order to compare the return at issuance of European green and non-green 

bonds and find that investors pay a premium of 18.5 basis points on green bonds. This premium is 

higher for corporates than non-corporates and the premium is smaller in the secondary market. The 

results are consistent with those of Baker et al. (2018), who concentrate on US municipal bonds only, 

analysing yields at issue and find green bonds generating lower yields by approximately 6 basis points 

compared to conventional bonds. 

Unlike the previously presented studies, not all of them arrive at such definite conclusions. A study 

undertaken by Bachelet et al. (2019) uses a mixed sample consisting of corporate and bonds by official 

institutions, in which the corporate bond data includes both, certified and non-certified green bond 

data. Yields on corporate green bonds are found to be higher, but green bond yields on institutional 

issuers are below average. Furthermore, Hachenberg and Schiereck (2018) find green bonds to trade 

slightly tighter (1.18 basis points) compared to their non-green counterparts but the result does not 

show significance. Karpf and Mandel (2018) examine the yield differential of US municipal green and 

non-green bonds in the secondary market. Over the whole sample, green bonds are traded at a 

premium. Yet, when splitting the sample across years, green bonds are traded at higher yields during 

the first years (2010-2014) but over the last two years that were examined in the study (2015-2016) 

the green bonds’ yields decrease to a level lower than that of their conventional counterparts. They 



22 
 

explain this finding by greater demand due to a raised credit quality in later years and thus better 

reputation, leading to a premium of 36 basis points in 2016. Kapraun and Scheins (2019) show 

significantly lower yields for green bonds in the primary market, varying between 20 and 30 basis 

points across currencies, issuer types and over time. The yields are lower for bonds issued by 

governments or supranationals, bonds issued in USD or EUR or during the “hype years” 2016 to 2017 

after the Paris Climate Agreement was passed. The finding that the “green effect” is weaker for 

corporate bonds reflects the importance of credibility and reliance on the issuer and the preference 

for official entities when funding green projects. 

Supplementary research finds inconsistent results. Larcker and Watts (2019) analyse US municipal 

bonds and do not find evidence for a green premium. They interpret this as investors being negligible 

to the green bond indicator and do not show a greater willingness to pay for environmentally friendly 

projects. Further studies focus on corporate bonds but do not find significant evidence of a green 

premium and can therefore not conclude that green bonds are a mean for companies to obtain 

cheaper financing (Tang & Zhang, 2018; Flammer, 2020). 

Various studies have added more detailed analyses, splitting their data into several subsamples in 

order to investigate possible differences across subgroups of green bonds. Zerbib (2019) finds that 

there is a significant difference in the green premium across currencies but Hachenberg and Schiereck 

(2018) cannot confirm this result. Moreover, Zerbib (2019) finds a larger premium for green bonds 

issued in the financial sector, a result that is also supported by Hachenberg and Schiereck (2018) and 

apart from that they find a lower premium for government-related bonds. Besides, a larger premium 

is found for green bonds in the low-rated segment. However, they do not provide a conclusive 

interpretation (Ehlers & Packer, 2017; Zerbib, 2019). The study conducted by Kapraun and Scheins 

(2019) also analysed the differences in green bond pricing across rating classes but the findings do not 

allow for an unequivocal inference. While there is a significant estimate for A-rated bonds, estimates 

for bonds of the rating classes AA and BBB do not show any significance. The study detects weak 

support that differences in pricing are larger for bonds of lower rating classes, but it cannot draw a 

final conclusion on that. Kapraun and Scheins (2019) examine if the sheer existence of an ESG rating 

of the issuer has a direct effect on green bond pricing and finds a significant positive coefficient on the 

ESG rating. This could be explained by environmentally conscious investors not seeing themselves 

obliged to buy a green bond if the issuer can be deemed to be ESG conform and behave 

environmentally responsible already. Hence, they might be satisfied simply buying a conventional 

bond (Hachenberg & Schiereck, 2018). When measuring the relevance of the corporate ESG 

reputation, green bonds seem to trade at lower prices if the issuer comes from the top or the bottom 

30% of the ESG rating. The latter is interpreted as the fear of greenwashing for companies with a low 
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ESG rating. The lower prices for bonds issued by firms from the top 30% could be explained like above: 

Investors are not willing to pay higher prices for green bonds issued by firms already viewed as highly 

responsible. Overall, the study concludes that “The willingness of investors to pay for greenness of the 

bond, thus, does not linearly increase with the ESG rating of the issuer, but seems to be a rather 

parabolic function.” (Kapraun & Scheins, 2019, p. 24). 

All in all, studies show very mixed results on whether green bonds generate yields below or above 

average or do not demonstrate a significant difference. These ambiguous findings could be a result of 

various factors that all interact and simultaneously influence the findings. We deem the most 

important aspects driving the variation in results to be the bond type selection, the different 

methodological approaches and the varying sample periods across studies. While most studies employ 

a bond matching method similar to the one adopted by Zerbib (2019) to match green and conventional 

bonds in a first step, there are several investigations that use different approaches. Baker et al. (2018) 

for example, make use of green and conventional bond samples of different sizes where the green 

bond samples are smaller than the conventional bond sample (municipal bond sample: 2,083 green 

bonds vs. 643,299 non-green bonds; corporate bond sample: 19 green bonds vs. 8,315 non-green 

bonds). Subsequently, they analyse the bond yields by means of linear regressions. Gianfrate and Peri 

(2019) match bonds on the basis of a propensity score matching method. The study conducted by Karpf 

and Mandel (2018) is based on the Oaxaca-Blinder decomposition. They decompose the influences on 

bond yields from the bond issuer characteristics and the market environment from the green label. 

This decomposition allows them to separate the yield differential between green and non-green bonds 

into an explained and an unexplained part. The explained part is attributed to differences in bond 

characteristics between the bond samples and the unexplained part would show a possible impact of 

the green effect. Karpf and Mandel (2018) state that “… the ‘unexplained’ component measures how 

the average yield on green bonds would change if they were evaluated by the market the same way 

as conventional bonds are” (Karpf & Mandel, 2018, p. 3). Nevertheless, studies employing the bond 

matching method also differ as they match bonds according to different criteria that vary in their 

strictness. This creates further room for variation in results across studies. Moreover, there are 

differences in the analyses by evaluating for example the yield spread in the primary or in the 

secondary market, or by evaluating the i-spread5 instead. 

In addition to that, research has investigated diverse time periods. We regard it essential to take the 

time period into consideration when interpreting results due to the following reasons: First, the green 

bond market and its standards have been changing substantially in the course of time (c.f. Section 2.3) 

                                                           
5 The study conducted by Hachenberg & Schiereck (2018) examines the i-spreads. The i-spreads used in their study are the 
differences between the bond yield and the interpolated swap rate at the same maturity.  
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which might influence green bond performance. Second, studies splitting their data into different time 

period subsamples have already found differences across these periods. Tang and Zhang (2018) 

collected data from 2007 to 2017 for example, whereas Hachenberg and Schiereck (2018) assessed 

data from 2015 and 2016. Thus, results should be compared cautiously across studies. 

Another factor playing into the results might be the bond issuer type. While most samples consist 

predominantly of corporate bonds, a number of studies also focuses on municipal bonds or bonds of 

other issuer types. These differences are of importance particularly in regards to taxation. Because US 

municipal green bonds, for example, benefit from a different tax treatment than the conventional 

ones, this leads to a bias towards a green bond discount when interpreting the results (Karpf & Mandel, 

2018). Generally, the municipal securities market is said to be institutionally different from other 

securities markets so that findings should be treated with caution (Larcker & Watts, 2019). 

Besides that, research differs in the currencies analysed and in its geographical focus. Some studies 

only investigate specific currencies, like the one carried out by Ehlers and Packer (2017), restricting the 

sample to EUR and USD denominated bonds. Kapraun and Scheins (2019) find different green effects 

across countries but do not find a significant green effect for bonds issued in CNY. They ascribe this to 

the assumption that Chinese green bonds might be less attractive for investors than bonds following 

international green bond principles that are internationally recognized. 

The abovementioned aspects highlight that the selected bond sample and the analysis design might 

affect the findings to a large extent. It is difficult to compare results across studies evaluating different 

time periods, particularly in light of the early stage of the green bond market. 

 

3.4 Diversification among Different Asset Classes 

In the second part of our analysis we switch from the single-asset view to a portfolio view by 

considering the performance of green bonds compared to conventional bonds in a portfolio setting. 

Therefore, we build portfolios including an approximation of green bonds or an approximation of the 

matched conventional bonds. Each bond type is combined with further assets from different asset 

classes so that the portfolios ideally only differ inasmuch as the green and non-green characteristic of 

the bonds, the rest being identical. This allows for a comparison of the bonds’ correlation with other 

asset classes and hence the diversification benefits when included in a portfolio. In order to gain an 

overview of green bonds’ diversification benefits across different asset classes, various portfolio types 

are built. 

We combine the bonds with the S&P 500 Index, as it is commonly used as a benchmark for the total 

stock market as well as with the S&P-GSCI Commodity Index Future and with the Wilshire Global REIT 
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Index that constitute a benchmark for commodities and real estate (cf. Berk & DeMarzo, 2017). Due 

to diversification benefits, these asset classes are often included in investment portfolios and they are 

therefore combined with bonds regularly. Moreover, making use of solely stocks in the portfolio is 

often not stable in times of crises and it is therefore reasonable to spread investments across diverse 

asset classes (Liu, 2016). 

In order to reinforce diversification benefits of portfolios, we need to construct portfolios that 

constitute negative or low correlation among their assets (Bansal, Kumar, & Verma, 2014). As a first 

step, we add stocks to our bond sample. Prior literature has shown that correlations between bonds 

and stocks are generally rather low, leading to enhanced risk reduction when building portfolios out 

of both asset types (Levy & Lerman, 1988; Jorion, 1992). Levy and Lerman (1988) investigate the 

implications of diversification by combining bonds and stocks in an international setting and find that 

an efficient set of bonds and stocks in a portfolio can improve its risk-return performance compared 

to portfolios consisting only of bonds or stocks. Liu (2016) confirms that international diversification 

with corporate bonds leads to significantly reduced portfolio volatility and increased returns when 

analysing US investors. Commodity prices are found to exhibit negative or low correlation with bonds 

and stocks by a large amount of studies (Bodie & Rosansky, 1980; Jensen et al., 2002; Gorton & 

Rouwenhorst, 2006; Chong & Miffre, 2010; Gorton et al., 2005). Because factors driving commodity 

prices, such as weather, geopolitical conditions and event risk are distinct from those of bonds and 

stocks, adding commodities to a portfolio can serve to enhance return and reduce risk of the portfolio 

(Bansal et al., 2014). Gorton and Rouwenhorst (2006) find a negative correlation of commodity futures 

with stocks and bonds over most of the analysed time horizons and further studies also show that 

including commodity futures in a portfolio leads to diversification benefits and thereby superior 

portfolio performance (Bansal et al., 2014; Gorton & Rouwenhorst, 2006; Cheung & Miu, 2010). 

Commodities are often considered to be a natural hedge as their prices rise with inflation and thereby 

constitute a hedge against losses from equity and debt investments that are more prone to lose value 

in times of high inflation (Bansal et al. 2014). Belousova & Dorfleitner (2012) analyse the European 

market and find a negative correlation of commodities with stocks and bonds as well but find the 

diversification benefits to vary considerably across different commodities. 

Besides the S&P-GSCI Commodity Index Future, we make use of the Wilshire Global REIT Index. Real 

estate is found to offer reasonable portfolio diversification potential and improve portfolio 

performance beyond that of portfolios including solely conventional stocks. Conover et al., (2002) 

gather data on six countries and find that foreign real estate displays lower correlation with US stocks 

than other foreign stocks and hence provide an improved risk-return performance when added to a 

portfolio. The increased diversification benefits are also confirmed by other studies (Liu & Mei, 1998; 
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Brueggeman et al., 1984; Webb et al., 1988). Huang and Zhong (2013) examine portfolios that include 

commodities and Real Estate Investment Trusts (REITs) amongst others and find that these asset types 

cannot be regarded as substitutes. Their diversification benefits have changed considerably in the 

course of time and hence both asset types ought to be incorporated in a portfolio. Contrarily, Kuhle 

(1987) does not find a significant performance difference between mixed portfolios of common stocks 

and REITs compared to portfolios of common stocks only. However, we assume this to be an 

exceptional finding as most research supports the view that real estate generates additional 

diversification benefits. 
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4 Financial Theory 

The following sections provide a framework of the financial theory applied in this work. In particular, 

it presents the fundamentals of capital markets and describes the theory behind portfolio construction 

and diversification that is utilized to conduct the subsequent analysis. 

 

4.1 Financial Instruments 

There are different financial asset classes traded in the market. In general, it is distinguished between 

company stocks, bonds, derivative securities, commodities and alternative assets. The first four classes 

are predominantly traded at regulated markets enabling known prices and available assets at every 

point in time. In contrast, it is not common to trade alternative assets publicly which complicates their 

pricing and trading processes. Hence, they are typically regarded to be riskier which is why they also 

bear greater potential for higher returns. In addition to that, alternative assets are more likely to be 

undervalued. Undervaluation may arise because markets of alternative assets are not as transparent 

and liquid as those of conventional investments. Private debt, private equity, real estate or 

infrastructure facilities are examples of alternative investments. Commodities are also occasionally 

classified as alternative assets but are more frequently considered to be a separate, liquid asset class 

(Bodie et al., 2012). Owed to the declining interest rates of liquid assets and additional diversification 

benefits, investors have recently enhanced their interest in alternative assets. Portfolios of many 

investors no longer consist solely of assets that are traded on publicly regulated markets but also of 

assets such as real estate or private debt and equity (Berk & DeMarzo, 2017). 

The overall performance of a whole asset class or a specific segment is frequently measured using 

indices or exchange traded funds (ETF). Indices represent a theoretical portfolio of assets which jointly 

serve as a benchmark of a defined market.  The developments of the American stock and bond market 

are for example well approximated by the S&P 500 and the US Aggregate Bond Index. An index typically 

consists of either an equally weighted or capital weighted portfolio. As it is not possible to directly 

invest into one of the indices, there are so-called ETFs, which consist of a set of real assets that track 

an index. The price of an ETF fluctuates similarly to the one of single assets and they are traded on 

exchanges like common stocks or bonds. Hence, the owner of an equity ETF owns parts of several 

company shares (Berk & DeMarzo, 2017). 
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4.2 Bond Characteristics 

Since the core focus of the analysis is the comparison of green and conventional bonds, different bond 

types are described in greater detail in the following. 

It is common for public divisions such as governments and municipalities as well as private 

corporations to finance projects by issuing bonds. In doing so, the issuer receives cash and is in return 

obliged to interest and redemption payments. These payments can vary depending on the purchase 

agreement. Zero-coupon bonds do not include any periodic payments and the entire interests are 

cumulated until the end of the bond’s lifetime. Contrarily, the holders of fixed and floating coupon 

bonds receive steady interest payments that can be on a stable fixed-coupon or unstable floating-

coupon basis. In addition to this, the face value of some bonds is fully redeemed at the end of the 

contract while others also cover amortization payments (besides the coupons) during their lifetime. A 

bond’s rate of return can be determined either by its YTM or by analysing its price development over 

time (Berk & DeMarzo, 2017). 

The YTM illustrates the annualized total bond return provided that the issuer does not default and the 

asset is held until maturity. It can therefore be considered as the internal rate of return (IRR) of the 

investment (Berk & DeMarzo, 2017). Equation 4.1 depicts the computation of the YTM: 

𝑃𝑟𝑖𝑐𝑒 =∑
𝑃𝑎𝑦𝑚𝑒𝑛𝑡𝑖
1 + 𝑌𝑇𝑀

𝑁

𝑖=1

 

As shown in Equation 4.1, the YTM decreases for high prices and increases for high (coupon) payments. 

The risk of future payments is incorporated in the price, so if the bond issuer is considered reliable, the 

event of a payment default is unlikely and hence, the price is relatively high. Instead, if the bond issuer 

suffers financial distress, the price falls as the probability of missing coupon and redemption payments 

is high. In other words, a high YTM makes a bond more expensive for the issuer but simultaneously 

provides higher interests on the buyer’s investments. Consequently, the YTM can be considered a risk-

factored and forward-looking performance measure and is also commonly referred to as “redemption 

yield” or “book yield” (Berk & DeMarzo, 2017). 

Another method to measure the financial return of bonds, but also of risky assets in general, is to 

analyse their price development over time. As bonds are exposed to various types of risk such as 

default risk, exchange rate risk or inflation risk, their prices fluctuate. By means of these price 

movements, returns can be calculated in two different ways. Either by computing the discrete returns 

as shown in Equation 4.2, or by calculating the log-returns as shown in Equation 4.3 (Berk & DeMarzo, 

2017). 

(4.1) 
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𝑟𝑡 =
(𝑃𝑡 − 𝑃𝑡 − 1) + 𝐷

𝑃𝑡 − 1
 

𝑟𝑡 = ln(
𝑃𝑡 + 𝐷

𝑃𝑡 − 1
)  

𝑟 represents the asset return, 𝑃 is the asset price and 𝐷 depicts the dividends disbursed to the asset 

holder. Because future prices are subject to uncertainty, an approximation based on historical data is 

often applied in practice. In order to do so, practitioners compute the asset’s historical returns for an 

appropriate time period and then take the average of it. The difference between the two returns 

increases for longer observation horizons. A central advantage of log-returns is their additivity over 

time. This means that the sum of the returns of two following periods is approximately equal to the 

return when treating the two periods as one time period only. Unlike discrete returns, however, log-

returns are not additive over different assets. Therefore, the log-return of the total portfolio is not 

equivalent to the sum of log-returns of the portfolio’s single assets. The mathematical proof of the 

return’s additivity is presented in Appendix 1 (Benninga, 2014). 

As it is necessary to determine the returns of portfolios consisting of multiple assets in the analysis of 

this work, we compute discrete returns. Moreover, the total return indices must be employed for 

assets that have interest or dividend payments during their lifetime since these payments cause a price 

drop that must not negatively affect the owner’s return on the asset. 

 

4.3 Portfolio Theory 

In the following, we elaborate on Markowitz’ Modern portfolio theory that is applied in our analysis. 

First, we describe the essential assumptions underlying this theory and then demonstrate how a 

portfolio’s risk-return characteristics are evaluated. Lastly, we discuss practical downsides of the 

outlined theory. 

 

4.3.1 Fundamentals and Portfolio Calculations 

The fundamentals of the Modern Portfolio Theory can be traced back to Markowitz (1952), who 

developed a framework to find optimal mean-variance portfolios. According to his model, high returns 

are desirable and high variances (or standard deviations) of returns, which serve as a risk measure, are 

undesirable. This assumption has prevailed in most part of literature until today. 

(4.2) 

(4.3) 
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Figure 8 is an exemplary presentation of Markowitz’ framework from a rational investor perspective, 

that is the perspective of an investor who only takes risk and return characteristics of an asset into 

consideration. The green point serves as a reference point and illustrates an asset’s expected return 

and standard deviation. In terms of a single asset perspective, a rational investor then always prefers 

to invest in an asset that shows risk-return characteristics represented by area A compared to the 

reference point. Similarly, an asset with higher standard deviation and lower expected return, as 

represented by area D, is always rejected by a rational investor. Assets that are located in area B or C 

are not necessarily better or worse than the reference point. Whether these assets are favoured 

depends on the investor’s individual risk preferences. 

 

Figure 8: Investor Preferences, Own Illustration 

Due to diversification effects, investors commonly invest in portfolios of multiple assets and in that 

case, it is also necessary to take the correlation between assets into consideration. Diversification 

benefits can be demonstrated by a simple calculation example. We assume an investor holds two 

assets, each with an expected return of 2%, a standard deviation of 6% and we further assume the 

assets to be perfectly negatively correlated. When holding an equally weighted portfolio of these two 

assets, then the portfolio always yields a return of 2% because any risk is completely diversified away. 

