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Abstract: The aim of this study is to examine the impact of green bond issuance on the stock market,
based on the share prices of 29 companies located in different countries around the world. Using
our financial map and applying clustering techniques, we study price fluctuations and identify the
influences shaping them. Our contribution lies in methodological innovation through a Multidimen-
sional Scaling approach. Based on this innovative approach, the results of this investigation revealed
a complex dynamic in which various factors such as company size, issue volume, total number of
issues, geographical location, country GDP, and even governance indices such as the corruption index
interact significantly.

Keywords: green bonds; green finance; financial map; two-step cluster analysis

1. Introduction

Over the past few decades, awareness of climate issues has significantly increased.
It is a crucial response to an existential threat that looms over all of humanity. Dramatic
changes in our climate are caused by human activities, especially massive greenhouse
gas emissions (GHGs). These climate disruptions manifest through extreme phenomena
such as devastating hurricanes, deadly heat waves, and uncontrollable forest fires. They
endanger not only our environment but also our economies, food systems, and the security
of millions of people worldwide.

Consequently, governments and organizations worldwide have begun to recognize
the urgency to act. Environmental movements have mobilized, demanding stricter emis-
sion policies, a transition to renewable energy sources, and sustainable agricultural prac-
tices. It is in this context that the Paris Agreement, a result of the 2015 Paris Climate
Change Conference, has emerged as a major milestone in the global fight against climate
change (Zheng et al. 2021). This global agreement aims to limit global warming to less than
2 degrees Celsius compared to pre-industrial levels while continuing efforts to limit the
temperature rise to 1.5 degrees Celsius.

This international commitment closely aligns with United Nations Sustainable De-
velopment Goal 13, titled “Climate Action”, which calls for the implementation of poli-
cies and measures to reduce greenhouse gas emissions, strengthen resilience to climate
change, and mobilize financing to support the efforts of developing countries in this crucial
fight (Sharma and Payal 2019). To support the efforts of prevention and mitigation of
climate change, various innovative financial instruments have been established, among
which green bonds are prominent. These instruments have had a significant impact on
reducing greenhouse gas emissions, especially after COP21 (Fatica and Panzica 2021).

The sustainable bonds market has experienced exceptional growth in recent years,
which is largely attributable to the implementation of international standards such as the
Green Bond Principles (GBPs). These standards were established to encourage companies to
adopt transparency and reporting practices that significantly enhance investor confidence,
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allowing investors to more accurately assess the environmental and social impact of com-
panies (Chen and Zhao 2021). The transition to more responsible business practices has not
only responded to the urgent call of the climate crisis but has also opened up new prospects
in the stock market. This growing awareness has led investors to reassess their investment
strategies by favoring companies committed to sustainable and responsible practices.

It is in the above-described context in which green bonds emerged. Green bonds
are a type of bond similar to conventional bonds with the additional feature that the
financing obtained must be used to finance or refinance green investments (Maltais and
Nykvist 2020). The issuance of green bonds therefore implies a company’s commitment to
sustainable development.

In the financial literature, there is no consensus regarding the effects of a green bond
issuance on the issuer’s share price. A first hypothesis suggests that the market would
react positively to the announcement of a green issuance, reflecting a positive evolution of
the economic model of the issuer in the long term. In line with the environmental policies
of regulators, with less exposure to environmental risks and greater attractiveness from
green investors, the company is viewed as entering a positive dynamic with more stable
and profitable activities in the long term.

A second hypothesis suggests the opposite. Indeed, the announcement of the use of a
new instrument, in particular to finance a transition perceived, by investors, as an activity
focused on sustainable development, could be interpreted as a source of uncertainty. Such
a consideration could therefore lead to a downward revision of profitability projections,
with a negative reaction from the market.

To examine the market reaction to the announcement of a green bond issuance, pre-
vious studies considered cumulative abnormal returns (CARs), defined as the difference
between realized returns and equilibrium returns estimated by theoretical models. The
CAR around the announcement date of green bond issuances is, on average, significantly
different from zero.

The major difficulty that arises when studying this market is that of data. During the
first years of its development and still today, most players (commercial banks, institutional
investors, etc.) have built their own databases.

In our study, our main objective is to analyze the impact of green bond issuance on the
stock market. We use a dataset of 29 companies, located in various countries worldwide,
that made 124 green bond issuance announcements between 2010 and 2022. By leveraging
our financial map and using clusters, we carefully examined various price fluctuations.
We found that these fluctuations, whether upward or downward, are not only influenced
by the green criterion but also by other factors such as the company’s size, the substantial
amount of its issuance, the total number of issuances, and its geographical location, as
certain countries play a crucial role in the green bond market. Additionally, elements like
the country’s GDP (Gross Domestic Product) and the corruption index can also have a
significant impact on these fluctuations.

This article contributes to the existing literature on several aspects. It provides added
value to the existing literature and sets out all the theories constituting the theoretical
underpinning of this subject. The relationship issuance of green bonds/reaction of stock
markets is also studied through factors linked to the characteristics of the issuing companies
(size and level of debt), through the characteristics of the issue (volume), and by involving
macroeconomic variables (GDP growth rate) and links to governance (corruption index).

One of the main contributions of our paper is the use, for the first time in research
work on green bonds, of the MDS method, which is a machine learning technique. This
method goes far beyond the classic approach of multiple regressions or even classic event
studies. We implement this method because of its ability to rank companies with big data.

This paper is divided into four sections. Section 2 presents the theoretical background,
the literature review on market reaction to the announcement of the green bond issuance,
and the research hypotheses. Section 3 explains the methodology and data employed in this
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study. Section 4 outlines the empirical results. Finally, Section 5 concludes with suggestions
for future research.

2. Theoretical Background, Literature Review, and Hypotheses Development
2.1. Theoretical Background

In order to explain the relationship between green bond issuance and market reaction,
we need to return to our theoretical framework, which is based on the mobilization of three
theories: signaling theory, agency theory, and stakeholder theory.

2.1.1. The Signaling Theory

Signaling theory provides a suitable theoretical framework for understanding the
notion of informational asymmetry between bond issuers and investors. Indeed, issuers
hold information that investors do not, so the latter depend on signals emitted by issuers
to deduce the quality of the company (Stiglitz 2000). The “green” label affixed to bonds is a
vector of information that signals to investors the company’s willingness to implement a
sustainable strategy that respects the environment and is efficient at the same time. This
label increases demand for the bond, thereby lowering the cost of capital.