Clearly, perfectly negatively correlated assets with high expected returns are difficult to find in reality6 

but many assets with low or even negative correlation exist in the market, allowing for sizeable 

diversification benefits (Choueifaty & Coignard, 2008). 

Generally, portfolio returns are computed by taking the weighted average of the single asset returns 

as shown in Equation 4.4. For the two-asset case, variances are calculated as shown in Equation 4.5. 

                                                           
6 There are exceptions such as forwards and futures, however, the negative correlation is priced in very efficiently. 
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𝑟𝑝 =∑𝑤𝑖 × 𝑟𝑖

𝑁

𝑖=1

 

  𝜎𝑝
2 = 𝑤1

2 × 𝜎1
2 + 𝑤2

2 × 𝜎2
2 + 2 × 𝑤1 × 𝑤2 × 𝜑12 × 𝜎1 × 𝜎2 

For a larger number of assets, however, calculating the variance is less straightforward, which is why 

it is often determined using linear algebra. The general variance formula shown in Equation 4.6 is thus 

converted into matrix form as illustrated in Equation 4.7. 

𝜎𝑝
2 =∑𝑤𝑖

2 × 𝜎𝑖
2

𝑁

𝑖=1

+ 2 ×∑∑𝑤𝑖 × 𝑤𝑗 ×

𝑁

𝑗=1

𝑁

𝑖=1

𝜑𝑖𝑗 × 𝜎𝑖 × 𝜎𝑗 

𝜎𝑝
2 = 𝒘T× 𝚺 ×𝒘 

Regarding Equation 4.7, 𝒘 represents the weight vector and 𝚺 the variance-covariance matrix. 

Depending on the individual assets and their weights in the portfolio, an investor can reach a large 

variety of different risk-return combinations but only a few of these are considered efficient. Figure 9 

displays possible expected performance characteristics of a portfolio consisting of two assets whose 

correlation is above -1 and below 1. By assigning different weights to these assets in the portfolio, an 

investor can reach different points on the frontier shown in Figure 9. Though, it is not optimal to 

structure the asset weights in a way that yields expected returns and standard deviations that are 

located on the blue part of the frontier. That part is inefficient because an investor could always reach 

higher returns, taking on the same amount of risk and thereby move up vertically to the green part of 

the frontier – the efficient part (Grant & Fabozzi, 2008). 

 

Figure 9: Mean-Variance Combinations, Own Illustration 

(4.4) 

(4.5) 

(4.6) 

(4.7) 
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The described portfolio calculations can be extended to numerous assets and also across diverse asset 

classes. In theory, it is thereby possible to diversify away the asset-specific risk, also called 

unsystematic risk, until the portfolio only carries market risk. The overall market risk, also called 

systematic risk, cannot be reduced further (Bodie et al., 2012). If an investor has the opportunity to 

invest in three or more assets, feasible mean-variance combinations are no longer represented by a 

curve but by a whole area instead. Moreover, if the assets in a portfolio are not perfectly correlated, 

the efficient frontier shifts upwards allowing for better risk-return combinations (Grant & Fabozzi, 

2008). However, setting up the efficient frontier is not as straightforward when investing in more than 

two assets. How to proceed in that case is described in the following section. 

 

4.3.2 Efficient Frontier and Capital Market Line 

As we compare the performance of green and non-green bonds in a portfolio consisting of several 

asset classes, it is necessary to derive the efficient frontier of a multi-asset portfolio. In the case of two 

different assets only, the procedure is relative straightforward and efficient risk-return pairs can be 

determined by varying the weights of the individual assets. The returns are calculated using Equation 

4.4 and the standard deviations are computed by means of Equation 4.6. Thereupon, the risk-return 

pairs can be plotted in a mean-variance chart to obtain the frontier. When generating efficient frontiers 

of three or more individual assets, however, an additional step becomes mandatory. First, it is 

necessary to identify two efficient portfolios consisting of the particular assets so that any linear 

combination of the two portfolios is also located on the efficient frontier. Therefore, we are able to 

determine the efficient frontier by means of the efficient portfolios. Frequently, the minimum variance 

portfolio (MinVar) and the maximum slope (Slope) portfolio are computed and used to set up the 

frontier (Grant & Fabozzi, 2008). 

To arrive at the required characteristics of the MinVar and Slope portfolio, we undertake the 

computations using matrix algebra so that some of the following equation notations no longer 

represent simple numbers but illustrate a whole matrix or vector instead. These are highlighted bold. 

The derivation of the two commonly applied efficient portfolios, i.e. the MinVar and Slope portfolios, 

are derived following a similar proceeding as presented by Cuthbertson and Nitzsche (2004). In 

contrast to Cuthbertson and Nitzsche (2004) we derive the Slope portfolio instead of the tangency 

portfolio. When determining the MinVar portfolio, we intend to minimize the portfolio variance under 

the condition that the asset weights sum up to one and hence, we face the following problem 

statement: 

Min 𝒘𝑻 × 𝚺 ×𝒘 

s.t. 𝟏𝑻 ×𝒘 = 1 
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This is solved for 𝒘 using the Lagrange technique. The full “Lagrangian” equation results in the 

following: 

𝐿 = 𝒘𝑻 × 𝚺 ×𝒘+ λ × (1 − 𝟏𝑻 ×𝒘) 

where λ is defined as the Lagrange multiplier. 

Subsequently, we set 
𝜕𝐿

𝜕𝒘
 equal to zero and considering that 

𝜕(𝒘𝑻×𝚺×𝒘)

𝜕𝒘
= 2 × 𝚺 ×𝒘 we arrive at:  

𝜕𝐿

𝜕𝒘
= 2 × 𝚺 ×𝑤𝑚𝑖𝑛 − λ × 𝟏 

→ 0 = 2 × 𝚺 × 𝑤𝑚𝑖𝑛 − λ × 𝟏 

↔𝑤𝑚𝑖𝑛 =
1

2
× λ × 𝚺−1 × 𝟏 

Substituting this into the previously defined constraint results in: 

𝟏𝑻 ×𝒘 = 1 

↔ 𝟏𝑻 × (
1

2
× λ × 𝚺−1 × 𝟏) = 1 

and solving for λ yields: 

λ =
2

𝟏𝑻 × 𝚺−1 × 𝟏
 

Inserting this into Equation 4.9, leads to: 

𝑤𝑚𝑖𝑛 =
1

2
×

2

𝟏𝑻 × 𝚺−1 × 𝟏
× 𝚺−1 × 𝟏 

↔𝑤𝑚𝑖𝑛 =
𝚺−1 × 𝟏

𝟏𝑻 × 𝚺−1 × 𝟏
 

Lastly, we arrive at Equation 4.11 which represents the vector of the asset weights. When applying 

these weights to the individual assets of the portfolio we obtain the MinVar portfolio, which is the 

portfolio carrying the lowest possible risk. 

A similar procedure can be conducted for the Slope portfolio, which aims to maximize the returns over 

the standard deviation, subject to the sum of all asset weights equalling one. The weight vector is 

derived by plugging the First-Order-Condition (FOC) of the maximand into the constraint. We do not 

apply the Lagrange technique in this case as it would complicate the equation transformations 

unnecessarily. 

(4.8) 

(4.9) 

(4.10) 

(4.11) 
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(4.12) 

Max 
𝒘𝑻×µ

√𝒘𝑻×Ʃ×𝒘
 

s.t. 𝟏𝑻 ×𝒘 = 1 

Computing the FOC of the maximand and again considering that  
𝜕(𝒘𝑻×𝚺×𝒘)

𝜕𝒘
= 2 × 𝚺 ×𝒘, we obtain 

the following: 


𝜕𝐿

𝜕𝒘
=

(µ × (𝒘𝑻 × 𝚺 ×𝒘)
𝟏
𝟐 −

1
2
× 𝒘𝑻 × µ × (𝒘𝑻 × 𝚺 ×𝒘)−

𝟏
𝟐 × (2 × 𝚺 ×𝒘)

𝒘𝑻 × 𝚺 ×𝒘
 

↔ 0 = (µ × (𝒘𝑻 × 𝚺 ×𝒘)
−
𝟏
𝟐 −

1

2
× 𝒘𝑻 × µ × (𝒘𝑻 × 𝚺 ×𝒘)

−
𝟑
𝟐 × (2 × 𝚺 ×𝒘) 

Multiplying Equation 4.12 by the scalar (𝒘𝑻 × 𝚺 ×𝒘)
𝟏

𝟐 yields 

µ =
𝒘𝑻 × µ

(𝒘𝑻 × 𝚺 ×𝒘)
× (𝚺 ×𝒘) 

The first term, 
𝒘𝑻×µ

(𝒘𝑻×𝚺×𝒘)
, of Equation 4.13 is the return over the variance, which is a constant for any 

set of w’s and in the following denoted as η (cf. Cuthbertson & Nitzsche, 2004). Hence, 

µ = 𝜂 × 𝚺 ×𝒘 

↔
1

𝜂
× µ = 𝚺 ×𝒘 × 𝜂 

↔ 𝒘 =
1

𝜂
× 𝚺−𝟏 × µ 

We insert Equation 4.14 into the constraint stating that all asset weights must sum up to one and 

obtain: 

𝟏𝑻 ×𝒘 = 1 

→
1

𝜂
× 𝟏𝑻 × 𝚺−𝟏 × µ = 1 

↔ 𝟏𝑻 × 𝚺−𝟏 × µ = 𝜂 

↔ 𝟏𝑻 × 𝚺−𝟏 × µ =
𝒘𝑻 × µ

(𝒘𝑻 × 𝚺 ×𝒘)
 

↔ 𝚺 ×𝒘𝑠𝑙𝑜𝑝𝑒 =
µ

(𝟏𝑻 × 𝚺−𝟏µ)
 

↔𝒘𝑠𝑙𝑜𝑝𝑒 =
𝚺−𝟏 × µ

(𝟏𝑻 × 𝚺−𝟏 × µ)
 

(4.13) 

(4.14) 

(4.15) 
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We arrive at Equation 4.15 which demonstrates the vector of the asset weights that lead us to the 

Slope portfolio. This portfolio yields the highest possible return per unit of standard deviation. 

By means of the previously computed weight vectors, it is feasible to determine the mean-variance 

combinations of the MinVar and Slope portfolio applying Equation 4.9 and 4.15. Finally, all linear 

combinations of these two efficient portfolios span the efficient frontier for a multi-asset case. 

Thus far, we have considered scenarios exclusively including risky assets in a portfolio. If an investor is 

also given the opportunity to invest in a risk-free asset, the efficient frontier alters in terms of shape 

and location. Consequently, some of the previously efficient portfolios are no longer considered 

efficient as higher expected returns become achievable for given standard deviations. All of the newly 

attained efficient portfolios lie on the so-called Capital Market Line (CML), which spans a straight line 

between the risk-free rate and the mean-variance portfolio that is tangent to the efficient frontier of 

the risky assets only. This portfolio is called tangency portfolio. It is the portfolio that shows the only 

mean-variance combination such that the line starting from the risk-free rate touches the Markowitz’ 

efficient frontier exactly at one point. This is illustrated in Figure 10 (Sharpe, 1964; Lintner, 1965). In 

practice, US T-Bill rates are commonly used as an approximation of the risk-free rate and the line’s 

slope is called Sharpe ratio as the concept was first coined by William F. Sharpe. The Sharpe ratio is 

frequently employed as a performance measure when evaluating different assets (Berk & DeMarzo, 

2017). 

  

Figure 10: Capital Market Line, Own Illustration 
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The tangency portfolio is derived similarly to the Slope portfolio. Unlike the Slope portfolio, it is not 

the slope (
µ
𝜎
) that is maximized but rather the expected excess return over the standard deviation, 

(
µ−𝑟𝑓
𝜎

). 

The CML describes all linear combinations of the risk-free asset and the tangency portfolio which can 

be illustrated by the following functional equation: 

𝐸(𝑟𝑝) = 𝑟𝑓 +
𝐸(𝑟𝑡𝑎𝑛) − 𝑟𝑓

𝜎𝑡𝑎𝑛
× 𝜎𝑝 

 rf represents the risk-free rate, 
E(rtan)−rf

σtan
  the tangency portfolio’s excess return over the standard 

deviation and σp the portfolio standard deviation (Sharpe, 1964). 

Because the tangency portfolio is the only efficient portfolio consisting solely of risky assets, theory 

assumes that every investor holds only this portfolio and the risk-free asset. Therefore, the tangency 

portfolio is also referred to as the equilibrium or market portfolio. Based on an assets’ inherent risk 

and its correlation with the market portfolio, the Capital Asset Pricing Model (CAPM) suggests a rate 

of return the investor should receive when holding the respective asset (Bodie et al., 2012). Because 

that model is not directly related to our investigation, we do not elaborate on it in greater detail.  

 

4.3.3 Difficulties of the Modern Portfolio Theory in Practice 

The Modern Portfolio Theory introduced by Markowitz (1952) and further developed by Sharpe (1964), 

Lintner (1965) and many other researchers7 is one of the most commonly taught financial theories 

nowadays. As formerly described, it not only provides a framework to build optimal portfolios given a 

specific risk appetite, but it was also the first model quantifying the concept of risk diversification. In 

doing so, the Modern Portfolio Theory explains the concept of systematic and unsystematic risk and 

argues that an individual asset’s risk is a relative measure which must be considered in a portfolio 

context (Estrada, 2006). Thereby, it also provided the basis for other influential models such as the 

CAPM. The Modern Portfolio Theory has thus fundamentally changed the general understanding of 

portfolio management and asset pricing.  

Yet, the theory also entails practical drawbacks. First, the model is based on expected returns and 

standard deviations. Although standard deviations can be estimated rather accurately, future returns 

are difficult, if not impossible, to predict at a fair confidence level (Choueifaty & Coignard, 2008). 

Consequently, employing expected returns may lead to biased estimations so that the asset allocation 

                                                           
7 For example Treynor (1961), Lintner (1965), Treynor (1965), Mossin (1966), Fama (1968), Jensen (1968), Jensen (1969), 
Jensen & Long (1972) 

(4.16) 
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recommendations would no longer be optimal. This is demonstrated by the work of Grossi and Laurini 

(2011) amongst others. They show that predicted efficient frontiers and asset weights are very 

sensitive to small changes in the estimated mean returns and the variance-covariance matrix. 

Moreover, large short positions of specific assets are often proposed by the Modern Portfolio Theory 

which are difficult and also expensive to implement in practice. Finally, the CAPM assumes that there 

is a risk-free asset which, however, does not exist in reality. Although there are assets that are 

considered to be nearly free from default risk, other risks such as inflation and interest rate risk persist 

and cannot be fully eliminated (Damodaran, 1999). 

Overall, the fundamental idea of the Modern Portfolio Theory presents a milestone of today’s portfolio 

management. Nevertheless, it comprises multiple practical deficits when applied in practice. It is of 

particular importance to utilize well-grounded and reliable return predictions; a condition that has to 

be borne in mind especially in regards to the interpretation of the second part of our analysis.  
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5 Hypotheses 

Based on a thorough literature review and further insights provided in Section 2 and 3, four key 

hypotheses are developed that guide us through the analysis in Section 8. The first three hypotheses 

are related to the currently expected performance of green bonds and include investigations of the 

performance of particular bond subgroups. The fourth hypothesis concerns green bonds’ correlation 

to other asset classes and potential diversification benefits. 

According to a large amount of research, green bonds are priced at a premium so that investors pay a 

comparably higher price when buying a green bond instead of a similar non-green bond (cf. Section 

3.3). This is plausible because of a twofold reason. First, investors might show a higher willingness to 

pay for environmentally friendly investments because they factor the asset’s positive externalities in 

the price. This supposition is underlined by multiple studies which show that investors price positive 

as well as negative externalities when acquiring an asset (Barber et al., 2019; Hong et al., 2019). 

Second, when taking an investment’s environmental impact into consideration, there is a restricted 

product range to choose from since only a small fraction of all investment possibilities are reliably 

environmentally friendly. Due to the limited amount of investment opportunities with a positive 

environmental impact, such investments, profit from greater demand. In turn, their prices increase so 

that investors pay a premium (Karpf & Mandel, 2018). Furthermore, society’s awareness of 

sustainability has risen recently so that individuals as well as institutions are giving more importance 

to the issuers’ actions in terms of environmental aspects (Cohen, 2014). This draws additional investors 

towards responsible investments (Mudaliar & Dithrich, 2019a). On the basis of these insights, we 

expect to find a positive green bond premium meaning that investors are willing to acquire a higher-

priced green bond instead of a lower-priced non-green bond that is similar in its characteristics except 

for the green label. This leads us to our first hypothesis: 

Hypothesis 1:  Green bonds trade at higher prices than non-green bonds and therefore green bonds 

  yield a lower YTM than non-green bonds. 

In view of the lack of green bond market standardization, we deem trust in the issuer to be central to 

investors when making an investment (Pronina & Freke, 2019). Because we believe that investors 

would like to ensure that green bond proceeds are used effectively for an impactful project and not 

for mere greenwashing, the issuer plays an important role in the investment decision. In addition to 

this, we believe that official entities, like governments and municipalities, are perceived less prone to 

participate in greenwashing than corporations. Therefore, green bonds issued by these entities should 

reflect higher popularity and thereby a higher premium than corporate green bonds. Evidence that 
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green bonds issued by official entities exhibit a higher premium has already been found in former 

research (cf. Section 3.3). Kapraun and Scheins (2019) infer that the difference in the green premium 

can be traced back to different levels of credibility in the issuer so that the premium is smaller for 

corporate green bonds due to greater greenwashing fear towards corporations than official entities. 

Consequently, we evaluate a corporate green bond premium and a government green bond premium 

separately and expect government green bonds to exhibit a larger premium due to greater trust in 

official institutions. This leads us to our second hypothesis: 

Hypothesis 2: The premium paid on corporate green bonds is lower than the premium paid on 

            government green bonds. 

Since we suppose greenwashing fear to be a critical factor determining green bond pricing, we also 

expect a difference in the green premium of companies showing extensively responsible behaviour 

and companies issuing green bonds but not showing holistic responsible behaviour throughout their 

operations. If a company demonstrates irresponsible behaviour throughout its actions - which is 

represented by a low ESG score - uncertainty among investors might arise, fearing the issuer misuses 

green bonds as a greenwashing instrument. Hence, we hypothesize that investors favour green bonds 

issued by companies more consistently demonstrating responsible behaviour - which is represented 

by a high ESG score. This preference will be reflected by higher demand and therefore a higher 

premium on green bonds issued by firms operating more responsibly. In this analysis, we use the 

corporate ESG score to proxy the level of a corporation’s responsible and sustainable behaviour. 

Previous research has already found the ESG score to have an impact on green bond prices. 

Hachenberg and Schiereck (2018) find the mere existence of an issuer’s ESG rating to lead to a higher 

green bond price further investigation suggests that the willingness to pay for green bonds does not 

increase linearly with the ESG score but could be better described by a parabolic function (Kapraun & 

Scheins, 2019). Yet, we believe overall responsibility of an issuer and thus greenwashing fear of 

investors to be crucial to green bond pricing and this leads us to our next hypothesis: 

Hypothesis 3: Green bonds issued by companies with a high ESG score show a higher green bond 

             premium than green bonds issued by companies with a low ESG score. 

After seeking answers to the previously presented hypotheses, we narrow our focus on further bond 

attributes that we believe could show a significant impact on the green premium. These are the issue 

currency and the bond rating. 
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While the green bond market has grown rapidly in recent years and keeps diversifying in terms of 

geography and currencies, it is still primarily dominated by a few currencies (cf. Section 2.3). We still 

believe that investors’ willingness to pay a premium on green bonds might vary across currencies as 

the awareness of sustainability differs from region to region. In theory, these varying premia would 

attract international issuers or investors bringing the green bond premium back to a uniform 

international equilibrium. However, market imperfections might impede those mechanisms and 

hence, the international market does not a arrive at a uniform premium. Examples of these 

imperfections are different exchange rate risks and different transaction costs arising, amongst others, 

from Bid-Ask exchange rate spreads. For example, a US American investor probably favours USD or 

EUR denominated green bonds over green bonds issued in more exotic currencies as it is less expensive 

to exchange currencies and as exchange rate risks are probably lower to those currency. In addition to 

that, we expect the currency’s reputation to take on a pivotal role as investors might perceive green 

bonds issued in certain currencies to be more credible. The Scandinavian countries, for example, are 

generally perceived to be advanced in regards to ecological business (Strand et al., 2015) which could 

lead to more trustworthy green bonds. 

Studies that have assessed a possible effect from the issue currency on the green premium do not 

provide conclusive findings. Zerbib (2019) provides evidence of significant differences across some of 

the currencies examined in the study but other currencies do not show any significant impact on the 

green bond performance. Hachenberg and Schiereck (2018) for example, do not find any significant 

currency effect at all. Consequently, we cannot draw a well-founded final hypothesis on which 

currencies influence the green premium in which way; especially as we do not know about supply-

demand relations in different currencies. Still, we consider it valuable to analyse potential differences.   

Furthermore, we believe the bond credit rating could influence the green bond premium. While high 

rated green bonds are likely to be issued by entities in a sound financial situation, the issuers seem 

more likely to have the capacity and resources to raise concerns about their environmental impact. In 

light of the supposition that trust in the issuer is rather important, investors might then favour high 

rated bonds as their issuers appear more effective in implementing environmentally friendly projects. 

This would lead to a higher green premium for high rated bonds. Contrarily, if bonds have only a 

moderate or low rating, the issuers seem to be in poor financial conditions. As a way out, they could 

also in fact shift to greener actions to gain access to cheaper financing and a better reputation. Thus, 

investors would not have to draw a difference among credit ratings. Previous research has found a 

larger premium for green bonds with a low bond credit rating (Zerbib, 2019; Ehlers & Packer, 2017). 

Still, we deem the argument for a higher green premium for high rated bonds to be rather strong and 

consequently, we do not arrive at a well-grounded hypothesis.  
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Lastly, we turn to a portfolio context and compare the performance of portfolios including, amongst 

others, green bonds and portfolios including matched non-green bonds instead. Because green bonds 

tend to fund more sustainable, long-term projects than conventional bonds, we expect their 

performance to be more stable, especially in times of crises (Flammer, 2018). Because of these 

inherent characteristics green bonds possibly display greater differences to other asset classes than 

conventional bonds. Thus, we expect green bonds to generate greater diversification benefits. Prior 

literature has demonstrated that the correlation across asset classes, such as stocks, commodities and 

real estate, is lower than within asset classes and therefore, adding various asset classes to a portfolio 

leads to greater diversification benefits (cf. Section 3.4). However, no established study has been 

conducted that differentiates between green and non-green bonds when examining these 

diversification effects. Certainly, green bonds do not constitute a separate asset class but might still 

differ notably to conventional bonds. This assumption leads us to our fourth hypothesis: 

Hypothesis 4: Green bonds lead to greater diversification benefits than non-green bonds with the 

            same characteristics used in an otherwise identical portfolio. 

In the next section, we describe the data used to conduct the analysis that seeks to answer the 

hypotheses set forth.   
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6 Data Description 

A combination of qualitative and quantitative data is utilized to develop and answer the previously 

described hypotheses. In order to provide background information and a better understanding of the 

design of the analysis, we present a wide range of qualitative data throughout this work. Nevertheless, 

also a large amount of quantitative data is required as this work contains a high proportion of 

econometric analyses. To increase the validity and reliability of the whole analysis, we describe the 

collected data based on the methodological triangulation as described by Rothbauer (2008) amongst 

others. The method emphasises the integration and combination of different data types aiming to 

reduce potential intrinsic biases of single sources. In the following sections, we describe the employed 

data in depth. 

 

6.1 Data Sources 

Different sources are used to gather qualitative and quantitative data. The qualitative data is 

predominantly secondary and is obtained from academic papers, institutional reports, newspaper 

articles and reputable textbooks. In particular, the presented background information related to 

impact investing and the green bond market is mostly gained from regularly disclosed reports by well-

established institutions. These include, inter alia, the GIIN and the CBI, two non-profit organisations 

founded to promote impact investing and the green bond market (The Global Impact Investing 

Network, 2020; Climate Bonds Initiative, 2020a). The literature review of Section 3 is primarily based 

on academic papers that have conducted research on the performance of financial instruments in the 

impact investing domain. Moreover, Markowitz’ Modern Portfolio Theory and related literature take 

a central role in explaining the financial theory behind our analysis. This information is mainly drawn 

from textbooks and academic papers. Because the origins of these well-established models often date 

back a number of years, it is referred to several sources published a longer time ago. 

Apart from the qualitative information, we also extract a substantial amount of quantitative data from 

Thomson Reuters (TR) that is primarily employed in the analysis of Section 8. Yet, we carry out the 

bond matching procedure in Bloomberg and record the green and non-green bonds’ International 

Securities Identification Numbers8 (ISINs) from that database for two reasons. First, there is no such 

accredited green label in TR and second, due to Bloomberg’s monthly data limit, it is not possible to 

directly export complete data sets to Microsoft Excel. Thus, we identify the matched bonds and 

retrieve the required information from TR by means of the bonds’ ISINs. Data on the corporation’s ESG 

                                                           
8 The ISIN is a 12-digit code with the objective to identify a security. Because every bond is denoted with a unique ISIN, a 
bond can be identified across different data sources (ISIN Network, 2020).  
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scores are also taken from Bloomberg because TR does not offer to link a company’s ESG score to one 

of its securities directly. 

Subsequently, we create two different data sets. First, we generate a cross-sectional data set that 

includes information on different bond characteristics at one point in time. Second, we create a panel 

data set that encompasses data on bond prices over time and additionally, it includes price 

developments of different asset class indices. These are extracted from Finance.Yahoo.com as other 

databases, such as Bloomberg and TR, became inaccessible due to COVID-19 restrictions. This does not 

pose a problem since all data sources deliver identical values on those indices. An overview of the 

quantitative data extraction process is provided in Figure 11. 

 

Figure 11: Data Extraction Process, Own Illustration 

 

6.2 Quantitative Data  

The quantitative data employed in this study consists of two different data sets. The first data set is 

required for the initial part of the analysis, in which we run multiple cross-sectional regressions to 

uncover a potential green bond premium. The second data set is applied in the following part of the 

analysis, in which we build various portfolios and apply the Modern Portfolio Theory. 
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6.2.1. Cross-Sectional Data 

By means of the first data set we run cross-sectional regressions and analyse whether investors pay a 

significant premium when acquiring green bonds instead of similar non-green bonds. This premium is 

defined as the difference in the YTM between two nearly identical bonds, one being labelled as green 

and the other one being non-green. We regress bond characteristics that determine a bond’s YTM on 

the YTM, additionally controlling for the green bond indicator. Thereby, we can assess the green 

indicator’s effect on the YTM. Since each green bond is matched with a non-green bond according to 

the most important characteristics, this diminishes the biases of results. A detailed description of the 

bond matching method is provided in Section 7.1. 

In order to generate the data set required for the first part of our analysis, we initially search for green 

bonds in Bloomberg and only include fixed coupon bonds and zero-coupon bonds. We further exclude 

any bond with a callable, puttable, perpetual or convertible maturity type to maintain the 

comparability of performance across bonds. In addition to these conditions, municipal bonds cannot 

be taken into consideration as there is no data available in TR on that bond type so that our data set 

solely covers corporate and government bonds. Based on these selection criteria, we find 1,098 active 

corporate green bonds and 211 active government green bonds. 

Subsequently, we match each of these green bonds with a non-green bond according to specific 

criteria. If they cannot be fulfilled, the green bond is not matched with a conventional bond and has to 

be excluded from the data set. Furthermore, we exclude outliers. Outliers are defined as bond matches 

whose difference in YTM is larger than 50 basis points. We do so as we match bonds so that any YTM 

differential can be attributed to the green feature. However, we do not deem it to be reasonable to 

trace such a large difference in YTM back exclusively to the green feature. Because the difference is 

most likely due to external factors that we cannot control for and including these matches would lead 

to biased results, we eliminate those matches from the data set. In a next step, we also exclude any 

bond that has an amount issued smaller than USD 2,500 as it is an extremely small amount compared 

to the average amount issued of the bonds in the data set. Therefore, the corresponding bonds might 

not show representative YTMs since they are most likely not traded as tight as other bonds. 

As a result of the abovementioned procedure and owed to the fact that there is no full information 

available in TR for all the in Bloomberg matched bonds, we ultimately arrive at 496 matched bond 

pairs. The cross-sectional data set to run the regressions therefore comprises 992 observations in total. 

385 of the bond matches were issued by corporations, whereas the other 111 bond matches were 

issued by governments. 
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The data utilized in our analysis was retrieved on 4th March 2020 and contains information on the 

bonds’ mid YTM, green indicator, bond issuer, match number, maturity, coupon, amount issued, 

currency, Moody’s rating and the ESG score of the corporation that issued the bond. The mid YTM 

(simply referred to as YTM in the following) is denoted in percentage terms and represents the 

dependent variable in all of our regressions. The mid YTM is chosen first of all, because we do not focus 

particularly on the buyer or seller perspective but elucidate both viewpoints and second, it simplifies 

the procedure of the analysis. The green indicator is the independent variable of interest. It is a binary 

variable indicating whether a bond is labelled green or not. The further characteristics are included 

either as control variables or to create binary variables that enable us to analyse the green effect in 

greater detail. The match number, the currency and the Moody’s rating are categorical in nature and 

the maturity, the amount issued and the ESG score are numerical. Each bond match is assigned to an 

individual number that we refer to as match number. The maturity is expressed in years and the 

amount issued in USD. The ESG score represents a company’s social, environmental, and governance 

performance and ranges between values from 0 to 100, with 100 representing the best performance. 

It is only available for corporate bonds. The Moody’s credit rating is ranked on a scale from Aaa to D 

and encompasses 22 individual ratings (Bloomberg L.P. , 2015b). 

Information on the bond characteristics is used to create different binary variables. By means of the 

binary variables we can set up multiple subsamples so that we are able to carry out analyses 

responding to Hypotheses 2 and 3 in particular. These binary variables include, inter alia, the green 

bond indicator which equals 1 if the bond is green and 0 if the bond is non-green. The binary variable 

CORPORATE is included to show whether the bond was issued by a corporation (:=1) or by a 

government (:=0) and similarly, the binary variable GOVERNMENT shows whether it is a government 

(:=1) or a corporate (:=0) bond. In fact, only one of these binary variables is necessary to run the 

regressions since they split the bond sample according to the same characteristic into two subsamples. 

The reason why we create both variables is that we can provide a clear presentation of the descriptive 

statistics in Section 8.1.1 when using both of the variables. Three binary variables are created indicating 

whether the corporation’s ESG score is relatively high (ESG_HIGH), low (ESG_LOW) or if there is no 

data available in Bloomberg regarding the ESG score of the corporation (ESG_NA). An ESG score is 

perceived to be high if it is greater than the median ESG score of our sample, that is 39.47 and low if it 

is smaller or equal to the median. Because eight bond pairs are issued by the company that is rated 

with the median ESG score, we assign these bonds to the group of low ESG scores. This is why the 

number of bonds in the group with low ESG scores is slightly higher. Furthermore, five binary variables 

are created for the most common currencies in which the bonds of our sample were issued. These are 

EUR, USD, CNY, SEK and JPY. Because the number of bonds issued in other currencies is fairly small and 

would therefore not provide reliable results when assessing each currency separately, we pool the 
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remaining currencies in one binary variable called OTHER_CUR9. This variable is equal to 1 if the bond 

was issued in any currency other than EUR, USD, CNY, SEK or JPY and is equal to 0 otherwise. Since the 

green bond market is dominated by only a few currencies, the variable represents numerous 

currencies that are not widely established and account for only a minor fraction in the market. Lastly, 

the data set includes four binary variables referring to the bond ratings. If a bond’s Moddy’s rating is 

AAA, the binary variable RATING_VERYHIGH is equivalent to 1, otherwise it is 0. If its Moody’s rating 

ranges between AA+ and AA-, the binary variable RATING_HIGH is equivalent to 1, otherwise it is 0. If 

a bond disposes over a moderate or low Moody’s rating in between A+ and D, the binary variable 

RATING_MODERATE is equivalent to 1 and otherwise it is 0. Bonds that do not dispose over a Moody’s 

rating in TR at all are pooled in a separate binary variable called RATING_NA. The proportion of unrated 

bonds is relatively high in the cross-sectional data set as we take into consideration only the Moody’s 

rating provided by TR. It is necessary to stress that not the Moody’s rating but the Bloomberg 

Composite Rating (BBC Rating) is used for the bond matching in Bloomberg. This rating combines the 

ratings of the four major credit rating agencies10 and thus provides more comprehensive data. 

Therefore, the lack of bond rating information does not restrict the quality of the bond matches as 

they could still be matched according to the rating criterion but only the construction of the 

subsamples regarding bond ratings. Table 1 provides an overview and descriptions of the variables of 

the cross-sectional data set presented in this section. 

  

                                                           
9 Currencies pooled in the variable OTHER_CUR:  
Australian dollar, Canadian dollar, Chinese yuan, Pound Sterling, Hong Kong dollar, Indian rupee, South Korean won, 
Mexican peso, Nigerian naira, Norwegian krone, New Zealand dollar, Polish Zloty, New Taiwan dollar, South African rand  
10 These credit rating agencies are DBRS Morningstar, Fitch Ratings, Moody’s and Standard & Poor’s 
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Table 1: Variables of the Cross-Sectional Data Set, Own Illustration 

Variable Data Type Measurement Description 

Issuer name Categorical Nominal Issuer name 

Match number Categorical Nominal The two bonds constituting a match are identified by the same 
match number. As the data set contains 496 different bond 
matches, there are match numbers from 1 to 496. 

YTM Numerical Continuous (Ratio) Mid yield-to-maturity in % 

Green Indicator Categorical Nominal Binary variable that equals 1 if a bond is labelled as green and 
that equals 0 if it is a non-green bond. 

Maturity Numerical Continuous (Ratio) Time to maturity in years 

Coupon Numerical Continuous (Ratio) Coupon payments in % 

Amount Issued Numerical Continuous (Ratio) Amount issued in USD 

Corporate Categorical Nominal Binary variable that equals 1 if the bond issuer is a corporation 
and that equals 0 if the bond issuer is a government. 

Government Categorical Nominal Binary variable that equals 1 if the bond issuer is a government 
and that equals 0 if the bond issuer is a corporation. 

ESG Score Numerical Continuous (Interval) Only applies to corporate bonds 

ESG_HIGH Categorical Nominal Binary variable that equals 1 if a bond’s issuer has an ESG score 
higher than 39.47 (39.47 is the median ESG score of the data set 
and 100 is the maximum ESG score) and 0 otherwise. 
 
This variable is only available for corporate bonds as the ESG 
score is solely available for corporations in Bloomberg. 

ESG_LOW Categorical Nominal Binary variable that equals 1 if a bond’s issuer has an ESG score 
equal to 39.47 or lower (39.47 is the median ESG score of the 
data set and 0 is the minimum ESG score) and 0 otherwise. 
 
This variable is only available for corporate bonds as the ESG 
score is solely available for corporations in Bloomberg. 

ESG_NA Categorical Nominal Binary variable that equals 1 if there is no ESG score available 
for the bond’s issuer in Bloomberg otherwise it is 0 and the 
bond belongs to the ESG High or ESG Low category. Therefore, 
also this variable only applies to corporate bonds. 
 
This variable is only available for corporate bonds as the ESG 
score is solely available for corporations in Bloomberg. 

Currency Categorical Nominal  

EUR Categorical Nominal Binary variable that equals 1 if bond was issued in EUR and 0 
otherwise. 

SEK Categorical Nominal Binary variable that equals 1 if bond was issued in SEK and 0 
otherwise. 

USD Categorical Nominal Binary variable that equals 1 if bond was issued in USD and 0 
otherwise. 

JPY Categorical Nominal Binary variable that equals 1 if bond was issued in JPY and 0 
otherwise. 

CNY Categorical Nominal Binary variable that equals 1 if bond was issued in CNY and 0 
otherwise. 

OTHER_CUR Categorical Nominal Binary variable that equals 1 if bond was issued in any currency 
other than EUR, USD, CNY, SEK or JPY and 0 otherwise. 

Moody’s Rating Categorical Ordinal  

Rating_VERYHIGH Categorical Nominal Binary variable that equals 1 if bond is rated very high (AAA) 
according to the Moody’s rating and 0 otherwise.  

Rating_HIGH Categorical Nominal Binary variable that equals 1 if bond is rated high (AA+ to AA-) 
according to the Moody’s rating and 0 otherwise. 

Rating_MODERATE Categorical Nominal Binary variable that equals 1 if bond is rated moderate or low 
(A+ to D) according to Moody’s rating and 0 otherwise. 

Rating_NA Categorical Nominal Binary variable that equals 1 if there is no Moody’s bond rating 
available in TR and 0 otherwise.  
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6.2.2. Panel Data 

The panel data set is employed in the second part of our analysis and is also based on the bond pairs 

obtained through the bond matching procedure. It encompasses the monthly total return index and 

the amount issued in USD of each bond over ten years starting from 5th March 2010. As opposed to 

the cross-sectional data set, the panel data set covers solely corporate bonds as there is no time series 

data on the total return index of government bonds available in TR. The total return index can be 

interpreted as the bond price without accounting for any coupon or redemption payments. Because 

we also compute the relative bond returns as described in Section 8.2.1, the term “total return index” 

might lead to misconceptions. It is important to note that this index presents the adjusted bond prices 

rather than the returns. Besides the total return index, we also include the amount issued of each bond 

in the panel data set. It is ensured that this amount is equivalent to the current amount outstanding, 

so that we can assume the bond sizes have not changed over time. This is central when determining 

the capital weighted returns of the bond samples at a later point. 

Eventually, we obtain time series information on 428 bond pairs, that is 856 observations. The 

difference in the number of bond matches compared to the cross-sectional data set arises on the one 

hand from the exclusion of government bonds and on the other hand from the fact that we apply 

different matching quality restrictions as we do for the cross-sectional data set. Consequently, some 

of the bond matches that are excluded from the cross-sectional data set are still included in the panel 

data set. The matching quality requirements are described in greater detail in Section 7.1. Similarly to 

the cross-sectional data set, the panel data set is split into green bonds and non-green bonds. Because 

not all bonds had been issued by 5th March 2010, there are some gaps in the data set. 

Apart from the bond data, we also extract the monthly adjusted closing prices of the S&P 500 Index, 

the S&P-GSCI Commodity Index Future and Wilshire Global REIT Index for the corresponding time 

period. The S&P 500 Index should serve as a benchmark for the stock market, the S&P-GSCI Commodity 

Index Future as a benchmark for the commodity market and the Wilshire Global REIT Index as a 

benchmark for the real estate market11. 

In the following sections, we describe how the cross-sectional data set and the panel data set are 

applied to respond to our hypotheses. 