Credible signals enable investors to distinguish high-quality or well-performing com-
panies from lower-quality ones, instilling confidence in their intentions and performances.
Applying signaling theory to the context of green bonds, companies truly committed to
environmentally friendly practices (high-quality companies) can differentiate themselves
as greener by self-selecting for certification or listing on a green exchange, which requires a
higher cost and greater effort than standard green bond issuance.

According to Erhart (2018) and Kapraun et al. (2021), green exchanges offer greater
visibility for listed bonds. As a result, it would be easier for environmentally conscious
investors to find bonds that suit them. Flammer (2018) showed that green bonds enhance
firms’ financial and environmental performance while being used as an environmental
performance signaling tool. This approach is likely to gain credibility for various reasons.
Firstly, they commit to allocating significant amounts to ecological projects, implying a
substantial financial investment on their part, showcasing their willingness to support
environmentally favorable initiatives. Investors may interpret this financial commitment as
a credible signal of the company’s intention to promote sustainable practices.

Empirical studies have shown a significant positive reaction in share prices following
the announcement of a company’s green bond issuance. Shareholders often see this type
of financing as value-creating, as funds from green bonds are used for profitable projects
or as a means of risk management able to attract investor attention, raise awareness of
sustainability issues, and reduce borrowing costs for the issuing company or entity (Tang
and Zhang 2020; Wang et al. (2020); Flammer 2021; Laborda and Guerra (2021), as well as
Verma and Bansal (2021) and Camacci (2022); Pamungkas et al. 2023).

The rise of the green bond market is linked to the Paris Agreement and growing
awareness of environmental urgency. Investors are looking for investment opportunities
aligned with sustainable objectives that have contributed to the strong expansion of the
green bond market. Issuing green bonds can signal to the market that the issuing company
or entity is committed to environmental and social sustainability, which can increase
investor attention and positive sentiment towards the company’s actions (Ahmed et al.
2023). Moreover, issuing green bonds can help raise awareness of environmental and
social issues among investors and the market as a whole. This can lead to a demand
for sustainable investment opportunities, which, in turn, can drive up the price of stocks
deemed environmentally and socially responsible (Glavas 2019). This is particularly true
for investors who prioritize sustainability issues in their investment decisions (Fan et al.
2023). Yang (2024) reveals that Apple Inc.’s involvement in green bonds strengthens its
corporate image and attracts investors sensitive to social and environmental issues. Issuing
green bonds can also help to reduce the cost of capital for the issuing company or entity.
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Flammer (2021), Fatica and Panzica (2021), and Yeow and Ng (2021) have analyzed
whether the issuance of green bonds has been used for greenwashing purposes, that is,
to make it appear that the company is more environmentally aware than it really is, or
whether companies are really sending a credible signal to their stakeholders regarding
their environmental commitment. The results obtained support the signaling argument,
especially when the issuances have certifications attesting to the “greenness” of the bond.
Secondly, green bonds are often verified by independent organizations. These verifications
ensure that the funds collected through these bonds are genuinely used to finance the
ecological projects described in the bond-related documents. This transparency enhances
the credibility of the signal sent by the company, as investors can trust that the funds will
be used in accordance with the declared environmental objectives. With this in mind, Zirek
and Unsal (2023) assessed the credibility of green bond certification, as well as its relevance
and legitimacy as a signaling tool. They show that certification is sufficiently rigorous to
guarantee that the capital raised by issuing green bonds actually finances environmentally
friendly projects, which could enhance transparency.

2.1.2. The Agency Theory

The works of Fama and Jensen (1983) as well as Jensen and Meckling (1976) have
laid the foundations of agency theory. These authors have brought to light the inherent
challenges in managing companies where executives act as agents on behalf of sharehold-
ers, the owners of the company. This agency relationship creates a potential conflict of
interest, as executives may be tempted to prioritize their personal interests over those of
the shareholders. This is where the board of directors comes in as an essential governance
body responsible for overseeing the actions of executives and ensuring they act in the best
interests of the company and its shareholders.

According to Masulis and Reza (2015), corporate use of CSR strategies is aligned with
the interests of managers, not shareholders. Funds allocated to CSR practices (often in the
form of donations) are often used to protect the interests of CEOs and suggest misuse of
company resources and a reduction in their value. Barnea and Rubin (2010) argue that
top managers tend to over-invest in CSR activities to enhance their reputational capital,
particularly as “good citizens”. Issuing green bonds can be considered a CSR activity.
Glavas (2022) uses agency theory to explain the use of green bonds. His results suggest that
agency motive is a key determinant of the decision to issue a green bond. Top managers
use green bond issuances to signal their commitment to the fight against global warming,
and their desire to be seen as “good” corporate citizens.

Based on these findings, companies with agency problems are the ones most likely
to issue green bonds. In other words, if a company suffers from agency problems, its
managers may be tempted to issue a green bond to reinforce their image as “good citizens”.
The managers and shareholders of the company issuing green bonds benefit from a positive
investor response but claim that the investment costs always exceed this positive response.
Indeed, issuing green bonds entails additional costs compared with conventional bonds
for a given bond issuer. Caramichael and Rapp (2024) studied a global panel of green and
conventional corporate bonds to assess the borrowing cost advantage at issuance for green
bond issuers. They found that, on average, green corporate bonds have a yield spread
that is between 3 and 8 basis points lower relative to conventional bonds. According to
them, this borrowing cost advantage, or “greenium”, is related to the pressure at issuance.
These costs are also linked to the additional auditing and reporting work dictated by the
international guidelines accompanying the issuance of green bonds.

In support of the agency’s motive, issuing green bonds involves additional costs and
risks, and could therefore lead to a misallocation of investor funds. For example, managers
may display a greater inclination to fund green projects, even if these projects have negative
net present value or are less favorable compared to non-green projects. For companies
with agency problems, management may decide to issue green bonds in order to reassure
investors about the company’s allocation of funds and its willingness to align itself with
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their interests, despite the additional costs involved in issuing green bonds. In this case,
issuing green bonds is a partial remedy to agency problems.