  

                                                           
11 The Wilshire Global REIT Index is used instead of the S&P Global REIT Index as the latter was inaccessible. Still, both 
indices can be used as a real estate market proxy. 
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7 Methodology 

The analysis of this work is split into two segments. The first segment - that seeks to answer Hypotheses 

1, 2 and 3 - compares the financial performance of single bonds at one point in time, while the second 

segment - that seeks to answer Hypothesis 4 - assesses the performance of green and non-green bonds 

over time in a portfolio consisting out of different asset classes. The following sections explain the 

procedure of the subsequent analysis, the specific econometric models that we apply and how we 

adopt financial theories to test the hypotheses put forward. First, we describe the bond matching 

procedure that is central for the entire analysis. Second, we elaborate on the framework of the cross-

sectional ordinary least squares (OLS) regressions that are run in the first part of our analysis and third, 

we explain how we apply the Modern Portfolio Theory to the panel data in the second part of the 

analysis. 

 

7.1 Bond Matching Method 

The most accurate methodological approach to test our hypotheses would be to conduct a 

counterfactual analysis. This would entail having information on each bonds’ pricing and YTM in both 

states - when being green and non-green. In a next step, we could compare the difference in outcomes 

and deduce the exact impact of the green feature on a bond’s YTM (Gertler et al., 2011). Clearly, not 

all the required information is available to conduct such a perfect counterfactual analysis since a bond 

can only be either green or non-green. We could conduct a different method, which would be to 

compare a treatment group to a control group. This would be a green bond sample and a conventional 

bond sample, respectively. However, this control group would have to be identical to the green bond 

sample except for the green characteristic. Given that green bonds and conventional bonds differ in 

further attributes apart from the green feature, randomly assigning non-green bonds to the control 

group would not lead to a proficient randomization across the treatment and control group - or green 

and non-green bonds, respectively. For example, companies in specific sectors, like the power sector, 

are more likely to issue green bonds as they are more involved in environmental concerns than 

companies in other sectors which are more likely to issue conventional bonds. Thus, simply comparing 

the average YTM of green and non-green bonds would lead to a study that is not sufficiently 

randomized and therefore lead to biased result (Gianfrate & Peri, 2019). 

To overcome this bias, we use an alternative, adequate method in order to estimate how a green bond 

would have performed if it was non-green and vice versa. It is necessary to build a non-green bond 

group that is ideally identical to the green bond group in the characteristics determining the dependent 

variable, specifically the YTM, so that differences in the YTM can be attributed to the green label. We 
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therefore use a bond matching method to analyse the difference in YTM (Bachelet et al., 2019). After 

applying the matching procedure, there is still a chance of biases as we cannot control for all impacts 

perfectly. We still deem our matches to be suitable and since we also control for the not perfectly 

matched attributes in the regressions, we consider our approach to be adequate. By applying this 

method, we are able to significantly reduce the bias, eliminate many unobservable factors and control 

for the most crucial factors explaining bond yield differences. This matching method is also called direct 

approach or model-free approach. Specifically, when conducting the matching procedure, a security is 

matched with another security that displays the same characteristics except for the one that is meant 

to be evaluated (Zerbib, 2019). The approach has been employed by various studies evaluating 

different securities. For example, some studies match corporate bonds (eg. Helwege & Turner, 1999; 

Dick-Nielsen et al., 2012) and others match funds (e.g. Renneboog et al., 2008; Kreander et al., 2005). 

As described in Section 3.3, prior studies have used bond matching to assess the effect of the green 

label by employing a matching method comparable to the one we adopt (e.g. Kapraun & Scheins, 2019; 

Hachenberg & Schiereck, 2018; Ehlers & Packer, 2017).  

By means of the Bloomberg database, we match every green bond with a conventional bond that is 

closest in its key factors determining a bond’s YTM. Specifically, the bonds are required to (i) be from 

the same issuer, (ii) be issued in the same currency and (iii) have the same rating according to the BBC 

Rating. We use the BBC Rating and not the individual Moody’s rating for the matching as it provides 

the most complete data by combining the ratings of the four major credit rating agencies, which are 

DBRS Morningstar, Fitch Ratings, Moody’s and Standard & Poor’s. In the rare case that there is no 

rating available (NA) for one or both of the bonds of a match, we treat them as if both bonds have the 

same rating. We consider this to be appropriate for three reasons. First, both bonds are required to 

have the same issuer and currency, which entails a lot of comparability already. The second major 

reason is that we exclude outliers if the matches’ difference in YTM is larger than 0.5% (cf. Section 

6.2.1). We thereby concurrently control for ratings that might diverge immoderately. Lastly, as the 

bonds are likely to be of the same rating quality, we do not want to exclude them and obtain fewer 

observations only because there is no BBC Rating available. The rating scale of the BBC Rating and how 

the ratings of the other four rating agencies are assigned to the BBC Rating is illustrated in Table 2.  
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Table 2: Index Methodology of the BBC, Moody's, S&P, Fitch and DBRS Rating (Bloomberg L.P., 2015a) 

Row BBC Rating Moody’s S&P Fitch DBRS 

1 AAA Aaa AAA AAA AA 

2 AA+ Aa1 AA+ AA+ AA high 

3 AA Aa2 AA AA AA 

4 AA- Aa3 AA- AA- AA low 

5 A+ A1 A+ A+ A high 

6 A A2 A A A 

7 A- A3 A- A- A low 

8 BBB+ Baa1 BBB+ BBB+ BBB high 

9 BBB Baa2 BBB BBB BBB 

10 BBB- Baa3 BBB- BBB- BBB low 

11 BB+ Ba1 BB+ BB+ BB high 

12 BB Ba2 BB BB BB 

13 BB- Ba3 BB- BB- BB low 

14 B+ B1 B+ B+ B high 

15 B B2 B B B 

16 B- B3 B- B- B low 

17 CCC+ Caa1 CCC+ CCC+ CCC high 

18 CCC Caa2 CCC CCC CCC 

19 CCC- Caa3 CCC- CCC- CCC low 

20 CC Ca CC CC CC 

21 C C C C C 

22 D D    

Furthermore, the bonds have to be within a specific threshold of the following criteria. These attributes 

are crucial to a bond’s YTM but as an exact match is usually not available, we use thresholds. The bonds 

are required to have a (iv) difference in maturity of a maximum of +/- 24 months and given this criterion 

we select the bond with the (v) closest coupon rate. If bonds with the same coupon rate exist, we 

select the one with the (vi) closest amount issued. An overview of the matching criteria is provided in 

Table 3. If there is no conventional bond with the mandatory characteristics available, such as the same 

issuer, the same currency and within the mandatory time frame, the green bond is excluded from the 

data set. 

Table 3: Bond Matching Criteria, Own Illustration 

Bond Characteristic Matching Criterion 

(i)    Issuer Same 

(ii)   Currency Same 

(iii)  Rating Same 

(iv)  Maturity +/- 24 months 

(v)   Coupon Rate Closest, given maturity threshold is fulfilled 

(vi)  Amount Issued Closest, given maturity threshold is fulfilled and coupon rate is identical 
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In a last step of the matching process, we evaluate the match quality. If a bond match has a coupon 

difference higher than 0.5% in absolute terms and has a difference in maturity larger than 12 months, 

it is classified as a match of inferior quality as the bonds differ noticeably in more than one criterion. 

Because we regard the coupon and the maturity to be main drivers of the YTM, they are of particular 

importance when analysing YTM differentials. As a consequence, these matches of slightly inferior 

match quality are excluded from the cross-sectional data set. They are not excluded from the panel 

data set as the sample is already limited to corporate bonds and should not shrink further. We 

undertake this matching procedure for two issuer types, corporations and governments, and arrive at 

a sample comprising corporate and government green and non-green bonds as described previously. 

An illustration of the bond sample is presented in Figure 12. 

 

Figure 12: Overview of the Bond Sample Composition, Own Illustration 

 

7.2 Cross-Sectional Study Design 

To test Hypotheses 1, 2 and 3, we run OLS regressions using the previously created, cross-sectional 

data sample. OLS estimation is commonly used in practice and very established in financial analysis. 

Given the data set we generated and the hypotheses we seek to test, OLS is a suitable approach as we 

need to evaluate the relationship between different variables. The OLS method is frequently used to 

estimate a linear regression model with a single regressor (bivariate model) or multiple regressors 

(multivariate model). This means that it estimates the relationship between the dependent variable 𝑌 

and one or several independent variables 𝑋. In our case, the dependent variable is the YTM and the 

independent variable of primary interest is the green indicator since we predominantly aim to measure 

the green effect on the YTM. 

We ensure reliability of all following regression results by analysing the overall significance of the 

regression models applying F-tests and the significance of individual coefficients by means of t-tests. 

Furthermore, we assess the models based on the adjusted 𝑅2 values, which explain how much of the 

variability of the dependent variable is explained by the independent variables. Thereby, this measure 

provides information on the scope of the omitted variable bias. Finally, we test for homoskedasticity 
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by running the Breusch Pagan Test12. This is crucial in order to obtain correct standard errors and 

significance levels. In case we fail to reject the null hypothesis of homoskedasticity, we can use 

heteroscedasticity consistent standard errors. In contrast to the standard errors, the coefficient 

estimators remain also in the case of heteroskedasticity unbiased and thus are left unchanged (Stock 

& Watson, 2015). Considering the different regression models, the explanatory variables do not seem 

to be highly correlated and hence, we do not expect multicollinearity within our regressions. 

We run five multivariate fixed-effect regressions and throughout these regressions, we make use of 

the previously created binary variables in order to analyse various scenarios that enable us to 

specifically address the different hypotheses. In all of the regressions, we utilize the cross-sectional 

data set and regress on the YTM. This way, we can assess the difference in the YTM between green 

and non-green bonds. The YTM serves as a return measure also integrating future expectations. 

In order to capture the differences across our matched bond pairs, we include one fixed effect for each 

bond pair in all of the regressions. Therefore, it is not necessary to include a separate constant as any 

influence that does not vary within a bond match is already captured by the pair fixed effects. Although 

including these effects is not in line with the random effects assumption, there is no difference in the 

way of testing for statistical inferences between random and fixed effects models (Stock & Watson, 

2015). As we could not match bonds perfectly in terms of coupon, maturity and amount issued but 

only according to a threshold, differences remain within the bond pairs regarding these factors. Thus, 

differences in these characteristics vary not only across bond matches but also within bond matches 

and these differences are not captured by the pair fixed effects. Therefore, we additionally include 

explanatory variables controlling for the coupon, maturity and amount issued in all of the following 

regressions. It is necessary to note that the estimated coefficients on these variables are not 

interpreted as usual. Because a large part of the factors’ influence (coupon, maturity, amount issued) 

on the YTM is already captured by the pair fixed effects, the coefficients do not necessarily represent 

the true impact of the respective factor on the YTM and only serve as control variables. 

 

 

 

                                                           
12 The Breusch Pagan Test is a test particularly conducted to check the assumption of a linear regression model that the 
variance of the error term does not depend on the independent variables (homoskedasticity) (Breusch & Pagan, 1979). 
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7.2.1 Regression (1): Overall Sample 

In the following sections we apply different regression models. All of them are based on the base 

regression function and depending on their objective, may include different supplementary 

independent variables. Throughout this work, we refer to regression (1) – design as shown below – as 

base regression function. We run regression (1) in order to test Hypothesis 1, employing the entire 

bond sample. 

Base regression function: 

𝑌𝑇𝑀𝑖 = 𝛿0 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 +𝛽0 ∗ (𝐶𝑂𝑈𝑃𝑂𝑁)𝑖 +𝛽1 ∗ (𝑀𝐴𝑇𝑈𝑅𝐼𝑇𝑌)𝑖 

+𝛽2 ∗ 𝑙𝑜𝑔(𝐴𝑀𝑂𝑈𝑁𝑇𝐼𝑆𝑆𝑈𝐸𝐷)𝑖 +∑𝛽𝑗 ∗ (𝑃𝐴𝐼𝑅𝐹𝐼𝑋𝐸𝐷𝐸𝐹𝐹𝐸𝐶𝑇𝑆)𝑗

499

𝑗=3

+𝑢𝑖 

𝑌𝑇𝑀𝑖 is the yield to maturity on the ith bond, including 992 bonds in total. (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 denotes the 

dummy variable that is 1 if the bond is green and 0 if it is a conventional bond. The coefficient 𝛿0 

therefore measures the green label effect as we control for other features of the bonds nearly 

perfectly. (𝐶𝑂𝑈𝑃𝑂𝑁)𝑖  is the coupon of the ith bond, (𝑀𝐴𝑇𝑈𝑅𝐼𝑇𝑌)𝑖  is the time until maturity of the ith 

bond in years and log(𝐴𝑀𝑂𝑈𝑁𝑇𝐼𝑆𝑆𝑈𝐸𝐷)𝑖 is the log-transformed amount issued of the ith bond in 

USD. (𝑃𝐴𝐼𝑅𝐹𝐼𝑋𝐸𝐷𝐸𝐹𝐹𝐸𝐶𝑇𝑆)𝑗 denotes the pair fixed effects of the jth bond match. Because we have 

496 bond matches that are identified through the match number, we include 496 different fixed 

effects, each representing one bond match. The additional control variables are thus included only 

because these characteristics might also vary slightly within a bond match. Besides, the amount issued 

allows us to control for the liquidity of a bond, which might also affect a bond’s YTM and should 

therefore be included as a control. 

We log-transform the amount issued as it would usually facilitate the interpretation of its coefficient 

𝛽2. The original amount issued is denoted as a nominal value in USD but the dependent variable, 𝑌, is 

given in percentage points. After log-transforming the amount issued we could interpret the 

coefficient 𝛽2 in the following manner: The regression coefficient 𝛽2 is approximately the change in 

YTM for a 100% change in the amount issued. However, performing the matching procedure and 

including pair fixed effects distorts the true influence of this variable on the YTM and hence, the 

estimated coefficient is not interpretable. Nonetheless, we include the variable as a control to reduce 

the omitted variable bias. The same applies for the further coefficients,𝛽0 and 𝛽1, on the coupon and 

the maturity, which would usually be interpreted the common way: If 𝑋 changes by 1 unit, then the 

YTM will change by the regression coefficient of 𝑋.If the regression coefficient of 𝑋 is for example 0.5, 

then the YTM changes by 0.5% because the YTM is denoted in percentage points.  

(7.1) 
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By means of the coefficient 𝛿0 we can infer whether the green bond feature influences the YTM 

significantly and if so, by how much. The influence of the green indicator on the YTM is not distorted 

by the matching procedure as every match consists of one green and one non-green bond. 

 

7.2.2 Regression (2): Issuer Type 

In order to test Hypothesis 2, we run the following linear regression, using the whole bond sample: 

𝑌𝑇𝑀𝑖 = 𝛿0 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 +𝛽0 ∗ (𝐶𝑂𝑈𝑃𝑂𝑁)𝑖 +𝛽1 ∗ (𝑀𝐴𝑇𝑈𝑅𝐼𝑇𝑌)𝑖 

+𝛽2 ∗ 𝑙𝑜𝑔(𝐴𝑀𝑂𝑈𝑁𝑇𝐼𝑆𝑆𝑈𝐸𝐷)𝑖 +∑𝛽𝑗 ∗ (𝑃𝐴𝐼𝑅𝐹𝐼𝑋𝐸𝐷𝐸𝐹𝐹𝐸𝐶𝑇𝑆)𝑗

499

𝑗=3

 

            +𝛿1 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖  ∗  (𝐺𝑂𝑉𝐸𝑅𝑁𝑀𝐸𝑁𝑇)𝑖 +𝑢𝑖    

The regression design is similar to the one of the base regression function. In regression (2), however, 

we additionally include the interaction effect (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 ∗ (𝐺𝑂𝑉𝐸𝑅𝑁𝑀𝐸𝑁𝑇)𝑖. The binary 

variable (𝐺𝑂𝑉𝐸𝑅𝑁𝑀𝐸𝑁𝑇)𝑖equals 1 if the bond was issued by a government and 0 otherwise. 

Therefore, the interaction effect can be interpreted as the difference in YTM between green bonds 

issued by corporations and green bonds issued by governments so that the sum of the coefficients on 

the individual green indicator, 𝛿0, and on the interaction effect, 𝛿1,represents the green effect of 

government bonds. The coefficient on the individual green indicator no longer represents the green 

effect for the whole bond sample but only for corporate bonds. This regression design enables us to 

examine if there is a significant difference in the green effect of a government green bond compared 

to a corporate green bond. This can be illustrated by a simple example. If the coefficient 𝛿1 on the 

interaction effect is significantly negative, the YTM is lower for government green bonds than for 

corporate green bonds. Therefore, investors would pay a higher price when acquiring government 

green bonds than when acquiring comparable corporate green bonds and we could confirm Hypothesis 

2. It is sufficient to include one interaction effect since we have only two issuer types in our sample 

and could have also chosen the binary variable CORPORATE instead of GOVERNMENT to be included 

in the interaction effect. We do not deem it necessary to include the binary variable 

(𝐺𝑂𝑉𝐸𝑅𝑁𝑀𝐸𝑁𝑇)𝑖individually, as the issuer type does not vary within a bond pair and the difference 

in issuer type across bond pairs is already captured by the pair fixed effects. Furthermore, it would not 

influence the green effect, which is the focal point of this investigation. The same applies to regressions 

(3) to (5). We do not add any individual binary variables that are included in the interaction effects as 

they never vary within the bond pairs and their differences across bond matches are already controlled 

for by the pair fixed effects.  

(7.2) 
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7.2.3 Regression (3): ESG Score 

To respond to Hypothesis 3 and to evaluate if the YTM of a green bond is affected by a corporation’s 

ESG score, we conduct a linear regression of the following type: 

𝑌𝑇𝑀𝑖 = 𝛿0 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 +𝛽0 ∗ (𝐶𝑂𝑈𝑃𝑂𝑁)𝑖 +𝛽1 ∗ (𝑀𝐴𝑇𝑈𝑅𝐼𝑇𝑌)𝑖 

+𝛽2 ∗ 𝑙𝑜𝑔(𝐴𝑀𝑂𝑈𝑁𝑇𝐼𝑆𝑆𝑈𝐸𝐷)𝑖 +∑𝛽𝑗 ∗ (𝑃𝐴𝐼𝑅𝐹𝐼𝑋𝐸𝐷𝐸𝐹𝐹𝐸𝐶𝑇𝑆)𝑗

388

𝑗=3

 

            +𝛿1 ∗(𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 ∗ (𝐸𝑆𝐺_𝐻𝐼𝐺𝐻)𝑖 

+𝛿2 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 ∗ (𝐸𝑆𝐺_𝐿𝑂𝑊)𝑖 +𝑢𝑖 

Since only corporate bonds dispose over an ESG score, regression (3) is only run for corporate green 

and non-green bonds. The design of this regression is of similar type as the base regression function 

but also takes a company’s ESG score into consideration. The green effect of the bonds whose issuer 

does not dispose over an ESG score in Bloomberg is used as reference group (ESG_NA). Because the 

reference group’s value for the two binary variables ESG_HIGH and also ESG_LOW is equal to 0, its 

green effect is represented merely by the coefficient 𝛿0 of the single green indicator variable 

(𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖. In addition to that, the interaction effect (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 ∗(𝐸𝑆𝐺_𝐻𝐼𝐺𝐻)𝑖 is included 

which enables us to estimate the additional green effect on the YTM of a bond issued by a holistic 

responsible company. The interaction effect (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 ∗ (𝐸𝑆𝐺_𝐿𝑂𝑊)𝑖 is also added in order to 

estimate the additional green effect of a bond issued by a corporation that does not perform 

responsible throughout all of its operations. As a result, we can evaluate whether there is a significant 

green effect differential between green bonds issued by a firm with comprehensive responsible 

behaviour and green bonds issued by a company that shows only poor responsibility. Presuming, for 

example, that the coefficient 𝛿1 is estimated to be significantly negative, a green bond belonging to 

the high ESG score group would have an additional negative effect on the bond’s YTM. Summing up 

the coefficient estimates  𝛿0 and 𝛿1 provides us the total green effect of a green bond issued by a 

corporation with a high ESG score on the YTM. The interpretations are of similar type for the 

interaction effect including the binary variable (𝐸𝑆𝐺_𝐿𝑂𝑊)𝑖. 

Again, the variables ESG_HIGH and ESG_LOW are not included individually in the regression as their 

influence on the YTM is already captured by the fixed effects.  

 

 

(7.3) 
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7.2.4 Regression (4): Currency 

In order to analyse the green bond performance in further detail and to uncover potential differences 

in green premia across various currencies, we run regression (4) of the following design: 

𝑌𝑇𝑀𝑖 = 𝛿0 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 +𝛽0 ∗ (𝐶𝑂𝑈𝑃𝑂𝑁)𝑖 +𝛽1 ∗ (𝑀𝐴𝑇𝑈𝑅𝐼𝑇𝑌)𝑖 

+𝛽2 ∗ 𝑙𝑜𝑔(𝐴𝑀𝑂𝑈𝑁𝑇𝐼𝑆𝑆𝑈𝐸𝐷)𝑖 +∑𝛽𝑗 ∗ (𝑃𝐴𝐼𝑅𝐹𝐼𝑋𝐸𝐷𝐸𝐹𝐹𝐸𝐶𝑇𝑆)𝑗

499

𝑗=3

 

+𝛿1 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 ∗ (𝑆𝐸𝐾)𝑖 +𝛿2 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 ∗ (𝑈𝑆𝐷)𝑖 

+𝛿3 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 ∗ (𝐶𝑁𝑌)𝑖 + 𝛿4 ∗  (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 ∗ (𝐽𝑃𝑌)𝑖 

+𝛿5 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 ∗ (𝑂𝑇𝐻𝐸𝑅_𝐶𝑈𝑅)𝑖 +𝑢𝑖 

We choose to analyse in more detail the five currencies in which the largest number of bonds has been 

issued according to our sample. These are EUR, USD, CNY, SEK and JPY and they also dominate the real 

green bond market. Furthermore, we evaluate the effect of a green bond being issued in a currency 

that is not yet well-established and assess whether this has an additional impact on the green bond’s 

YTM. As described previously, these 14 minor currencies are captured by the binary variable 

(𝑂𝑇𝐻𝐸𝑅_𝐶𝑈𝑅)𝑖 which is equivalent to 1 if the bond is denominated in any currency apart from the 

five dominating currencies. 

To this end, we add five different interaction effects to the base regression function. These interaction 

effects are between the green indicator and one of the binary variables of the established currencies 

and between the green indicator and the binary variable (𝑂𝑇𝐻𝐸𝑅_𝐶𝑈𝑅)𝑖. It should be noted that 

every bond in the sample is assigned to exactly one of the binary currency variables. We take bonds 

denominated in EUR as reference group and thus, do not include an additional interaction effect 

between their binary variable and the green indicator. EUR denominated bonds constitute the 

reference group for two reasons. First, they are one of the most relevant currencies in the green bond 

market and second, the largest number of bonds in our sample was issued in EUR. The influence of a 

green bond being issued in EUR on the YTM is therefore represented solely by the coefficient 𝛿0 on 

the individual green indicator. By means of the interaction effects we are able to evaluate if the 

particular currency a green bond was issued in has an additional significant influence on the bond’s 

YTM. In order to obtain the overall green effect of, for example, green bonds denominated in SEK, we 

need to add up the coefficients 𝛿0 and 𝛿1. The coefficient 𝛿1 thereby presents the additional impact 

on the YTM provided that a green bond is issued in SEK. If the coefficient is insignificant, we cannot 

conclude that the green effect of SEK denominated green bonds differs from the one of EUR 

denominated green bonds. 

(7.4) 
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7.2.5 Regression (5): Bond Credit Rating 

As described previously, we create different binary variables referring to the bond credit rating. In 

regression (5), we analyse the impact of the green indicator on the YTM across different bond ratings 

by running the following regression: 

𝑌𝑇𝑀𝑖 = 𝛿0 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 +𝛽0 ∗ (𝐶𝑂𝑈𝑃𝑂𝑁)𝑖 +𝛽1 ∗ (𝑀𝐴𝑇𝑈𝑅𝐼𝑇𝑌)𝑖 

+𝛽2 ∗  𝑙𝑜𝑔(𝐴𝑀𝑂𝑈𝑁𝑇𝐼𝑆𝑆𝑈𝐸𝐷)𝑖 +∑𝛽𝑗 ∗ (𝑃𝐴𝐼𝑅𝐹𝐼𝑋𝐸𝐷𝐸𝐹𝐹𝐸𝐶𝑇𝑆)𝑗

499

𝑗=3

 

+𝛿1 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 ∗(𝑅𝐴𝑇𝐼𝑁𝐺_𝑉𝐸𝑅𝑌𝐻𝐼𝐺𝐻)𝑖 

+𝛿2 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 ∗ (𝑅𝐴𝑇𝐼𝑁𝐺_𝐻𝐼𝐺𝐻)𝑖 

+𝛿3 ∗ (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖 ∗ (𝑅𝐴𝑇𝐼𝑁𝐺_𝑀𝑂𝐷𝐸𝑅𝐴𝑇𝐸)𝑖 +𝑢𝑖 

As shown above, we add three interaction effects to the base regression function. Each interaction 

effect is between the green indicator and one of the binary rating variables, that is 

(𝑅𝐴𝑇𝐼𝑁𝐺_𝑉𝐸𝑅𝑌𝐻𝐼𝐺𝐻)𝑖, (𝑅𝐴𝑇𝐼𝑁𝐺_𝐻𝐼𝐺𝐻)𝑖and (𝑅𝐴𝑇𝐼𝑁𝐺_𝑀𝑂𝐷𝐸𝑅𝐴𝑇𝐸)𝑖. It is necessary to note 

that some bonds do not dispose over a Moody’s bond rating in TR (RATING_NA). These bonds are taken 

as a reference group since the largest number of bonds of our sample is grouped to that variable in 

terms of bond ratings. The green effect of these bonds is estimated solely by the coefficient 𝛿0 on the 

individual green indicator (𝐺𝑅𝐸𝐸𝑁𝐼𝑁𝐷)𝑖. In order to obtain the overall green effect of, for example, 

very high rated green bonds, we need to add up the coefficients 𝛿0 and 𝛿1, where 𝛿1 represents the 

additional green effect given the fact that the bond disposes over a very high credit rating. The 

coefficients 𝛿1, 𝛿2 and 𝛿3 allow us to draw an inference on whether the bond credit rating significantly 

changes the green effect on the YTM. 

 

7.3 Application of Modern Portfolio Theory  

In the second part of the analysis, we test Hypothesis 4 by applying the Modern Portfolio Theory. For 

that part of the analysis the panel data set as presented in Section 6.2.2 is utilized. In the following, it 

is described how we compute equally weighted and capital weighted average returns for the green 

and non-green bond sample. These returns serve as proxies for the financial performance of green and 

non-green bonds over the last years. Subsequently, we compare the mean-variance characteristics of 

these proxies and analyse how they behave when combined with different asset classes. Lastly, it is 

explained how we build efficient frontiers by means of the previously generated portfolios. It is 

important to note that this part of the analysis integrates only corporate bonds and analyses the risk-

return performance only from the investor perspective.  

(7.5) 
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7.3.1 Computation of Equally and Capital Weighted Averages 

In order to obtain a suitable approximation of the financial performance of the green as well as the 

non-green bond sample, we compute monthly average returns for both bond samples at each 

observation date. It is necessary to underline that these average returns are no longer based on the 

YTM data but on discrete returns obtained from the price developments of the bonds. To calculate 

these average returns, we use two different approaches. Specifically, we compute an equally weighted 

average and a capital weighted average of the bond returns. For both approaches we create one time 

series of returns, one for the green bond sample and one for the non-green bond sample so that we 

eventually arrive at four different time series. As these four newly created return time series serve as 

approximations for the green and non-green bond performance, they are simply referred to as “proxy” 

in the following.  We calculate two types of averages in order to evaluate different scenarios for each 

sample and hence, gain a more robust notion of the green and non-green bonds’ performance over 

time. Creating equally weighted averages is primarily based on two major motives. First, the equally 

weighted portfolio strategy, also referred to as naive diversification strategy, is commonly applied in 

practice. As many investors frequently engage in a simple 1/n heuristic, this simple method constitutes 

an adequate benchmark and therefore we deem it suitable to apply an equally weighted average 

(Benartzi & Thaler, 2001). Second, previous literature has shown that when adopting more advanced 

methods, errors occurring when estimating means and covariances to generate optimal portfolios 

erode the benefits of these more sophisticated approaches. This is why more advanced methods have 

not been proven to considerably outperform the naive diversification strategy (DeMiguel et al., 2009). 

On these grounds, we employ the equally weighted method to compute averages but to apply a more 

precise method as well, we also compute capital weighted averages. 

When taking the average of the monthly returns of each bond, a few difficulties arise that must be 

considered in particular. The fundamental prerequisite is that a bonds’ return is only taken into 

account if both bonds of the match - green and conventional - were already issued at that point in 

time. If only one of the pair’s bond was issued at that point in time, both bonds are ignored for the 

specific observation date and are only included in the calculation from the point in time onwards where 

both bonds of the match were issued. This way, we avoid comparing the financial performance of 

entirely different bond samples which would offset the assumption that differences can be attributed 

to the green label.  

Computing the equally weighted average gives equal weight to each bond in the sample so that each 

bond contributes 𝑤𝑖 =
1

𝑛
  to the final, equally weighted average of returns. 𝑛 represents the total 

number of bonds that is included in the average at that observation date. We do this for both bond 

samples, the green bond sample and the conventional bond sample, separately. The equally weighted 
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average assigns much larger weights to relatively smaller bonds than they actually constitute to the 

sample in terms of their amount issued. When calculating the capital weighted average of returns, 

bonds are weighted according to their amount issued. This method can be described by the following 

equation, 𝑤𝑖 =
(𝑎𝑚𝑜𝑢𝑛𝑡𝑖𝑠𝑠𝑢𝑒𝑑)𝑖

∑ (𝑎𝑚𝑜𝑢𝑛𝑡𝑖𝑠𝑠𝑢𝑒𝑑)𝑖
𝑛
𝑖=1

 . The condition that both bonds of a match, green as well as non-

green, must have been issued at that point in time to be taken into the average still holds.  

Overall, the equally weighted and capital weighted averages present proxies for the performance of 

the green and non-green bond sample over the considered time period. The generated time series are 

then evaluated regarding their mean-variance characteristics. In the subsequent section, these proxies 

are used to generate multiple portfolio types. 

 

7.3.2 Generation of Different Portfolio Types 

We build various portfolios including the previously computed averages. Each portfolio is made up of 

exactly the same asset classes but differs in the following aspect: In one portfolio, we combine the 

selected asset class indices with the green bond proxy whereas its counterpart portfolio includes the 

non-green bond proxy instead. Because the portfolios consist of the same asset classes and the bond 

proxies differ essentially only in the green bond feature, we can attribute differences in diversification 

benefits, or more generally in performance, to that feature. This means that we can ascribe a potential 

performance difference to the fact that one portfolio incorporates bonds disposing over a green label 

while the counterpart portfolio includes bonds without such a label. 

The generated portfolios encompass a bond proxy (green or conventional) combined either with the 

S&P 500 Index only or with the S&P 500 Index and two further asset class indices, namely the S&P-

GSCI Commodity Index Future and the Wilshire Global REIT Index. We use the S&P 500 Index, the S&P-

GSCI Commodity Index Future and the Wilshire Global REIT Index to approximate the performance of 

the total stock market, the commodity market and the real estate market, respectively. To represent 

the indices’ performance over the according time period, we use their monthly adjusted closing prices 

and also compute their monthly returns at each observation date based on the historical price 

movements. We therefore treat the indices as if one could directly invest in them, however, this does 

not constitute a major assumption as many index replicating ETFs exist in practice. There are several 

reasons why to include the selected asset classes. First, the asset classes are commonly used in practice 

so we generate realistic portfolios. Second, in this manner we can assess the bonds’ behaviour in 

relation to several other asset classes and thereby analyse green bond performance in different 

scenarios. Third, we build portfolios including bonds and multiple other asset classes that have shown 

to generate considerable diversification benefits when combined together in one portfolio and 
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thereby, we attain well-diversified portfolios (cf. Section 3.4). Combining the different bond proxies, 

green and non-green, separately with the stock index and then separately with all three indices, leads 

us to four different portfolio types. Table 4 presents an overview of these different portfolio types we 

set up. 

Table 4: Overview of the Portfolio Types, Own Illustration 

# Portfolio Portfolio Type 

1 Green bond proxy  
S&P 500 Index 

2 Conventional bond proxy 
S&P 500 Index 

3 Green bond proxy 
S&P 500 Index 
S&P-GSCI Commodity Index Future 
Wilshire Global REIT Index 

4 Conventional bond proxy 
S&P 500 Index 
S&P-GSCI Commodity Index Future 
Wilshire Global REIT Index 

 

Every portfolio type is set up twice, once using the equally weighted averages and once using the 

capital weighted averages. Because we set up four portfolio types twice, we eventually arrive at eight 

different portfolios in total, which we utilize to generate eight efficient frontiers. A general overview 

of the portfolio generation process is provided in Figure 13.  

 

Figure 13: Overview of the Portfolio Generation, Own Illustration 

 



62 
 

7.3.3 Construction of Efficient Frontiers 

Based on the formerly computed green and non-green bond proxies of equally and capital weighted 

returns, we calculate four different annualized mean returns and standard deviations. Furthermore, 

we calculate the annualized mean returns and standard deviations for the S&P 500 Index, the S&P-

GSCI Commodity Index Future and the Wilshire Global REIT Index. Subsequently, we set up the 

correlation matrix and the sample variance-covariance matrix of all these asset classes and the green 

and non-green bond proxies. Although green bonds do not constitute an individual asset class in 

reality, we treat green and non-green bonds as two different asset classes throughout this part of our 

analysis. After obtaining the annualized mean returns of the four bond proxies and the three asset 

class indices as well as their variance-covariance matrix, we are able to set up an efficient frontier for 

each of the eight portfolio combinations. This can be carried out by means of the computational steps 

described in Section 4.3.2. In the two-asset case, in which the portfolios consist solely out of the bond 

proxy and the stock index, we weight the individual asset classes differently and thereby obtain various 

portfolios as illustrated in Table 5. weff1 indicates the weight of the bond proxy and weff2 the weight of 

the stock index. As shown, short-positions are restricted to be at most 50%. Finally, we can compute 

the portfolios’ returns and standard deviations, which yield the points in a mean variance chart to draw 

the efficient frontier. 

Table 5: Calculation of Portfolio returns and standard deviations, Own Illustration 

 

In the four-asset class case, where the portfolio consists out of bonds and three supplementary asset 

class indices, we again proceed as described in Section 4.3.2. However, as opposed to the two-asset 

case, we first compute the mean-variance characteristics of the MinVar and the Slope portfolio using 

Equation 4.9 and 4.15 as they are certainly located on the efficient frontier. These two portfolios are 

then weighted according to the weights weff1 and weff2 in Table 5. Finally, we can plot the points 

resulting from the different weightings of the mean returns and standard deviations in a risk-return 

spectrum. We compare the attained frontiers in terms of shape and position in the chart and also mark 

the MinVar and Slope portfolios. This enables us to assess which portfolio type has shown superior 

performance in retrospective as its frontier might be located more towards the upper left corner.  
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8 Analysis 

The following analysis is undertaken in order to answer the hypotheses introduced in Section 5 and 

consists of two core segments. While the first segment analyses the effect of the green indicator on a 

bond’s YTM from a single asset perspective, the second segment intends to evaluate the bonds’ 

performance from a portfolio perspective. In the latter case, we utilize the bonds’ historical price 

movements instead of the YTM to quantify the return to investors. The cross-sectional data set is used 

in the first part and the panel data set is used in the second part of the analysis. To provide a sound 

notion of the data sets employed, descriptive statistics precede the presentation and interpretation of 

each segment’s analysis results. 

  

8.1 Single Asset Perspective 

This section provides answers to the first hypotheses. Initially, it responds to Hypothesis 1 by evaluating 

whether there exists a green bond premium in the overall bond market. Provided that there is one, 

the section further analyses Hypothesis 2, which claims that this premium is of different magnitude for 

corporate bonds compared government bonds. Finally, it analyses Hypothesis 3, asserting that the 

corporate ESG score has an influence on the size of the green premium. Moreover, we examine green 

premia conditional on two further bond attributes, that is a bond’s issue currency and credit rating. 

In doing so, we run regressions of varying designs as described in Section 7.2. We iterate the base 

regression function with different modifications to gain an in-depth understanding of the green 

indicator and how it affects a bond’s YTM. The regression output is generated in RStudio and is 

described and interpreted in the following sections. 

 

8.1.1 Descriptive Statistics 

Before conducting the regression analysis and testing the proposed hypotheses, we provide a 

descriptive overview of the cross-sectional data set introduced in Section 6.2.1. This is done to ensure 

that our regressions are based on a solid understanding of the data.  
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Table 6: Descriptive Statistics (1) – Cross Sectional Data, Own Illustration 

 

Table 6 presents summary statistics on the variables included in every regression, i.e. the YTM, the 

coupon, the maturity and the amount issued in USD. Referring to the entire sample, the YTM ranges 

from -0.78% to 12.49% and shows a median value of 0.55%. It is plausible that the lowest YTMs are 

negative considering the current monetary policies in regions like the eurozone, Sweden and Japan. In 

June 2014 the European Central Bank already introduced negative interest rates, followed by the 

Swedish National Bank that adopted negative interest rates in January 2015 and also in Japan an 

extreme monetary policy was adopted introducing negative interest rates in January 2016 (Milne & 

Arnold, 2020; Kihara & Koranyi, 2019). As negative central bank rates also affect bond market yields, 

it is reasonable that bonds exhibiting a negative YTM are included in our sample; especially since a 

large number of bonds of our data set is issued in EUR, SEK or JPY. Overall, the bond sample contains 

173 bonds with a negative YTM which accounts for 17.44% of the bond sample. Conversely, the bond 

exhibiting the highest YTM amounts to 12.49% and is very likely perceived to be highly risky. Regarding 

the YTM distribution of our sample, as shown Figure 14, it can be observed that this bond is an outlier 

as the majority of bonds exhibits a YTM between -1% and 2%. Since there are only zero-coupon bonds 
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and fixed coupon bonds included in our data set, it is valid that the coupon payments vary from 0% to 

13.48%. The median coupon is 1.21%. The median maturity of the bond sample is approximately 3.56 

years and the bond with the latest maturity expires in nearly 30 years. Irrespective of the issue currency 

of a bond, the amount issued is always denoted in USD. It varies notably from USD 2,730 to more than 

USD 437 million and its median is USD 1 million. Apart from that, Table 6 also provides separate 

statistics on the corporate and government bonds of our sample. While the amounts issued and the 

bonds’ coupon payments are fairly identical, the maturity is on average higher for government bonds. 

The median YTM is considerably higher for corporate bonds. This can be explained by the fact that 

corporate bonds are generally considered to be riskier than government bonds and it seems therefore 

plausible that they exhibit larger YTMs (Jyske Bank, 2018). 