Glavas and Bancel (2019) have shown that agency issues play an important role in
green bond issuance. Their research identifies key indicators linked to agency issues,
such as the size of the board of directors, the value of floating shares relative to market
capitalization, and the ratio between supply and demand for shares. The market price and
the bid–ask spread influence the decision to issue green bonds. Buchanan et al. (2018) have
shown that there is a significant negative correlation between ESG/CSR indicators and
Tobin’s Q. They concluded that when agency problems are greater, the costs associated with
companies’ overinvestment in ESG/CSR indicators are even higher, leading to a decrease
in the value of companies with higher ESG/CSR scores.

Issuing green bonds to solve agency problems can have a negative impact on com-
pany value, harming shareholders’ interests and reducing the company’s overall financial
performance.

Agency theory is one of the most important theoretical underpinnings around which
our paper is structured. We aim to better understand how the issuance of green bonds
constitutes a means of managing agency relations between shareholders and management,
and how the market reacts to this signal.

2.1.3. The Stakeholder Theory

The stakeholder theory, formulated by Freeman in 1984, revolutionizes the traditional
conception of the role of the board of directors within a company. In contrast to the
classical approach, which focuses solely on shareholder value maximization, this theory
emphasizes the idea that companies have a responsibility to balance the interests of all
stakeholders involved, including employees, customers, suppliers, local communities, and
the environment. This result can be explained by the company’s ability to integrate itself
into a social investment policy and to respond to its major concerns towards its stakeholders.
A socially responsible company is expected to record above-average profits. These results
confirm the good management hypothesis (Freeman 1984; Fikri 2015).

A concrete example of the application of this theory can be found in the adoption
of environmental strategies. Modern companies increasingly recognize the importance
of environmental sustainability and integrate eco-friendly practices into their operations.
This goes beyond merely creating value for shareholders, as these strategies consider
environmental issues and aim to minimize the ecological impact of the company.

The role of the board of directors is crucial in this context, as it is tasked with develop-
ing sustainable policies that take into account the long-term interests of both executives
and stakeholders. According to this point of view, the board of directors should improve
relationships between the company and its stakeholders and develop sustainable policies
by aligning the long-term goals of managers and stakeholders (Michelon and Parbonetti
2012). This involves aligning the company’s objectives with those of stakeholders to create
a mutually beneficial relationship and ensure the long-term viability of the company.

2.2. Literature Review and Hypotheses Development
2.2.1. Literature Review on Market Reaction to the Announcement of the Green
Bond Issuance

The announcement of a green bond issuance is seen as a positive signal, prompting
stock markets to react. According to the semi-strong form of the efficient market hypothesis
efficient market, new public information is continuously incorporated into the share price.
Consequently, any change in the share price suggests that an event has taken place. This
event may be the issuance of green bonds and may alter the value of the company (Par-
lour and Rajan 2020). Baulkaran (2019), defines green bonds as a value-added financing
instrument for shareholders. The stock market reacts positively to the announcement of a
green bond issuance if it creates value for the company. This value creation takes the form
of reduced costs, lower environmental impact, and improved performance. This positive
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effect is more pronounced for certified bonds (Flammer 2021). Pham and DucHuynh (2020)
study the elements that determine the performance of green bond markets. Their studies
highlight investor attention as measured by the daily Google search volume index. Piñeiro-
Chousa et al. (2021) analyzed the influence of social networks on investor sentiment. They
reported that social networks provide investors with useful information that they take
into account in the green bond issuance decision-making process. Tolliver et al. (2020)
use a structural equation model on panel data from green bond issuances in 49 countries.
They analyze the impact of factors such as the size of the economy, trade openness, capital
account, and distance from the equator on the size of green bond issuance. These elements
lead to the development of the government bond market, while the control of corruption
and the quality of the bureaucracy are determining factors for the development of the green
bond market (Eichengreen and Luengnaruemitchai 2004). Banga (2019) argues that the
detractors of conventional bond issuance are similar to those of the green bond mission.
Also, the commitment of political decision-makers to climate issues and environmental
problématqiiues are key determinants of the development of the green bond market in
different countries.

Chiesa and Barua (2019) show that coupon, rating, the issuer’s sector, and financial
situation influence the size of the green bond issuance. Anh Tu et al. (2020) studied the
factors behind green bond issuance. Their study shows that legal infrastructure, interest
rates, and economic stability have a significant impact on the amount of green bonds issued
on the markets. It is also worth noting that green public policies and the issuance of green
bonds by the government are considered a win–win solution for the development of this
market (Monasterolo and Raberto 2018).

Wang et al. (2020) and Zhou and Cui (2019) show that the issuance of green bonds
impacts both share prices and the value of derivatives held on these shares. Glavas (2019)
examined the reaction of U.S. stock prices to green bond issuance, analyzing 780 bonds,
both green and conventional. Results showed that green bond announcements generated a
more significant and lasting positive reaction in financial markets compared to conventional
bonds. The study highlighted the positive impact of global environmental goals, such
as the Paris Agreement, and noted that political events like presidential elections could
influence investor perception. Baulkaran’s study (Baulkaran 2019) revealed positive and
statistically significant abnormal returns around the announcement of green bond issuances
by European companies. The 21-day CAR suggested that green bonds were perceived as
value-creating instruments for financing growth and managing risks. Anggraeni et al. (2019)
illustrated the effect of green bond issuances on the Indonesian stock market, focusing
on 16 listed banks from 2013 to 2017. The study employed descriptive and quantitative
approaches, utilizing event study methodology.

Results indicated that announcements of green bond issuances, dividends per share,
net interest margin, and exchange rates had a significant positive impact on stock prices,
while factors such as non-performing loans, debt-to-equity ratio, and central bank interest
rates had a negative influence. Kuchin et al.’s study (Kuchin et al. 2019) emphasized the
market’s reaction to green bond issuances and whether this reaction was influenced by
green certification. Using data from 95 bonds issued by 17 issuers globally, the study
confirmed a positive market reaction, leading to increased valuation for issuing companies.
However, the presence of a green label alone did not guarantee a positive market response;
it depended on various factors such as capital structure and leverage.