 

Figure 14: YTM Distribution of the Total Bond Sample, Own Illustration 
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Table 7: Descriptive Statistics (2) – Cross Sectional Data, Own Illustration 

 

Analogical to Table 6, we also split the sample into green and conventional bonds and present their 

descriptive statistics in Table 7. At this point it is necessary to emphasise that the bond characteristics, 

particularly the coupon and the maturity, are similar with only minor differences. This can be attributed 

to the thorough bond matching procedure. On the one hand, it shows that the matching method has 

led us to a green and a conventional bond sample that dispose over very similar characteristics as 

intended by the matching method. On the other hand, this implies that the YTM of both bond samples 

is expected to be approximately equivalent in case there is no or only a small green premium because 

attributes mainly affecting the bond’s YTM are similar across the two samples. 

Referring to the similarity of the green and non-green bond sample, both samples provide on average 

nearly the same YTM of approximately 0.99% and 1%, the mean maturity is slightly higher for the green 

bond sample by 0.12 years, whereas the mean coupon is lower for the green bond sample by 10 basis 

points and also the mean amount issued is lower for the green bond sample.  
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Table 8: Descriptive Statistics (3) – Cross Sectional Data, Own Illustration 

 

In the following, we describe the binary variables of the cross-sectional data set. These are summarised 

in Table 8. Column N indicates the total number of observations, that is the total number of bonds in 

our sample and column n represents the number of occurrences of the corresponding variable. The 

“Mean” of a binary variable denotes the variable’s proportion in the sample. For example, the mean 

value of the binary variable CORPORATE is 0.78, reflecting that 78% of the sample consists of corporate 

bonds, whereas 22% of the sample are government bonds. The table shows that one fourth of the 

bonds were issued in EUR. It should be noted that the Danish krone is pegged to the EUR and therefore 

included in the row accounting for bonds issued in EUR (Danmarks Nationalbank, 2020). Furthermore, 

the table only presents the five currencies in which the largest number of bonds of our sample was 

issued, particularly EUR, USD, CNY, SEK and JPY. These currencies also have the highest shares in the 

actual green bond market (cf. Section 2.3). As explained formerly, the remaining 14 currencies are 

pooled in the binary variable OTHER_CUR. 

It is observable that there is no corporate ESG score available for a large part of the bonds but as 

government bonds are included into that share, the portion of corporate bonds without ESG score is 

in fact smaller. Another cause for such a large number of occurrences of ESG_NA is that the corporate 

ESG scores are not available for every bond in Bloomberg. In addition to that, Table 8 shows that the 

bond credit rating was inaccessible in TR for many bonds (49%). Once again, it is important to clarify 

that the bond matching was performed in Bloomberg in which a greater amount of data was available 

on bond ratings so that a solid match quality can be ensured. However, when retrieving information 

on the bond ratings in TR, the Moody’s credit rating instead of the BBC rating was used and thus fewer 
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ratings were available. Therefore, we arrive at a notably smaller amount of information on bond ratings 

in the final data set and eventually 49% of the bonds do not show a bond rating (RATING_NA). 

 

Figure 15: Frequency of YTM Differentials, Own Illustration 
(Difference in YTM = green YTM – non-green YTM) 

In order to investigate our bond matches further, we compute the YTM differentials between each 

green bond and its non-green counterpart. Specifically, we subtract the non-green bond’s YTM from 

the matched green bond’s YTM. These differences are plotted in Figure 15 and their size is shown on 

the horizontal axis. If the differential is positive, the green bond exhibits a higher YTM than its 

conventional counterpart and therefore, given the same interest payments, the green bond trades at 

a relatively lower price than the non-green bond. As investors pay a lower price when acquiring a green 

bond instead of a comparable non-green bond in that case, they “pay” a negative premium on the 

green bond. This also applies vice versa. If the difference in YTM is negative, the green bond has a 

lower YTM than the non-green one and thus, the green bond is traded at relatively higher prices which 

requires an investor to pay a positive premium on the green bond.  

The vertical axis in Figure 15 indicates the frequency, that is the number of bonds with which the YTM 

differentials occur in our sample. The histogram points towards a normal distribution of the YTM 

differentials but according to this first impression, green bonds seem to have slightly higher YTMs. 

Hence, the histogram suggests that green bonds trade at a small negative premium in the market so 

that an investor would benefit from a higher YTM of green bonds compared to conventional bonds. 

However, it is necessary to stress that this solely serves as a first impression and rather intends to 

describe the data set. It is not a thorough analysis in which we control for further factors, for example, 

the ones we could not match perfectly. Therefore, we conduct the more profound analysis in the 

following. 
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8.1.2 Green Effect Analysis 

In the following sections, we run the five different regressions introduced in Section 7.2 and present 

and interpret their results. By running these varying regressions, we are able to capture different green 

effects and thereby evaluate, amongst others, Hypotheses 1, 2 and 3. Finally, we arrive at an initial 

sub-conclusion. 

Ensuring reliable results throughout the regression models 

For all of the regressions we conduct the Breusch Pagan test but find evidence of violation of the 

homoscedasticity assumption, that is a constant variance in the error term. Since the presence of 

heteroscedasticity implies that the OLS is no longer BLUE (Best Linear Unbiased Estimator), we use 

heteroscedasticity consistent standard errors throughout the regressions to ensure unbiased standard 

errors. In view of the high adjusted 𝑅2of approximately 99.7% for all of the regressions, the 

independent variables are found to explain most of the variation in the YTM showing a good fit of the 

regression models. This might be to a large extent attributed to the pair fixed effects that are mostly 

estimated to provide a significant and in absolute terms large explanatory power. However, as we are 

primarily interested in properly isolating and quantifying the green effect, it is not necessary to assess 

the pair fixed effects in more detail. In order to provide a concise presentation of the regression results, 

the following tables do not display the bond pair fixed effects13.  

Furthermore, we conduct an F-test for every regression and the results are presented at the bottom 

of each table. We do so in order to assess the overall fit of our models. Because we reject the null-

hypothesis of the F-test for all of the regressions, we can conclude that the models are generally 

significant, and therefore provide a better fit than explaining the dependent variable without any 

independent variables. 

 

8.1.2.1 Overall Green Effect 

In order to obtain an understanding of whether there is a significant green effect on the YTM in the 

overall bond market, we run regression (1) – also called base regression function - as described in 

Section 7.2.1 utilizing all matches, i.e. 992 observations. Although maturity, amount issued and coupon 

are matched as close as possible, they could not be matched perfectly so it is necessary to additionally 

control for them. Furthermore, the binary green indicator is added and pair fixed effects are included 

                                                           
13 There is one pair fixed effect for each bond match so that we obtain 496 pair fixed effects in our regression outcome of 
regressions (1), (2), (4) and (5) and 385 pair fixed effects in the regression outcome of regression (3). An example for the 
regression outcome of the pair fixed effects is provided in Appendix 2. 
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for each bond match which capture the issuer’s idiosyncratic factors such as industry or credit risk. The 

results of regression (1) are presented in Table 9. 

Table 9: Regression (1) – Overall Green Effect, Own Illustration 

 

The coefficients on maturity and amount issued are estimated to be significant at the 1% level even 

after the bond matching. The coefficient on the coupon results to be insignificant which might seem 

surprising at first sight. Nevertheless, this is most likely linked to the fact that bonds were very closely 

matched according to their coupons. As the coefficient only considers the difference within a bond 

pair, the estimate might reflect that there is generally no substantial difference between the coupons 

of the matches. Any difference across bond matches could be mainly captured in the pair fixed effects, 

which are generally highly significant (compare Appendix 2). Yet, the estimates on coupon, maturity 

and amount issued are not interpreted and rather serve as controls (cf. Section 7.2). 

The main focus is on the coefficient on the green indicator. The coefficient is significant at the 1% level 

and estimates that if a bond is labelled green, the YTM is 1.3 basis points lower than if the bond is not 

labelled green. This implies that investors of green bonds obtain a lower yield and hence, pay a higher 

price when acquiring green bonds than if they would invest in comparable, conventional bonds 

instead. Based on regression (1), we can therefore confirm Hypothesis 1 as the coefficient on the green 

indicator is significantly negative. Though, it is rather small in absolute terms pointing towards a fairly 

small green effect. Evaluating our entire bond sample allows us to approximate the bond market and 

consequently, we can infer that the green label overall has a small, significantly negative influence on 
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the YTM so that in turn, green bonds trade at a slight premium in the market. These findings are in line 

with those of, for example Zerbib (2019), Ehlers and Packer (2017) and Preclaw and Bakshi (2015). 

Similarly to our results, Zerbib (2019) finds only a very small difference between green and non-green 

bond prices (2 basis points). Yet, the analyses conducted by Ehlers and Packer (2017) and Preclaw and 

Bakshi (2015) differ in respect to the size of the premium as they find differentials of 18 and 20 basis 

points, respectively.  

 

8.1.2.2 Green Effect across Issuer Type 

Regression (2) is primarily based upon Hypothesis 2 which proposes that the green premium paid when 

acquiring corporate green bonds is lower than the one of government green bonds. In order to assess 

whether the green effect indeed depends on the issuer type, we run regression (2) and present the 

results in Table 10. In particular, the regression allows us to evaluate whether there is a significant 

difference in the green effect of corporate green bonds compared to government green bonds. To this 

end, we additionally incorporate an interaction effect as formerly described. Thereby, we can 

separately assess the green effect on the YTM of corporate and government green bonds.  

Table 10: Regression (2) – Green Effect Across Issuer Types, Own Illustration 

 

 



72 
 

Concerning the regression results, the coefficients on coupon, maturity, amount issued and on the pair 

fixed effects remain nearly identical compared to regression (1). The coefficient on the green indicator 

remains negative and is significant at the 5% level. It is estimated to be -1.0 basis points. To analyse 

the green effect on the YTM subject to the condition that the issuer is a government, we turn to the 

interaction effect. The coefficient on the interaction effect is significant at the 5% level and predicts 

that green bonds issued by governments exhibit a YTM that is approximately 1.6 basis points lower 

than the YTM of green bonds issued by corporations. This leads to an estimated green effect on the 

YTM of -2.6 basis points for government green bonds in total but to a green effect of only -1.0 basis 

points for corporate green bonds. To summarise, green bonds are projected to exhibit lower YTMs 

than non-green bonds and this effect is stronger for government green bonds than corporate green 

bonds. The estimates of regression (2) support the supposition that credibility in the issuer are 

essential criteria when choosing to invest in green bonds and that investors might fear greenwashing 

if they do not select bonds issued by official institutions. A possible interpretation of the findings is 

therefore that the greenwashing fear towards corporations is higher so that government green bonds 

benefit from higher popularity than corporate green bonds. This corroborates previous findings of 

Kapraun and Scheins (2019) who also find that investors pay a higher premium when acquiring green 

bonds of official entities, such as governments, than when buying corporate green bonds. Bachelet et 

al. (2019) find a green premium even only for official institutions but not for private corporations.  

On the whole, the finding of a significant negative coefficient on the green indicator persists for both 

issuer types which provides further evidence confirming Hypothesis 1. Moreover, the results estimate 

a larger YTM differential for government bonds than for corporate bonds and hence, a comparably 

higher price for government green bonds. The findings are therefore also in line with Hypothesis 2 as 

investors seem to be willing to pay a larger premium on government green bonds which could be 

explained by the fear of greenwashing by corporations issuing green bonds. Comparing the magnitudes 

of the corporate and government green effects, the difference in the green effects is relatively large. 

While corporate green bonds have a green effect of only -1.0 basis points, the green effect for 

government green bonds is stronger by 1.6 basis points in absolute terms. 

 

8.1.2.3 Green Effect across ESG Scores 

Regression (3) is mainly leaned upon Hypothesis 3. It is run in order to analyse whether there is a 

varying green effect on the YTM for green bonds issued by corporations that prove to be responsible 

in regards to a large amount of their actions (ESG_HIGH), compared to green bonds issued by 

corporations that show only poor responsibility across their operations (ESG_LOW). As mentioned 

above, for this regression we no longer take the whole bond sample into consideration but instead 
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only corporate bonds, providing 770 observations. By means of this regression, we are able to assess 

the green effect on the YTM given the corporation that has issued the green bond has a high ESG score 

(ESG_HIGH = 1) or in contrast has a low ESG score (ESG_LOW = 1). 

Table 11: Regression (3) – Green Effect Across ESG Performance, Own Illustration 

 

As displayed in Table 11, once more the coefficients on the variables of the base regression function 

have not changed substantially. Also, the individual green indicator depicting the green effect of all 

companies without an ESG score remains negative and significant at the 1% level. The coefficient is       

-1.2 basis points and therefore of similar size as in the preceding regressions. We observe that the 

interaction effects do not show any significance. Neither for the interaction effect between the green 

indicator and the ESG_HIGH variable, nor for the interaction effect between the green indicator and 

the ESG_LOW variable the coefficients show significance. This indicates that there is no additional 

green effect on the YTM that can be attributed to the ESG performance of a corporation. Thus, the 

findings do not support Hypothesis 3 which states that there is a significant difference between the 

performance of green bonds issued by companies with a high ESG score and a low ESG score. As 

opposed to the previous findings and our presumption, the findings do not underpin the supposition 

of greenwashing fear to be a crucial aspect when choosing green bond investments. If investors were 

concerned about green bonds issued by firms performing bad in terms of ESG, this should be reflected 
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in the corresponding bond performance. The results of regression (3) rather indicate that investors do 

not draw distinctions between green bonds issued by companies with a high or a low ESG. Instead they 

seem to be satisfied with the fact that a green bond is generally issued for an environmentally friendly 

cause. 

It is important to keep in mind that we do not investigate the direct influence of the ESG score on the 

bond’s YTM, but only if the green effect differs depending on whether a company disposes over a high 

or low ESG score. Nevertheless, when drawing conclusions from this regression, it is necessary to note 

that the amount of observations for which an ESG score was available is not very high. This may affect 

the results, including the coefficients, and may also hamper their significance. In contrast to our results, 

Kapraun and Scheins (2019) find varying green effects on the yield across different ESG scores.  

 

8.1.2.4 Green Effect Across Currencies 

Analysing the green effect in more detail, we run regression (4) to examine whether there is a 

significant green effect for bonds issued in different currencies and to quantify this potential effect. In 

doing so, we add interaction effects between currencies and the green indicator.  

As described in Section 7.2.4, we choose the currencies in which the largest share of bonds of our 

sample was issued. EUR is chosen as the reference group. Hence, the green effect of bonds issued in 

EUR is illustrated by the individual green indicator variable. In contrast to the previous regression, the 

following regressions incorporate the whole bond sample again. 

Table 12 shows the results of regression (4). The individual green indicator shows the green effect of 

EUR denominated green bonds on the YTM and is found to be significant at the 10% level. The 

coefficient of a value of -1.7 basis points is again in line with Hypothesis 1 since it projects the green 

bonds to have a YTM lower by -1.7 basis points due to the green label. The interaction effects between 

the green indicator and the corresponding currencies are mostly insignificant, demonstrating that the 

green effect of green bonds issued in other currencies does not differ significantly to the one of green 

bonds denominated in EUR. Generally, we cannot conclude that the influence of the green label on 

the YTM varies across different currencies. The results therefore suggest relatively efficient markets in 

which international trading mostly leads to a uniform green premium.  
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Table 12: Regression (4) – Green Effect Across Currencies, Own Illustration 

 

 

 

 

However, SEK denominated bonds constitute an exception. The interaction effect between the green 

indicator and SEK shows significance at the 5% level and predicts the green effect to be higher by +2.1 

basis points of bonds issued in SEK. As a result, the overall green effect of those bonds is predicted to 

be positive but there is nearly no green effect at all (+0.4 basis points). Based on these findings we can 

confirm Hypothesis 1 for all bonds except for those issued in SEK. Overall, the results of the regression 

are contradicting to the findings by Kapraun and Scheins (2019), who find significant differences of the 

green label effect for more of the currencies.  
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SEK denominated green bonds generally enjoy a high reputation, amongst others, because they have 

a pioneering role in terms of transparency and are therefore considered very reliable (Kommuninvest, 

2020). This should make them fairly popular among investors driving up their prices. As higher prices 

bring along lower YTMs, our result appears rather counterintuitive. Yet, SEK denominated bonds do 

not only experience a high demand but also receive high interest from Swedish bond issuers. In January 

2019 for instance, green bonds made up 66% of the total Swedish bond market leading SEK to be the 

fourth largest currency in the green bond market (Kaminker, 2019). A possible reason for why we do 

not find evidence suggesting higher prices of SEK denominated green bonds than conventional bonds 

could be that the demand is still not large enough to drive up prices. This could be explained the 

following way: While especially large investors, such as international institutional investors, have a 

strong influence on market prices, they might favour bonds issued in currencies that are highly traded 

in the market or currencies to which they already have a high exposure. This could reduce their 

transaction costs, as these currencies trade at tighter exchange rate spreads. If international investors 

would invest in SEK denominated green bonds, they would have to exchange their currency to SEK 

which is more expensive. For instance, the USD/EUR Bid-Ask spread at 5th March 2020 was nearly zero 

(1.1214/1.1214) according to the Bloomberg Generic Composite rate (BGN rate)14, whereas the Bid-

Ask spread between USD/SEK was 0.0023 (9.4500/9.4523). This demonstrates that international 

investors might favour green bonds issued in highly traded currencies and thus the relatively lower 

demand for SEK denominated green bonds could be traced back to higher transaction costs for these 

bonds. Most of the currencies pooled in OTHER_CUR are not highly traded either, but as their green 

bond issuance is also a lot smaller than the one of SEK denominated bonds, the local demand and only 

a small demand by international investors might already satisfy the offer. Perhaps, this already drives 

up green bond prices slightly. Clearly, this is only a vague explanation, as the finding generally appears 

to be rather counterintuitive. 

  

                                                           
14The BGN rate is a pricing algorithm producing indications of bid and ask quotes. It is based on indicative rates only and not 
on actual market trades but is derived from a large number of quality sources (Bloomberg L.P., 2020). 
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8.1.2.5 Green Effect Across Bond Rating 

In this section, we run regression (5) which serves to assess the green effect across different bond 

ratings. As mentioned in Section 7.2.5, we run the regression adding three interaction effects to the 

base regression function, each of them including the green indicator and a binary variable for a 

different bond rating. The bonds for which there was no Moody’s rating available are the reference 

group and their green effect is estimated solely by the individual green indicator coefficient. The 

regression output of regression (5) is shown in Table 13. 

Table 13: Regression (5) – Green Effect Across Credit Ratings, Own Illustration 

 

As presented by the regression output, the individual green indicator is significant at the 10% level, 

suggesting that green bonds without a bond rating have a YTM that is 0.9 basis points lower than the 

YTM of non-green bonds without a bond rating. Furthermore, the results suggest that the green effect 

is stronger for very high rated green bonds. The coefficient on the corresponding interaction effect is 

significant at the 1% level and predicts to lower a green bond’s YTM additionally by 2.7 basis points.  

Thus, the YTM of a very high rated green bond is projected to be approximately 3.6 basis points lower 

compared to its non-green counterpart. In turn, investors would have to pay more for these bonds 
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than for comparable non-green bonds that dispose over a very high rating. Green bonds displaying one 

of the other two bond ratings are not predicted to differ significantly from the not-rated bonds. Yet, 

the coefficient on the RATING_HIGH interaction effect is larger and positive (+0.1 basis points) than 

the one for very high rated bonds and the coefficient on the RATING_MODERATE interaction effect is 

even higher (+1.4 basis points).  

Investors might perceive companies or governments that are closer to financial distress to be also 

more prone to greenwashing. For bonds with low credit quality, the green label might then be rather 

a sign of warning and have a reverse effect as it could trigger investors to doubt credibility and raise 

greenwashing fear. Investors might believe green bonds are misused, for example to exploit green 

bond tax advantages and good publicity rather than issued with good intentions to promote 

sustainability. Demand for low quality green bonds would then decrease entailing a drop in prices. At 

the same time, the YTM would increase reflecting that green bonds with inferior rating trade at lower 

prices. This conjecture should be treated with caution though, as the coefficients on the interaction 

effects with only high, moderate and low ratings are not significant. Issuers that do not perform well 

economically might also truly shift to greener actions in order to obtain lower-priced capital so that 

the greenwashing fear of investors would be unfounded. 

Hachenberg and Schiereck (2018) present inconclusive findings concerning the green effect across 

bond ratings. Other prior studies have arrived at contradicting results suggesting that green bonds in 

the lower rated segment show a larger premium (Ehlers & Packer, 2017; Zerbib, 2019). 

 

8.1.3 Sub-Conclusion: Regression Analyses 

Focusing on Hypotheses 1 to 3 stating that first, green bonds are traded at a premium in the market, 

second, this premium is larger for government green bonds than for corporate green bonds and third, 

a high ESG score of the issuer leads to a higher green premium, we have run numerous regressions in 

order to respond to these hypotheses. Simultaneously, we have gathered further information on green 

bond performance by analysing the green effect across different currencies and different bond credit 

ratings.  

To summarise, the various iterations of the OLS regressions yield sufficient results to reliably infer that 

a small significant green bond premium exists as green bonds are traded at a slightly lower YTM than 

comparable non-green bonds according to our findings. Regression (1) finds an overall green effect of 

-1.3 basis points on the YTM which is significant at the 1% level and thereby confirms Hypothesis 1. 

Because investors are willing to pay a small premium for green bonds, this provides evidence that they 

generally appreciate the green bonds’ positive externalities which are benefitting overall welfare. Yet, 
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this premium is rather small and furthermore, it is important to emphasise that this premium varies 

depending on specific characteristics of the bonds. For instance, we do not find such a premium for 

green bonds issued in SEK as these green bonds are estimated to have an overall positive influence on 

the YTM. The same could apply to green bonds not disposing over a very high credit rating, although, 

these findings are not found to be significant. extremely 

Turning to regression (2), it is evidenced that government green bonds trade at a higher premium than 

corporate green bonds. The green effect regarding corporate bonds amounts to -1.0 basis points only, 

whereas the green effect of government bonds is -2.6 basis points in total. Therefore, government 

green bonds are predicted to trade at lower YTMs in the market than green bonds issued by 

companies. On the basis of these results, investors appear to prefer green bonds of official entities, 

such as governments, and are therefore willing to pay a higher premium on their green bonds. This 

finding leads us to confirm Hypothesis 2 and supports findings of previous analyses (Kapraun & Scheins, 

2019; Bachelet et al., 2019). 

Regression (3) shows that there is no significant difference in the green effect across ESG scores. 

Hence, our findings do not strengthen the believe that investors fear greenwashing by companies 

issuing green bonds but displaying overall only an inferior behaviour in terms of environmental, social 

and governance. Correspondingly, we cannot confirm Hypothesis 3. As our data on ESG scores is rather 

limited, this might constitute a reason for insignificant results and leaves room for further 

investigation. Our findings contradict prior research. For example, the study undertaken by Kapraun 

and Scheins (2019) finds different effects of the green indicator on the YTM across varying ESG scores.  

Furthermore, we do not find currencies to be very decisive for the magnitude of the green effect on 

the YTM. The green effect of bonds issued in EUR is estimated to be -1.6 basis points and the effects 

of green bonds denominated in other currencies do not differ significantly from that estimate. Only 

green bonds issued in SEK projected to have a significantly higher YTM which is why we would reject 

Hypothesis 1 for these specific bonds. The overall effect of the green indicator of SEK denominated 

green bonds is estimated to be 0.4 basis points. As this result appears counterintuitive and our results 

do not suggest a significant difference in the green premium across currencies, we cannot conclude 

that the green effect depends heavily on the issue currency.  

The estimates of regression (5) point towards high rated bonds yielding a stronger and negative green 

effect and moderate and low rated bonds yielding a weaker green effect on the YTM. This could be 

interpreted in the following: Investors might fear that issuers of the riskier bonds are more likely to 

participate in greenwashing. They might therefore question the effectiveness of the projects funded 

by green bonds and the issuer’s true intentions. The demand for these bonds would then decrease, 
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entailing a bond price decrease. The green effect of very high rated bonds is -3.6, whereas the green 

effect of high, moderate and low rated bonds is not predicted to differ significantly from the -0.9 basis 

points estimated for green bonds without a bond rating.  

We deem our conclusion to be reliable as we verified the individual statistical significances closely and 

as we could reject the null hypothesis of the F-test. Therefore, the models can be considered 

significant. This, coupled with a high adjusted 𝑅2 presented throughout all regressions as well as the 

use of heteroscedasticity robust standard errors leads us to well-grounded regression estimates that 

enable us to draw conclusions upon these findings. 

 

8.2 Portfolio Perspective 

The second part of the analysis addresses two major questions: 1. How has the financial performance 

of green bonds been over time? and 2. How well perform green bonds when combined in a portfolio 

with different asset classes? For this purpose, we split the bond sample into two subsamples, green vs. 

non-green. We compute average returns of each bond type over time and compare their mean-

variance combinations. Subsequently, we create correlation and variance-covariance matrices 

incorporating green bonds, conventional bonds and various indices that represent different asset 

classes. Thereafter, portfolios are created that combine green bonds with the different asset classes 

or that incorporate non-green bonds and the other asset classes. Finally, we derive efficient frontiers 

from these asset class combinations which are plotted in a chart. This facilitates the identification of 

differences in the financial performance in general and particularly possible diversification benefits. In 

this way, our analysis is able to provide an answer to Hypothesis 4. Unlike the preceding segment of 

the analysis, returns are computed based on historical bond price movements and the bond sample 

encompasses only corporate bonds. All calculations are undertaken in Microsoft Excel. 

 

8.2.1 Descriptive Statistics 

Initially, we compute the equally weighted and capital weighted returns for each observation date of 

both bond samples, green and non-green, so that we obtain four different time series proxies that 

indicate the returns of green and conventional bonds. In the following, we present descriptive statistics 

based on these proxies. Originally, the observation period started on 5th March 2010, but most of the 

bonds were issued at a later point in time. Since we only consider the returns of those bond pairs for 

which there is data available on both bonds at an observation date, the equally weighted and capital 

weighted returns are computed only from the first date with full information on at least one bond pair. 
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This is the 5th of October 2012. Therefore, the time series encompasses data from 5th October 2012 to 

5th March 2020.  

We first compute the monthly and annualized historical mean returns for all four proxies and in a next 

step, the monthly and annualized standard deviations of these proxies. Then, we calculate two 

performance measures, the hypothetical slope and the Sharpe ratio, in order to analyse the bonds’ 

financial performance. The first measure, the hypothetical slope, is the slope of a line that connects 

the origin and a specific asset in a mean-variance chart. It is obtained by dividing the annual mean 

return by the annual standard deviation, (
ra

σa
). To calculate the latter, the Sharpe ratio, we use the 10-

year US T-Bill rate as of 5th March 2020 as risk-free interest rate, that is approximately 0.93% p.a. 

(Yahoo.Finance, 2020). In order to allow for a comparison between the green bond proxy, the non-

green bond proxy and other asset classes, we additionally compute the mean returns, standard 

deviations and the two performance measures for stocks, commodities and real estate for the same 

time period. The S&P 500 Index, the S&P-GSCI Commodity Index and the Wilshire Global REIT Index 

serve as a general benchmark for the corresponding asset classes.  

Table 14: Descriptive Statistics - Panel Data, Own Illustration 

 

Table 14 shows the historical mean returns and standard deviations of the equally and capital weighted 

green bond and non-green bond proxies as well as the mean returns and standard deviations of the 

three indices analysed. As illustrated, there are no large divergences between the equally weighted 

green and non-green bond proxies, neither in terms of mean returns (3.34% and 3.12% p.a.) nor 

regarding the standard deviations (5.01% and 4.93% p.a.). As a result, the slope and Sharpe ratio are 

also of similar value. Yet, the average annual return is marginally higher for the green proxy which has 

outperformed the non-green proxy by 22 basis points. In turn, the standard deviation is slightly larger 

but overall, the slope and Sharpe ratio are higher for the green proxy. As opposed to the equally 

weighted green and non-green proxies, the capital weighted proxies differ more markedly. While the 

mean return of the green proxy is 4.56% p.a., the mean return of the non-green proxy is only 2.56% 

p.a.. The standard deviations are 9.45% and 6.61% p.a., respectively. Consequently, green bonds have 

outperformed non-green ones in terms of slope and Sharpe ratio regarding approximately the past 
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eight years. However, the results also suggest green bonds to be more volatile than conventional bonds 

which contradicts our initial supposition. 

In general, average corporate bond returns ranging between the risk-free rate and returns of widely 

dispersed stock indices certainly correspond to common expectations (Berk & DeMarzo, 2017). The 10 

year US T-Bill rate was on average 2.27% p.a. for the given period and the S&P 500 shows a mean 

return of 11.53% p.a.. All bond proxy returns lie within this range, though, the capital weighted green 

proxy yields a rather high average return in relation to the other proxies (4.56% p.a.).  

This fairly high return should not be due to factors affecting the return of a bond, such as credit ratings, 

as our samples are matched in terms of these characteristics. A possible explanation for the greater 

returns could be that society’s appreciation of green investments has on average increased over the 

considered time period, which would increase demand for these investments and result in a higher 

rise in prices compared to that of conventional bonds. Due to the larger price increase, green 

investments would then also exhibit higher returns. 

In addition to this, Table 14 also presents the average returns of the S&P-GSCI Commodity Index and 

the Wilshire Global REIT Index which are -6.12% and 4.37% p.a., respectively. The noticeably high 

return on stocks and the clearly negative return on commodities can probably be linked to the 

favourable economic conditions of the past decade. Especially the commodity index has performed 

inferior in comparison to the other indices (Sharpe ratio of -0.3985). This might be subject to the 

observed time period, as commodities are considered to be negatively correlated to stocks and other 

more traditional assets and thus, are rather beneficial in periods of crises15 (Greer, 2000). Despite their 

negative return, commodities have been the riskiest asset class displaying an annual standard 

deviation of 17.68%, while the stock index and the real estate index have been of lower risk, exposing 

investors to standard deviations of 12.95% and 13.44%, respectively. 

We can infer that bonds have performed fairly well relative to the other asset classes regarding the 

Sharpe ratios and slopes. The stock index has performed best with a Sharpe ratio of approximately 

0.8188 and bonds are ranked second (Sharpe ratios between 0.3195 and 0.6023). Especially the green 

bond proxies show comparably high Sharpe ratios, giving the impression to have outperformed the 

non-green ones. This is particularly the case when comparing the capital weighted returns.  

Still, these calculations should be interpreted with caution since they are only valid for the specified, 

historical period. There is no evidence that the time period of this analysis is representative for future 

performance and that the returns will behave similarly in the upcoming period. Moreover, the green 

                                                           
15 This does not hold true for every crisis or every commodity as can be seen from the oil price during the COVID-19 crisis 
(Gladstone, 2020). 
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bond market has only existed effectively for about one decade, raising difficulties when intending to 

forecast its future development and to assess how it will behave in times of severe recessions. 

Table 15: Correlation Matrix - Panel Data, Own Illustration 

 

With the objective to gather insights of diversification effects across asset classes, we compute the 

correlation matrix for the different asset classes. Table 15 shows how the green and non-green bond 

proxies as well as the asset class indices correlate with each other. The correlations between the two 

proxies are relatively high, which is plausible as they are of the same asset class. However, our primary 

interest is in the correlation between the bond proxies and other asset classes. Table 15 reveals that 

the correlation between the equally weighted green proxy and the S&P 500 is -0.0984 while the 

correlation between the equally weighted non-green proxy and the S&P 500 is -0.0143. The correlation 

between the capital weighted green proxy and the S&P 500 is also smaller than the one between the 

capital weighted non-green proxy and the S&P 500. This is why we expect higher diversification 

benefits when combining stocks with green bonds instead of non-green bonds. The correlations 

between the bond proxies and the commodity and real estate indices are more ambiguous. The value 

of the correlation coefficients of the equally weighted proxies cannot be sufficiently confirmed by the 

capital weighted proxies to gain a clear impression. For example, while the equally weighted green 

proxy is estimated to be less correlated with the commodity index than the non-green proxy, the 

correlation coefficients of the capital weighted proxies claim the opposite. The non-green proxy is 

estimated to be less correlated with the commodity index than the green proxy with that index. On 

the whole, we still deem it plausible to expect superior diversification benefits of green bonds as their 

correlation with stocks is supposedly lower than the correlation between stocks and non-green bonds. 

Because stocks frequently have a large share in a portfolio (cf. Sharpe, 2010), a comparably lower 

correlation between green bonds and stocks could lead to noticeable diversification benefits. Again, 

the correlations should be analysed carefully since our estimates are only approximations of the true 

parameters. 
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Table 16: Variance-Covariance Matrix - Panel Data, Own Illustration 

 

Lastly, we compute the sample variance-covariance matrix for the two proxies and the chosen indices 

as presented in Table 16. Once more, this matrix illustrates the potential diversification effects and 

enables us to generate the efficient frontiers in an easier manner as described in detail in the following. 

 

8.2.2 Efficient Frontiers 

Based on the calculations of the preceding section, we set up efficient frontiers of portfolios consisting 

out of bonds and stocks only and out of bonds, stocks, commodities and real estate. To this end, we 

utilize the previously computed mean returns and the variance-covariance matrix. Attention should be 

drawn to the fact that the mean returns are not necessarily the true returns16 which leads to a bias in 

the efficient frontiers. Nevertheless, we consider them a sound approximation as we incorporate a 

fairly long time period when computing the mean returns and also because every asset class represents 

an averaged return of numerous individual assets. Thus, unusual price movements of single assets 

distort the result only to a minor extent. 

 

8.2.2.1 Combination of Bonds and Stocks 

In this section we compare the efficient frontiers of the equally weighted green proxy held in a portfolio 

with the S&P 500 index and the equally weighted non-green proxy combined with the S&P 500 index. 

Thereafter, we undertake the same investigation but instead of taking the equally weighted, we 

employ the capital weighted proxies. If both comparisons show consistent results, we are able to build 

subsequent inferences on more meaningful findings.  

                                                           
16 By true return the return that lies in the centre of a normal distribution is meant. It is therefore not certainly the future 
return but the return that is realized with the highest probability. 
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Since only two different asset classes are included in each portfolio, it is sufficient to compute the 

mean-variance outcomes of all linear combinations of the two asset classes in order to create the 

efficient frontier as explained in greater detail in Section 4.3.2. 

 

Figure 16: Efficient Frontiers – Equally Weighted Proxies (1), Own Illustration 

Figure 16 shows the two efficient frontiers when the equally weighted proxies for the green and non-

green bonds are separately combined with the S&P 500 index. The curves are almost identical which 

does not suggest considerable differences between the green and non-green portfolio performance. 

The minimum attainable variance of the green frontier, computed using Equation 4.9, is marginally 

lower than the one of the non-green curve and also shows a marginally higher return. More precisely, 

the minimum variance portfolios exhibit annualized returns of 4% and 3.68% and standard deviations 

of 4.62% and 4.67%. The minimum variance portfolio of the green curve can be constructed by 

investing 84.67% in green bonds and 15.34% in stocks. To obtain the minimum variance portfolio of 

the red curve one would have to invest 86.97% in conventional bonds and 13.03% in stocks instead17. 

This clearly reveals diversification benefits as the lowest risk is not achieved by investing only in bonds, 

although bonds show considerably lower standard deviations than stocks. In addition, the figure 

indicates that the green portfolios slightly outperform the non-green ones in a range where the 

standard deviation is smaller than 12.95% p.a.. Evaluating the characteristics of the maximum slope 

portfolio, which is determined using Equation 4.15, we find that it yields an annualized return of 6.04% 

and a standard deviation of 5.17% when including green bonds and a return of 6.04% and a standard 

                                                           
17 Table 18 and 19 in Appendix 3 display the MinVar and Slope asset weights of all four portfolio types. 
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deviation of 5.49% when including non-green bonds. This demonstrates that the portfolio consisting 

of green bonds and stocks enables an investor to obtain the same return for taking up a lower risk. Put 

concisely, the results suggest that the green portfolio combinations have slightly outperformed the 

non-green combinations. Yet, this is probably not a consequence of varying diversification benefits but 

rather due to the computed mean-variance performance differences of the two single proxies. 

 

Figure 17: Efficient Frontiers – Capital Weighted Proxies (1), Own Illustration 

When adopting the capital weighted proxies, the efficient frontiers show greater differences than 

previously as can be seen in Figure 17. Essentially, they are of similar shape as the efficient frontiers of 

the equally weighted portfolios, but the differences are demonstrated to a greater extent and in this 

case, the non-green bond frontier is shifted further to the left than the green frontier. Hence, a lower 

minimum variance portfolio can be reached with non-green bonds. The minimum variance portfolios 

including green or non-green bonds have annualized returns of 5.35% or 3.23% and standard 

deviations of 5.37% or 4.81%, respectively. The green maximum slope portfolio yields mean returns of 

6.97% p.a. and displays a standard deviation of 5.59%, whereas the non-green maximum slope 

portfolio exhibits mean returns of 6.18% p.a. and has a standard deviation of 5.97% p.a.. The maximum 

slope portfolio of the green curve thus allows for higher returns, while exposing the investor to less 

risk. As the individual risk-return characteristics of the green and non-green proxy differ similarly to 

the divergence in the efficient frontiers, it is again difficult to judge to what extent differences in 

diversification effects exist. 

To summarise, we do not find substantial performance differences between green and non-green 

bonds when considering these two-asset class portfolios. 
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8.2.2.2 Combination of Bonds, Stocks, Commodities and Real Estate 

In this section, we add two more asset class indices to our portfolios. These are the S&P-GSCI 

Commodity Index and the Wilshire Global REIT Index. We thereby analyse better diversified portfolios 

consisting of four different asset classes. 

 

Figure 18: Efficient Frontiers – Equally Weighted Proxies (2), Own Illustration 

Figure 18 demonstrates that the green portfolio outperforms the non-green portfolio at any risk level. 

The further we move to the right in the mean-variance chart, that is the higher the standard deviation 

and thereby the risk of the portfolio, the better is the performance of the green portfolio in relation to 

the non-green one. The minimum variance portfolio of the green efficient frontier generates not only 

higher expected returns (3.76% versus 3.01% p.a.) but simultaneously benefits from a lower standard 

deviation (4.08% versus 4.20% p.a.) than the one of the non-green efficient frontier. The same applies 

to the maximum slope portfolio, which yields an expected return of 11.21% p.a. and a standard 

deviation of 6.67% p.a. for the portfolio including green bonds and an expected return of 10.81% p.a. 

and a standard deviation of 8.14% p.a. for the portfolio incorporating non-green bonds. Compared to 

the two-asset case in Section 8.2.2.1, the green bonds financially outperform the non-green bonds 

more notably. The results are unexpected since we could not uncover big differences, neither in the 

mean returns nor in the standard deviations of the two bond types, or in the correlation to the other 

asset classes. Therefore, we expect the greater diversification benefits from the inclusion of green 

bonds to be caused by the overall interplay between the four asset classes. 
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Figure 19: Efficient Frontiers – Capital Weighted Proxies (2), Own Illustration 

Finally, we repeat the calculations with the capital weighted proxies. Once again, the green curve 

shows higher mean-variance combinations for most risk levels (cf. Figure 19). Yet, the non-green 

portfolio reaches a lower minimum standard deviation, that is 4.36% p.a., while the minimum standard 

deviation of the green curve is 5.0% p.a.. However, the corresponding mean return is also higher with 

4.64% p.a. for the portfolio incorporating green bonds compared to 2.48% p.a. for the portfolio 

including non-green bonds. The maximum slope portfolio’s mean return of the green portfolio is 

12.56% p.a. bringing along a standard deviation of 8.24% and the maximum slope portfolio’s mean 

return of the non-green portfolio is 13.33% p.a. with a standard deviation of 10.11%. 