Wang et al. (2020) studied the impact of sustainable bond issuance by Chinese com-
panies on debt financing costs and stock market reactions. Using a sample of 159 bonds,
including corporate green bonds and enterprise green bonds, they found a positive effect
on the cost of debt for sustainable bond issuers. Market reactions indicated positive returns
at the announcement, suggesting investor favorability towards sustainability initiatives.
Wang’s study in 2020 focused on Chinese companies’ green bond issuance impact on stock
performance and market attention. Analyzing 767 green bond issuances from 2011 to 2019,
the study revealed a significantly negative impact on stock returns, particularly in the
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A-share market. Investors’ attention did not result in excessive market reactions, indicating
potential challenges and lower awareness of green bonds in mainland China. Tang and
Zhang (2020) emphasized the benefits of green bonds for shareholders, analyzing 1510
green bonds issued in 28 countries between 2007 and 2017. The study found positive stock
returns for existing shareholders, increased institutional ownership, and improved stock
liquidity associated with green bond issuances. Investors exhibited a heightened interest in
companies’ environmental activities when making investment decisions.

Laborda and Guerra (2021) focused on evaluating the influence of green bond issuance
on European company stock prices. Analyzing 134 green bonds issued between January
2007 and December 2019, they found that stock prices remained stable before the announce-
ment but experienced a significant increase after. The positive effect persisted for three
days on average, with a cumulative abnormal return (CAR) reaching 0.28%. This contrasts
with traditional capital increase announcements, where stock prices typically decline. Xi
and Jing (2021) explored the impact of environmental bonds on the stock prices of Chinese
companies listed in Shanghai and Shenzhen between 2016 and 2018. Results indicated
a positive effect on stock prices, particularly for companies issuing green bonds for the
second time. Increased investor attention towards sustainable initiatives contributed to the
positive market response. Lebelle et al. (2020) investigated market reactions to green bond
announcements by examining a sample of 475 bonds from 145 issuers between 2009 and
2018. Surprisingly, the study found a negative market reaction to green bond announce-
ments, indicating that investors interpreted them as signals of uncertainty regarding the
future profitability of issuing companies. The negative reaction was more pronounced for
first-time issuances and in developed markets compared to emerging markets.

Verma and Bansal (2021) conducted the first study on the impact of green bond is-
suance on stock returns in the Indian context. Using secondary data from six companies
in the banking and financial sector, they employed an event study methodology to com-
pare performance before and after green bond issuance. Results showed a significant
positive impact on stock returns for most studied companies, reversing negative trends
before issuance.

Cioli et al.’s analysis (Cioli et al. 2021) focused on global companies’ stock price reac-
tions to environmental bond issuances from 31 January 2013 to 1 September 2019. Investors
responded positively, especially to the first-time issuances, although the positive reaction
diminished for subsequent issuances. The study emphasized the importance of continuous
innovation and improved environmental performance for attracting environmentally fo-
cused investors. Flammer’s exploration (Flammer 2021) of 1189 international green bond
issuances between 2013 and 2018 revealed positive market impacts. The announcement of
green bond issuances positively affected stock prices, especially when bonds were certi-
fied by third parties or represented a company’s initial green bond issuance. Companies
improved their environmental performance, attracting long-term investors interested in
environmentally friendly initiatives. Chen et al. (2022) conducted a comparative analysis
of mainland China and Hong Kong stock market reactions to sustainable financial instru-
ments’ issuance. The study, based on 82 unique green bond announcements from 2016 to
2019, found a generally positive market response, influenced by factors such as the issuing
company’s sector, environmental commitment, and bond characteristics.

Recently, in Fan et al.’s research (Fan et al. 2023), a sample of 2160 Chinese green
bonds issued between January 2016 and February 2022 was analyzed using an event
study methodology. Short-term impacts included positive market reactions during an-
nouncements, particularly for first-time issuers. Long-term effects involved improved
environmental disclosure and increased attraction for environmentally conscious investors.
Birindelli et al.’s study (Birindelli et al. 2023) focused on the market reaction to COP26,
analyzing stock prices of 7587 companies from carbon-intensive sectors across China, the
U.S., the EU, and India. Results showed that stock prices reacted based on expectations of
climate policies, with strict policies leading to the depreciation of stocks for highly polluting
companies and lenient regulations resulting in positive valuations. Wang (2023) assessed
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the impact of corporate green bonds on the Chinese stock market, investors’ reactions, and
the cost of capital. Analyzing 174 green bonds from 78 companies, the study found posi-
tive market reactions upon announcement, with institutional investors showing increased
interest. The absence of a significant premium suggested that investors did not overvalue
green bonds compared to other bond types.

Khurram et al. (2023) highlighted the tangible impact of green bond issuance on com-
panies’ performance and market value in China. Using a differences-in-differences model
and analyzing data from 2016 to 2020, the study found that green bond issuance positively
affected companies’ innovation performance and increased their long-term market value.
Dumlu and Keles (2023) explored the immediate effects of green bond issuances on Turkish
companies’ stock returns, focusing on 11 announcements from nine companies. The study
found immediate positive effects on stock prices, aligning with global trends and reflecting
the growing importance of green finance in the Turkish financial context.

2.2.2. Hypotheses Development

This study focuses on the impact of green bond issuance on the stock market. The
analyzed literature highlights a growing interest in the use of these sustainable financing
instruments. Green bond issuance can impact stock market reactions in a number of ways
(Wang 2020).

Our study involves the development of six hypotheses.
Signal theory explains how green bond issuers use these instruments to send a pos-

itive signal to investors. By issuing green bonds, companies show their commitment to
sustainable development, which can reduce perceived risks and encourage responsible
purchasing behavior.

Based on the same signaling theory, Lebelle et al. (2020) suggest that these green
bond issuances may also have a negative impact on stock prices. Their study suggests
that investors often interpret these announcements as signals of uncertainty regarding the
future profitability of issuing companies.

The market’s reaction to the green bond issuance can also be viewed from the angle of
a second theory, that of agency theory. Returning to the framework of agency theory, we
find that the issue of green bonds helps to resolve agency problems between shareholders
and management. For companies with agency problems, management may decide to issue
green bonds in order to reassure investors about the company’s allocation of funds and
its willingness to align itself with their interests, despite the additional costs involved
in issuing green bonds. In this case, issuing green bonds is a partial remedy to agency
problems. Issuing green bonds to solve agency problems can have a negative impact
on company value, harming shareholders’ interests and reducing the company’s overall
financial performance.

According to the prism of stakeholders’ theory, issuing green bonds can be seen as
a response to their expectations regarding a company’s sustainability and environmental
responsibility.

By issuing regular reports and certifications issued by third parties, green bonds
reduce information asymmetry and strengthen transparency (Hyun et al. 2020). This leads
to an increase in the trust of stakeholders and the strengthening of the reputation and
image of the company which has actively adopted CSR practices (like issuing green bonds).
According to Tang and Zhang (2020), the trust of all stakeholders has a positive impact on
the value of the company and leads to a favorable reaction from the stock markets.

Another theory that allows us to better understand the market reaction following the
issuance of green bonds is the greenwashing hypothesis. According to this theory, com-
panies announce their issuance of green bonds to signal that they support environmental
and climate policies, even if they have no serious intention of financing green projects.
According to the greenwashing hypothesis, announcing a green bond issuance would not
lead to a rise in a company’s shares.
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The first version of the greenwashing hypothesis maintains that the stock market
simply ignores the announcement of a green bond issuance and that this does not induce
any reaction from the stock markets. A second version of the greenwashing hypothesis
suggests that the stock market reacts negatively to the announcement of a green bond
issuance because it indicates that management is in no way interested in dealing with
the operational, financial, and regulatory requirements of their companies (Bhagat and
Hubbard 2022). According to Bebchuk and Tallarita (2020), leaders could legitimately
claim that they are focused on employees, customers, or the environment rather than the
long-term value of the company.

Flugum and Souther (2021) note that some executives publicly embrace ESG policies
to cover up their poor financial performance. When managers do not achieve the expected
benefits, they take refuge in CSR practices. On the other hand, when they achieve their
objectives, they do not apply CSR strategies and do not communicate around ESG dimensions.

In short, green bonds are a way for issuers to finance green projects while meeting
growing investor demand for responsible investment. Their success depends on investors’
confidence in the sincerity of issuers and the ability of the projects financed to generate a
positive impact on the environment and society.

In short, green bond issuance can have a positive impact on stock market reaction
however, the exact impact on the share price can depend on a variety of factors, including
market conditions, company performance, financial leverage GDP growth, the gover-
nance indices. . .

Therefore, we formulate our first hypothesis as follows:

H1: A positive stock market reaction is recognized when a company announces a green bond is-
suance.

The first hypothesis provides answers to the general question we are addressing,
which is to test the impact of green bond issuance on stock markets. Hypotheses 2 to 6 seek
to answer what the characteristics of the company and the green bonds are that affect the
degree of stock market reaction.

Previous research indicates that issuing these bonds creates value in the form of
abnormal returns, as people appreciate signals of environmental commitment. Very little
research has taken into account variables such as company size and bond size. These two
variables can have an impact on the way stock markets react to green bond issuances.

The issue volume of green bonds corresponds to the size of the bonds divided by the
company value. This variable allows us to examine whether the market reaction varies
with the relative size of the issue, and then to detect the sense and amplitude of this
variation. The reasoning behind this approach stems from the theoretical frameworks of
greenwashing and signal theory. These theories state that the issuance of a large amount of
green bonds may indicate that the company is more committed to green projects, and the
issuance of a small amount may suggest that the company is just concerned with its brand
image, without having any real interest in green financing issues.

Relative bond size is important because it conveys a signal about the authenticity of a
company’s environmental commitment. Issuing a large volume of green bonds could now
mean that a company is more committed to tackling the environmental challenges we face
today. On the other hand, a low volume of issuance could indicate that the company is
using green bonds as a marketing strategy and greenwashing tool.

Chiesa and Barua (2019) assert that the volume of green bond issuance is positively
correlated with the issuer’s financial position and credit rating, the coupon rate and avail-
ability of collateral, and the sector in which the issuer operates. These characteristics point
to a growing demand for green bonds. They are seen as reliable and yielding returns
for investors. This facilitates high-volume issuance, leading to a positive reaction from
stock markets.
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Lebelle et al. (2020) found that there is no significant relationship between the size of
green bond issuance and the market reaction.

As far as the signal theory is concerned, a company can signal its social and environ-
mental commitment by issuing a very large volume of green bonds. The larger the amount,
the more the company is perceived as a good corporate citizen, committed to CSR practices.
The same effect is expected if we apply agency theory. To this end, the issuance of a large
volume of green bonds can be perceived by the market as a signal and vector of the issuer’s
willingness to reduce conflicts of interest between managers and shareholders. However, if
this signal is not credible, the opposite effect will be recorded, and we can expect a negative
correlation between the size of the green bond issuance and market reaction. The impact
on the markets therefore depends on investors’ confidence in the signals sent by the issuer
and its ability to align its interests with those of its shareholders. In a more global sense, the
volume of green bond issuances is a signal interpreted and decoded by all stakeholders.

Thus, our second hypothesis is as follows:

H2: The markets react positively when a company announces the issuance of a large amount of
green bonds.

In their study, Lestari et al. (2023) uncovered significant influences on stock returns,
noting that earnings per share (EPS), debt-to-equity ratio (DER), and firm size play pivotal
roles. Similarly, Baulkaran (2019) revealed intriguing insights, illustrating a positive corre-
lation between firm size, Tobin’s Q, and growth with cumulative abnormal returns, while
observing a negative association between operating cash flow and cumulative abnormal
returns. These findings contribute valuable nuances to the literature on stock market
dynamics and investment strategies. Yuliarti and Diyani (2018) found that firm size, return
on equity, current ratio, as well as cash flow from operating and investing activities, did
not have a significant effect on stock return. Furthermore, Akbar et al.’s study (Akbar et al.
2024) on green bond issuance and its impact on G7-listed firms found a positive correlation
with shareholder wealth maximization, spanning from January 2015 to August 2022. Their
research supports the notion that adopting sustainable financing practices like green bonds
can enhance firm value while aligning with environmental goals.

According to Chen et al. (2023), the positive correlation between green bond issuance
and corporate ESG performance is more prominent among companies with larger sizes.
Firm size can influence ESG scores (Drempetic et al. 2019).