To summarise, the portfolios consisting of four asset classes clearly suggest a better financial 

performance in terms of risk and returns when including green bonds instead of conventional bonds 

in a portfolio. Referring to the equally weighted bond proxies, we observe a “green efficient frontier” 

that is consistently above the “non-green efficient frontier”, indicating higher mean-variance 

combinations when including green bonds instead of non-green bonds. In the case of the capital 

weighted proxy, the results are more ambiguous but the majority of the green portfolios located on 

the efficient part of the frontier are located higher in the risk-return diagram, so that green portfolios 

are projected to deliver higher returns for a given risk than non-green portfolios.  
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8.2.3 Sub-Conclusion: Portfolio Analyses 

The preceding analysis enables us to draw conclusions on the past financial performance of green 

bonds in relation to similar non-green bonds from an investor perspective. Again, the fundamental 

assumption holds that differences in the performance can be assigned to the green label as our bond 

samples and hence also the bond proxies are matched in terms of the attributes primarily affecting 

bond performance. As illustrated in Section 8.2.1, we find the green bond proxies to have a higher 

mean return for the evaluated time period. This is the case for both proxy types, the equally weighted 

and capital weighted, but the difference is considerably higher for the capital weighted proxies. When 

comparing the equally weighted proxies, the difference in the annualized returns is 22 basis points 

while it is 200 basis points for the capital weighted returns. Simultaneously, we find green bonds to 

fluctuate stronger, demonstrating higher risk. Nevertheless, the risk-factored performance measures 

(hypothetical slope and Sharpe ratio) suggest superior performance of green bonds. At first sight, these 

outcomes seem contradictory to the results from the first segment of the analysis in which we conclude 

slightly lower returns for green bonds. This is likely due to the different applied return measures. The 

YTM indicates the expected financial return at one point in time and requires that the bond is held 

until maturity, whereas the returns based on historical price movements consider a period of time. 

Thus, we no longer investigate the expected green premium an investor has to pay at purchase but 

rather analyse how this premium has developed over time. In fact, the YTM at a given date does not 

necessarily have to be higher to achieve higher returns in this case. 

Setting up the efficient frontiers in a second step provides information on how well the different bond 

types perform when combined with other assets. In a well-diversified portfolio of four different asset 

classes we mostly find higher mean variance combinations for green bonds. This holds true especially 

when creating the frontiers by means of the equally weighted proxies even though the individual mean 

returns and variances of the green and non-green proxies are almost identical. This finding leads us to 

suggest higher diversification benefits of green bonds. Nevertheless, the finding cannot be confirmed 

by our two-asset portfolio analysis which combines the bonds only with the stock market-representing 

S&P 500 index. The results should therefore be interpreted with caution and Hypothesis 4 cannot 

certainly be confirmed. 

When applying the Modern Portfolio Theory, it is common practice to interpret the findings based on 

the assumption that historical mean returns also represent expected future returns. Based on our 

analysis, it would in that case be beneficial for investors to invest in green bonds rather than in non-

green bonds. However, preceding studies have shown that historical mean returns are not inevitably 

comparable to future returns which impedes such an assumption. Moreover, in order to follow the 

argument that a green bond premium has increased in the past it would also be necessary to observe 
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the progress of the premium in more detail. Still, we suppose the historical means adopted in this 

analysis to be an adequate approximation at least of the short-term future as we observe a rather long-

term horizon when computing the mean returns. Additionally, the proxies as well as the indices 

represent a large number of assets which is why shocks of individual assets are balanced out in the 

proxies.  

In order to be able to draw a more robust conclusion on Hypothesis 4, it would have been 

advantageous to also comprise observations of economic downturns to compare the green and non-

green bonds’ performance in economic downturns. As the green bond market is still young and has 

established and been growing considerably only after the financial crisis of 2007/08, there is no data 

available to analyse green bond performance during severe economic hardships. Thus, it is not possible 

to incorporate data on the performance in combination with different asset types, when economic 

prospects change substantially. 
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9 Conclusion 

Given the great potential the green bond market currently bears to bridge the climate finance gap, it 

is vital to gain further knowledge about this nascent market. Therefore, the objective of this study has 

been to provide useful insights on the financial performance of green bonds that have been mainly 

guided by four key hypotheses. In the following, we conclude on these insights and further discuss 

them. Moreover, we present the resulting implications for investors as well as issuers and provide an 

outlook for further research. 

 

9.1 Findings 

In the first segment of our analysis, we find evidence that green bonds trade at slightly higher prices 

than conventional non-green bonds. We detect a significant negative green effect on the YTM of -1.3 

basis points when assessing the whole bond sample. Although the premium is very small it leads us to 

confirm Hypothesis 1, which states that green bonds trade at higher prices than non-green bonds. 

Based on this result, investors seem to generally appreciate funding environmentally friendly projects 

and are therefore willing to pay a premium on green investments. Furthermore, it reinforces preceding 

findings revealed, inter alia, by Zerbib (2019), Ehlers and Packer (2017), Gianfrate and Peri (2019) and 

Baker et al. (2018) who provide ample evidence that green bonds exhibit a lower YTM than 

conventional bonds. 

Assessing this green effect in greater detail shows that the issuer type is a driving factor. While 

government green bonds are found to have a significant negative green effect on the YTM of -2.6 basis 

points, this estimate is predicted to be only -1.0 basis points for corporate green bonds. Hence, we can 

confirm Hypothesis 2, conjecturing that the green effect of government bonds is stronger than the one 

of corporate bonds. We interpret this finding in the following manner: Investors perceive official 

entities, such as governments, to be more trustworthy and to be less likely to participate in 

greenwashing activities. As a result, government green bonds enjoy higher popularity among investors 

who would like to ensure that their funding is used effectively. In turn, this drives up the green bond 

prices. Our result supports previous findings by Kapraun and Scheins (2019) and Zerbib (2019). 

We do not find any significant evidence that the ESG score has an influence on the size of the green 

effect. This leads us to reject Hypothesis 3, claiming that the green effect is stronger for bonds whose 

corporate issuer shows a high ESG score. Accordingly, we cannot underpin the supposition that 

investors fear greenwashing from low ESG rated companies and that the ESG score influences the 

green effect. This contradicts prior findings by Hachenberg and Schiereck (2018) and Kapraun and 
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Scheins (2019). Yet, the insignificance of our results could be subject to the high proportion of bonds 

that we could not assign an ESG score to. 

When testing for green effect differentials across currencies, the results are also mainly insignificant. 

Solely the green effect of SEK denominated bonds is predicted to differ significantly from the reference 

group, which encompasses all EUR denominated bonds and has a significant green effect of -1.7 basis 

points. The YTM differential between green and non-green bonds issued in SEK is estimated to be 

nearly zero (0.4 basis points) so that those bonds trade at comparable prices. However, as SEK 

denominated green bonds generally benefit from a high reputation, this appears rather 

counterintuitive (Kommuninvest, 2020). A conceivable reason for this finding is the large transaction 

cost faced by international investors when exchanging currencies to SEK, coupled with the high supply 

triggered by a great popularity of issuing green bonds in Sweden (Kaminker, 2019).  Still, we deem this 

to be a very vague explanation. Previous research has also provided only ambiguous results when 

analysing the green effect across different currencies so that we are not able to draw a strong 

conclusion on this matter (e.g. Zerbib, 2019; Hachenberg & Schiereck, 2018). 

Lastly, we evaluate the green effect across bond credit ratings and the results present a significantly 

stronger green effect for very high rated bonds. Although the coefficients on the interaction effects of 

the inferiorly rated bonds are insignificant, the findings suggest the premium an investor pays on green 

bonds increases with the bond’s rating. A potential interpretation is that investors fear that issuers of 

moderate or low rated bonds are suffering financial hardships. In such a situation, issuers might rather 

focus on short-term profits and use green bonds as a mean to access cheaper capital than to truly 

emphasise on sustainability. Hence, investors might believe the projects they are funding when 

acquiring very high rated green bonds are more effective. Our results contradict the ones of former 

studies that found a higher premium on bonds in the low-rated segment (Ehlers & Packer, 2017; Zerbib 

(2019).   

In the second part of the analysis, we switch from a single asset perspective to a portfolio perspective. 

In addition to this, we no longer analyse the financial performance of bonds based on their YTM but 

by their expected risk-return characteristics that evolve from price movements over time. According 

to our investigation, corporate green bonds have generated higher returns than their non-green 

counterpart over the last eight years approximately. Although this holds true for the equally and the 

capital weighted averages, the difference is substantially higher when adopting the capital weighted 

average. The estimated return differences are 200 basis points for capital weighed returns and only 22 

basis points for equally weighted returns. Simultaneously, green bond prices fluctuated stronger over 

the respective time period indicating a higher risk of green than non-green bonds. This higher risk 

contradicts our expectations of green bonds being less volatile due to their long-term focus. Overall, 
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green bonds have slightly outperformed conventional bonds in terms of the Sharpe ratio. To all 

appearances, this is contradictory to the findings of our first analysis. However, if the investors’ 

willingness to pay a premium on green bonds has on average increased over the considered time 

period, this could potentially explain the higher returns of green bonds. 

The efficient frontiers predominantly suggest better risk-return combinations when including green 

bonds instead of similar non-green bonds in portfolios. On the one hand, this is due to the higher 

Sharpe ratios of the green bond proxies. On the other hand, it might be attributable to higher 

diversification effects through the use of green bonds instead of similar conventional bonds. Yet, this 

is found only for the widely diversified portfolios encompassing all four asset classes. In that case, the 

diversification benefits become particularly clear when comparing the portfolios with the equally 

weighted proxies. They show nearly identical Sharpe ratios, but the green portfolios demonstrate 

higher risk-factored returns. When comparing the two asset class portfolios, no considerable 

differences in diversification effects are found. Hence, we can partially confirm Hypothesis 4, albeit 

very carefully. It is crucial to note that these findings can only be projected into the future cautiously 

as historical estimates do not necessarily represent the assets’ true returns. 

 

9.2 Discussion 

In the following, we illustrate practical implications and limitations of our findings and demonstrate 

how they could be of importance to investors, bond issuers and to the future success of green bonds. 

help determine the future success of green bonds.  

Because green bonds are found to generally yield a lower YTM and investors therefore pay a premium 

when acquiring these bonds, investors face a trade-off between fostering environmental protection 

and receiving monetary gains. Nevertheless, it should be highlighted that we discover only a minor 

premium. The green effect on the YTM amounts to -1.3 basis points when assessing the whole sample 

and varies slightly depending on bond characteristics but overall remains of small size. How small the 

impact is, can be demonstrated when putting the green effect estimate into context: An investor who 

invests USD 1 million in a green bond instead of a non-green bond would have to waive approximately 

USD 130 a year and in turn, green bond issuers would receive the additional USD 130. 

Furthermore, it is necessary to point out that the YTM differential uncovered in this study is 

considerably smaller than the ones found in a large part of other studies (cf. Section 3.3). We believe 

this is primarily tied to two factors. First, the green effect appears to vary with different bond 

attributes, such as issuer type and credit rating. Since the focus of preceding research has varied, this 

could present a reason for the variation in discovered green premia. Second, investigations utilize data 
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of different time periods. However, as the popularity of green bonds as well as the premium investors 

are willing to pay might have changed over time and since our data was collected more recently, this 

could constitute an explanation for the diminished YTM differential found in our analysis. This 

assumption is also supported by Kapraun and Scheins (2019). They find a comparably large difference 

in YTMs for the so-called “hype years” 2016 and 2017 – the years after the Paris Climate Agreement 

was passed – but only a minor difference in YTMs for the two subsequent years. This finding of a 

decreasing premium in recent years is further supported by our study. Thus, it seems questionable 

whether a green bond premium will be sustained or increased in the long-term. 

According to our analysis and given that the green premium is only marginal, we can conclude that 

green bonds serve as an attractive investment opportunity. Investors do not only receive nearly the 

same returns as they would with a similar conventional investment but at the same time receive non-

pecuniary utility by funding projects with positive externalities. From an issuer perspective, green 

bonds are of less financial appeal. Regarding the fact that issuing green bonds with a third-party 

certification entails extra costs, the rather small premium paid to the issuer might not compensate the 

additional expenses (Lehmann, 2018). Hence, when solely focusing on short-term financial aspects, 

green bonds do not appear to be an effective measure to raise cheaper capital. Yet, they bear the 

potential to bring along other valuable assets, such as an improved reputation if the issuer is perceived 

more environmentally friendly due to green bond issuance (Trompeter, 2017). Apart from that, our 

results might underestimate the financial benefits green bonds provide in reality as our analysis 

simplifies some conditions. For example, it disregards tax benefits that are often granted by authorities 

in order to stimulate green bond issuance (Climate Bonds Initiative, 2020d). 

The second part of the analysis enables us to derive inferences based on the past financial performance 

of green bonds. Though, it is necessary to stress that this part of the analysis merely integrates 

corporate bonds and evaluates the bonds’ risk-return performance only from an investor’s 

perspective. 

Our findings reveal that green bonds have historically outperformed their non-green counterparts in 

terms of the Sharpe ratio.  Moreover, investors would have profited from including green bonds rather 

than non-green bonds in a portfolio consisting of multiple asset classes in the past. Across all portfolios 

analysed in this study, green bonds have offered nearly identical or greater diversification benefits. 

Nevertheless, it is worth noting that our data on the historical performance does not comprise times 

of severe economic downturns. Including time periods of fundamentally different economic conditions 

could provide more reliable results on the performance of green bonds compared to conventional 

bonds.  
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On the whole, our results of both, the first and the second part of the analysis, propose that green 

bonds perform financially similar to non-green bonds and differences are found to be fairly small. This 

leads us to conclude that green bonds are an attractive investment alternative to traditional 

investments, especially when taking into consideration their positive environmental impact which is 

not integrated into our financial analysis. According to our results, investors do not suffer substantial 

monetary losses in order to steer the economy towards a more sustainable path by choosing green 

bonds over conventional bonds and might even benefit from improved diversification effects. 

Conversely, from an issuer’s perspective, green bonds do not provide an opportunity to obtain a major 

improvement in financing conditions. Regarding solely financial aspects, it is doubtful whether the 

incentives are strong enough for potential green bond issuers. However, green bond issuance can 

evoke indirect benefits such as an enhanced reputation in terms of environmental responsibility which 

we consider a key factor - particularly in the future. As the call for more responsible behaviour of 

corporations and governments towards environmental matters is becoming stronger and because 

investors are increasingly paying attention to what they are investing in, green bond issuance might 

benefit the issuer to a large extent as well (Morgan Stanley, 2019). In order to make green bond 

issuance more attractive, we believe it would be helpful if authorities extended tax benefits. To 

maintain and increase trust from the investor side - which is shown to be crucial by our results - also 

the standards of the green bond market should be strengthened. 

 

9.3 Contribution and Future Research 

This study contributes to the existing literature on environmentally designated capital by investigating 

the financial performance of green bonds compared to the one of conventional bonds. The analysis 

builds upon Zerbib’s (2019) bond matching method. While other studies by Ehlers and Packer (2017), 

Bachelet et al. (2019), Flammer (2020) and Tang and Zhang (2018) adopt bond matching procedures 

resembling the one we apply, they merely examine 110, 21, 89, 225 and 132 bond pairs, respectively. 

Only Kapraun and Scheins (2019) examine a larger bond sample but they apply different matching 

criteria not focusing, for example, on the bonds’ maturity as much. Our analysis encompasses a 

comparably large bond sample of 496 bond pairs, still following strict bond matching requirements. 

Assessing in which way different factors drive the green effect, such as the issuer type, ESG score, issue 

currency or bond credit rating, also allows us to gain a comprehensive understanding of the green 

feature and its size.  

Yet, our analysis also suffers drawbacks that leave room for future research. First, although our bond 

sample is large relative to other studies related to green bonds, it is not large in absolute terms. A 

higher number of observations would allow to split the sample into further sub-categories which would 
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still be of reasonable size. Thereby one could obtain more detailed but at the same time robust results. 

Due to lack of comparability across studies, it would be beneficial to conduct a study utilizing a large 

bond sample including bonds of any type. These bonds can then be analysed in detail according to 

their different characteristics, but the study design remains the same for every bond. Furthermore, 

our bond sample is generated exclusively on the basis of Bloomberg’s green indicator. An examination 

of the performance of self-labelled green bonds compared to third-party labelled green bonds could 

reveal if investors draw a difference between label types and how this affects the bonds’ performance. 

Although the study conducted by Bachelet et al. (2019) already includes self-labelled and third-party 

labelled bonds, it does not analyse them separately. Overall, these supplementary insights could help 

understand which factors are of most importance to green investors and by how much they influence 

the green effect. By means of this extended understanding, guidelines and strengthened standards 

could be developed further and thereby support market participants in their decisions. 

Referring to the second part of our analysis, there is no comparable study in the established literature 

related to the green bond market of that design. Initially, it is necessary to stress that the results cannot 

simply be projected into the future as historical mean returns do not certainly provide true estimates. 

This is especially applicable to the green bond market in view of the fact that it is still at an early stage 

and where there is much scope left to adapt the market framework. In order to approximate future 

returns more precisely and thereby create efficient frontiers based on more reliable input data, 

additional investigations could integrate the Black-Litterman model. We deem this model to be well-

suited as it not only incorporates historical observations but also analysts’ predictions to derive future 

mean returns and standard deviations. Based on that information, the model proposes optimal asset 

allocations (Black & Litterman, 1991). Furthermore, the second part of the analysis is limited to the 

investor perspective. Other additional investigations could also examine the issuers’ cost of capital, for 

example by computing the assets’ Betas and applying the CAPM. The Beta could be calculated for green 

and non-green bonds separately, allowing to compare their financial performance from an issuer’s 

perspective. However, the traditional CAPM brings along practical biases which need to be considered. 

As the premium investors are willing to pay for green bonds might change over time, this provides 

another impulse for future research. Further studies could assess in more depth how the willingness 

to pay a premium for environmental protection has developed in the course of time and predict how 

it is going to evolve in the future. In that way, future research could also quantify the non-monetary 

utility investors receive when investing in green bonds. Further room for research is left in regards to 

the indirect benefits of green bond issuance. Complementing studies could quantify these indirect 

profits that arise, for example, due to enhanced publicity. If green bond issuers are found to profit 

through an improved public perception, this could constitute another incentive to turn to green bonds.  
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A key point, however, is that our analysis focuses on the financial performance of green bonds but 

does not quantify the environmental impact an individual green bond has. It would be valuable to 

examine the added value of green bonds in terms of environmental protection. If this type of 

information would be accessible to investors, they could trace back the effectiveness of their funding 

which would lead to immense trust from the investor side and thereby boost the green bond market. 

Although this process is already initiated by some green label providers who have implemented 

different subcategories within their label, there is much potential for further developments.  

If the financial but also non-pecuniary benefits of the green bond market are understood in greater 

detail, the standards could be adjusted further to help the market thrive in the future. 
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Appendix 1 – Discrete vs. Log. Returns 
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Appendix 2 – Fixed Effects 

Table 17: Fixed effects of Regression (1), Own Illustration 

 

*Due to reasons of legibility only the first 10 pair fixed effects are shown. 
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Appendix 3 – Portfolio Weights 

 

Table 18: Two-asset class portfolios, Own Illustration 

 

 

Table 19: Four-asset class portfolios, Own Illustration 

 

 