Accordingly, we formulate the following third hypothesis:

H3: A positive stock market reaction is observed for large companies announcing the issuance of
green bonds.

The literature reveals that the efficacy of green bond issuance goes beyond the mere
presence of a green label, as underscored by Kuchin et al. (2019). Additional company-
specific variables, such as leverage and capital structure, play pivotal roles in determining
its positive impact. Moreover, Anggraeni et al. (2019) investigated the Jakarta stock ex-
change context and identified several key factors influencing stock prices. They observed
that announcements regarding corporate bond issuances, dividends per share, net interest
margin, and exchange rate fluctuations between the Indonesian rupiah and the US dollar
were associated with significant and positive stock price movements. Conversely, vari-
ables such as non-performing loans, debt-to-equity ratio, capital adequacy ratio, Bank of
Indonesia interest rates, and inflation exhibited significant negative effects on stock prices.

Tannady et al. (2023) explored how profits, debt, growth, and stock prices impact
property companies on the IDX. It found that profits and growth contribute positively
to company value, while debt levels significantly influence both stock prices and overall
company worth.

In line with the above proposals, we formulate the following hypothesis:
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H4: A positive stock market reaction is observed when a company with high financial leverage
announces a green bond issuance.

Fichtner and Joebges’s (2024) study investigates the relationship between stock indices
and real economic activity from 1991 to 2019, addressing potential reasons for their decou-
pling. Findings suggest that a permanent one-percent change in stock prices is associated
with a modest 0.2 percent long-run effect on GDP, materializing within two to three years,
though less pronounced and slower for non-Anglo-Saxon economies and during stock
price decreases. In contrast, Patatoukas (2021) delves into the interplay between stock
returns and economic growth news. Despite thorough investigation, the study finds the
correlation between these factors to be statistically insignificant.

According to Tolliver et al. (2020), the capacity to issue green bonds is positively corre-
lated with the size of the economy. Presbitero et al. (2016) show that the higher the GDP per
capita, the more frequently the government will tend to issue green bonds. Glomsrod and
Wei (2018) confirm that the use of green financing contributes to strengthening economic
growth, as is the case in the European Union.

Thus, we formulate the following hypothesis:

H5: The markets react positively when a company belonging to a country with high GDP growth
announces a green bond issuance.

Chowdhury et al. (2023) conducted a comprehensive examination of the relationship
between corruption and stock market development across various countries. Their findings
reveal that while corruption does not exhibit a significant impact on stock market develop-
ment universally when stratifying the data into high-income (developed) and low-income
(developing) countries, a noteworthy correlation emerges. Specifically, in high-income
countries, lower levels of corruption are associated with higher stock market capitalization
relative to GDP. Contrarily, Aljazaerli et al. (2016) uncovered a contrasting trend in their
investigation, indicating a positive influence of corruption on stock market development,
particularly in terms of market capitalization. This insight suggests a potential role for
corruption in facilitating economic transactions and aiding private enterprises in navigating
bureaucratic hurdles within GCC (Gulf Cooperation Council) nations, thereby fostering
stock market growth.

Furthermore, Lin et al. (2016) contributed to the literature by analyzing the impact of
misconduct by US-listed foreign firms from perceived corrupt countries. Their research
underscores a negative investor reaction towards similar companies within the same coun-
try, particularly impacting smaller firms, non-dividend payers, and those not audited by
top-tier auditing firms. Interestingly, this adverse reaction diminished following the enact-
ment of the Sarbanes–Oxley Act in 2002, suggesting a regulatory intervention mitigating
investor concerns regarding misconduct-associated risks.

The sixth hypothesis is formulated as follows:

H6: The markets react positively when a company belonging to a country with high control of
corruption announces a green bond issuance.

3. Methodology and Data
3.1. Methodology

Multidimensional Scaling (MDS) is a data analysis technique designed to visually
capture distinctions between pairs of objects. MDS achieves this by mapping data into
a multidimensional space. This abstract space is characterized by multiple dimensions,
with each dimension aligning with the variables or features utilized to describe individual
objects or groups.

The objective of MDS is to reduce the number of dimensions while preserving the
relationships or similarities between objects. This facilitates the visualization and under-
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standing of underlying structures in the data. In this multidimensional space, it is crucial
that the distance between objects optimally reflects the original measures of similarity or
dissimilarity. As a result, similar objects are positioned close to each other, while dissim-
ilar objects are positioned farther apart. This technique was developed in the 1930s by
psychologists seeking to understand how individuals perceive and evaluate differences
between objects. Originally, MDS was based on the distance formula, modeling perception
and judgment by assuming that individuals form a mental representation of objects in a
psychological space generated by subjective attributes.

The widespread adoption of MDS occurred in the 1950s and 1960s, particularly by
statisticians analyzing dissimilarity data in fields such as psychology, sociology, geography,
and biology. The evaluation of the fit of an MDS solution relies on the stress value, a
measure of fit where a value close to zero indicates a perfect fit and 1 indicates the worst
possible fit.

To measure dissimilarities between objects, the Euclidean distance formula is em-
ployed. The Euclidean distance (dij) between objects i and j in a p-dimensional space is
defined as follows:

dij =
√

∑p
r=1

(
xir − xjr

)2

where xir represents the coordinate of object i in dimension r of the p-dimensional space,
and xjr represents the coordinate of object j in the same dimension. The formula calculates
the Euclidean distance by taking the square root of the sum of the squares of the differences
between the corresponding coordinates of the two objects in all dimensions.

In our study, we apply this approach to categorize the 29 companies in our sample
based on their responses to green bond issuances. In other words, we aim to group these
companies based on their return fluctuations using this method to create a financial map.

Our objective is to obtain a graphical representation with the smallest possible number
of dimensions. To achieve this, we utilized PROXimity SCALing, also known as the
PROXSCAL procedure in IBM-SPSS version 27. This technique reduces the normalized
raw constraint, providing a more precise approximation of distances between input data
(Nobbir and Harvey 2007; Khiari and Nachnouchi 2018).

Unlike other MDS methods, our approach relies on an iterative up-weighting algo-
rithm, which facilitates resolution and enhances the efficiency of the results obtained.

Our study encompasses two dimensions. The first examines the variation in stock
market return before the issuance announcement, while the second focuses on the variation
in stock market return after the issuance announcement. We analyze the return behavior of
issuing companies over a 60-day window, divided into two parts: the 30 days preceding
the issuance date and the 30 days following the issuance date.

3.2. Data and Descriptive Statistics

The initial sample included 163 companies that issued green bonds between 2010 and
2022, originating from various regions worldwide and operating across a diverse range of
industries. However, due to crucial missing data such as total debt, total equity, and total
assets, a number of companies had to be excluded from the sample, reducing it to 49 global
green bond issuers. Among these 49 companies, it was not possible to trace the historical
actions of all companies at their issuance date. Consequently, our final sample was further
reduced to 29 companies that made 124 green bond issuance announcements between 2010
and 2022.

These companies are distributed across three continents: the Americas (Canada, Brazil,
United States, and the Cayman Islands), Asia (Japan, South Korea, Turkey, India, Hong Kong,
Taiwan, China, and the United Arab Emirates), and Europe (the Netherlands and Austria).
The companies operate in various sectors, primarily including the banking sector, real estate,
renewable energy, corporate financial services, and photovoltaic solar equipment.

As shown in Table 1, our research data were obtained from the Eikon Refinitiv datas-
tream, Yahoo! Finance, investing.com, and the World Bank website.
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Table 1. Variable definitions.

Variable Description Source

Stock market
return variation

Involves the fluctuations in stock market returns.
Concerns the daily fluctuations in stock market returns, specifically the return

from day j minus day j − 1 divided by the return from day j − 1, multiplied by 100.
Percentage Change = (Return t − Return t − 1/Return t − 1) × 100

Yahoo! Finance and
investing.com

GB issuance Represents a binary variable set to 1 when the company issues green bonds and 0
otherwise, from 2010 up to 2022. Eikon Refinitiv datastream

GB issuance
amount

Represents the total amount of green bonds issued by a company, encompassing
both currently issued bonds and those issued in the past, from 2010 up to 2022. Eikon Refinitiv datastream

Size The size of the company is calculated by taking the logarithm of total assets. Eikon Refinitiv datastream

Leverage Determined by dividing the total amount of debt by the total value of the
company’s equity. Eikon Refinitiv datastream

GDP growth
An indicator of economic growth for a country or region calculated using the

following formula:
(Current-year GDP − Previous-year GDP)/Previous-year GDP × 100

World Bank website

Control of
corruption

An index measuring levels of corruption within an organization or a country. A
score closer to 0 corresponds to more corruption and a score closer to 100 to

less corruption.
World Bank website

3.3. Variables

Our study requires the use of several distinct variables. These variables assist us in
interpreting the results related to the distribution of the selected companies based on their
reactions following the announcement of the green bond issuance.

Our aim is to determine the explanatory factors, whether financial or otherwise, that
influence return behavior. The Table 2 below presents the variables related to the specific
characteristics of companies included in our study.

Table 2. Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max

Stock market return variation 105 0.001 0.023 −0.105 0.081
GB issuance amount 403 2.371 6.419 0 3010

GB issuance 403 0.122 0.327 0 1
Size 403 19.116 10.668 18.481 29.068

Leverage 403 1.733 3.385 −5.452 32.757
GDP growth 363 0.964 0.893 −3.738 2.528

Control of corruption 403 0.887 0.815 −1.091 2.091

4. Empirical Results
4.1. Financial Map

By analyzing our financial map (see Figure 1 below), we observed the presence of
extreme points located at a significant distance from the points grouped in the same area of
this space.

These extreme points are as follows:

• VAR 14 represents Jinko Power Technology Co., Ltd.
• VAR 7 represents Brazilian Development Bank
• VAR 9 represents Enphase Energy Inc.
• VAR 22 represents Regency Centers LP
• VAR 5 represents Avangrid Inc.
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When analyzing the charts illustrating the variations in return for these five companies,
one month before and one month after the issuance announcement, the following can
be observed1:

For the “Brazilian Development Bank” (VAR 7), a significant increase is observed
immediately after the issuance date, followed by a marked decline after the sixth day.
However, there is a subsequent short-term recovery.

For “Jinko Power Technology Co., Ltd.” (VAR 14), “Enphase Energy Inc.” (VAR 9),
and “Regency Centers LP” (VAR 22), a short-term decline is noted, followed by a moderate
recovery in their stock prices in the days following the issuance. In the case of “Avangrid
Inc.” (VAR 5), short-term fluctuations, both rising and falling, are observed throughout the
27 days following the issuance date.

In summary, it can be concluded that these companies situated in extreme positions
share an upward trend whether minimal or significant. Short-term volatility appears to be a
common characteristic with periods of decline followed by recoveries indicating a complex
but generally positive dynamic for these entities. The performance of “Enphase Energy
Inc.”, “Regency Centers LP”, and “Avangrid Inc.” may be attributed to their strategic
location in the United States, a predominant region in the global green bond market, as
highlighted by the rankings from the Climate Bonds Initiative (CBI). These companies
secured the first position in 2020 and 2021 and the second position in 2022 in the CBI
rankings, corresponding to the years of their issuance. Similarly, “Jinko Power Technology
Co., Ltd.”, based in China, holds the top position in the CBI rankings in 2022, reflecting
the year of its issuance. Upon examining our data, it is evident that all these companies
generate significant emissions, which can be attributed to their solid reputation that instills
confidence in investors. Additionally, they stand out due to their large size, providing
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them with the necessary resources to actively engage in sustainable projects. This financial
and operational capacity enhances the ability of these companies to actively participate in
initiatives aimed at promoting environmentally and socially responsible business practices.

While reviewing the websites of these entities, we noted that the “Brazilian Devel-
opment Bank” officially implemented an ESG (Environmental, Social, and Governance)
responsibility policy on 24 October 2019, validated by its board of directors and approved
by its advisory board on 7 November 2019. However, it is important to note that its green
bond issuance took place in 2017, pre-dating the adoption of this policy. This chronological
sequence could explain the observed decline a few days after the issuance.

“Jinko Power Technology Co., Ltd.” positions itself as a global provider of sustain-
able energy services with a commitment to addressing environmental issues by providing
clean energy to combat climate change. In 2022, the company officially entered the wind
energy market by launching its own range of domestic photovoltaic systems. This initiative
coincides with the issuance of green bonds, explaining the evolution of its stock prices.
“Enphase Energy Inc.” has revolutionized the solar industry with its microinverter tech-
nology, offering a clean, safe, and scalable energy source. “Regency Centers LP” places
great importance on ESG values considering them fundamental to its long-term success
as indicated in its 2022 corporate responsibility report. Finally, “Avangrid Inc.” positions
itself as a leader in sustainable energy in the United States offering a diversified range of
services, thus contributing to the transition towards a more sustainable energy future.

In conclusion, the information gathered from company websites clearly reveals their
commitment to promoting sustainable practices in their operations, which could be the
cause of the upward trend in their stock prices.

When analyzing the charts of companies grouped in the same space, we observed
that at the end of the month following their issuance, there is a tendency either upward
or downward for these entities in the last days of that month. Half of these 24 companies
operate in the banking sector (12 out of 24), while the rest are distributed among renewable
energy, plastics production, and automobile manufacturing.

Many of these companies belong to countries that are among the top 20 issuers of
green bonds in 2021 and 2022, according to the Climate Bonds Initiative (CBI). Among
these countries, the United States ranked first, China third, the Netherlands seventh, Korea
eleventh, Japan thirteenth, Canada fourteenth, and Hong Kong fifteenth in 2021. In 2022,
the rankings slightly changed with China taking the first place, the United States second, the
Netherlands fifth, Japan tenth, and Canada eleventh. This significant involvement of these
countries in issuing these bonds could influence market trends due to market dynamics.

4.2. Results of the MDS Approach

The goodness-of-fit indices offered by the PROXSCAL procedure are presented in
Table 3 below:

Table 3. Goodness-of-fit indices.

Dimensionality 2

Normalized raw stress 0.08066
Tucker’s Congruence Coefficient 0.95882

The Multidimensional Scaling (MDS) analysis results for a two-dimensional represen-
tation show a generally good fit. The normalized raw stress, which measures the deviation
between the obtained configuration and the ideal one, is assessed at 0.08066, which is con-
sidered a favorable fit level as it is below the generally accepted threshold of 0.1 according
to the criteria of Kruskal and Wish (1978). Furthermore, Tucker’s Congruence Coefficient is
0.95882, indicating a remarkably high fit of the model. Tucker’s Congruence Coefficient
measures the similarity between the relative positions of objects in the multidimensional
space obtained by the model and in the real space. A value close to 1 suggests a fit close
to perfection.
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4.3. Two-Step Cluster Analysis

The Two-Step Cluster Analysis procedure in SPSS is a method used to explore cluster-
ing structures within a dataset. It stands out due to several important features compared to
traditional clustering techniques. Notably, it is distinguished by its flexibility, automation,
and scalability. Capable of handling various types of data, Two-Step Cluster Analysis auto-
matically determines the optimal number of groups. Furthermore, this method efficiently
adapts to the analysis of large datasets through the use of a clustering feature tree.

The Tables 4 and 5 present the results of the Two-Step Cluster Analysis before and
after issuance announcement. It revealed five distinct clusters, both before and after the
announcement of company issuances.

Table 4. Results of the Two-Step Cluster Analysis before issuance.

Clusters Companies N = 28

1 - Brazilian Development Bank 1

2

- Tesla Energy Operations Inc.
- AK Bank TAS
- Equinix Inc.
- LG Chem Ltd.
- First Abu Dhabi Bank PJSC
- New World China Land Ltd.
- Honda Motor Co., Ltd.

7

3

- Turkiye Garanti Bankasi AS
- Citigroup Global Markets Holdings Inc.
- Sumitomo Mitsui Financial Group

3

4

- Enphase Energy Inc.
- Adani Green Energy Ltd.
- Algonquin Power & Utilities Corp.
- Bank of China Ltd. (HK branch)
- Kia Corp.
- Toronto Dominion Bank

6

5

- PNC Financial Services Group Inc.
- Avangrid Inc.
- ING Groep NV
- Raiffeisen Bank International AG
- Renesas Electronics Corp.
- Ase Technology Holdings Co., Ltd.
- Industrial Bank Co., Ltd. (HK)
- Jinko Power Technology Co., Ltd.
- Mirae Asset Securities Co., Ltd.
- NTT Finance Corp.
- Regency Centers LP

11

To describe these different clusters, we closely examined charts showing how stock
prices of companies change one year before and after issuance. We also used our input data
to better understand the reasons behind the observed ups and downs in our entities.

It is noteworthy that only two companies, namely “New World China Land Ltd.”
and “Sumitomo Mitsui Financial Group”, have maintained their position within the same
cluster both before and after the issuance (Cluster 3). This observation holds true despite
variations in the stock prices of these companies before and after the issuance date.

In the first cluster, comprised of 18 companies spanning diverse geographic regions,
half are engaged in banking, accounting for 50% (9 out of 18) of the cluster. The rest operate
in varied sectors, with proportions distributed as follows: (3 out of 18) 16.66% in renewable
energies; (2 out of 18) 11.11% in semiconductors; (1 out of 18) 5.55% in corporate financial
services; (1 out of 18) 5.55% in real estate development and operations; (1 out of 18) 5.55% in
public services; and (1 out of 18) 5.55% in automobiles and multi-purpose utility vehicles.
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Table 5. Results of the Two-Step Cluster Analysis after issuance.

Clusters Companies N = 29

1

- Mirae Asset Securities Co., Ltd.
- Jinko Power Technology Co., Ltd.
- Renesas Electronics Corp.
- Raiffeisen Bank International AG
- Industrial Bank Co., Ltd. (HK)
- Enphase Energy Inc.
- Toronto Dominion Bank
- Adani Green Energy Ltd.
- NTT Finance Corp.
- Turkiye Garanti Bankasi AS
- PNC Financial Services Group Inc.
- Regency Centers LP
- Algonquin Power & Utilities Corp.
- Ase Technology Holdings Co., Ltd.
- ING Groep NV
- Bank of China Ltd. (HK Branch)
- Citigroup Global Markets Holdings Inc.
- Kia Corp.

18

2
- Turkiye IS Bankasi AS
- New World China Land Ltd. 2

3

- Honda Motor Co., Ltd.
- Avangrid Inc.
- AK Bank TAS
- LG Chem Ltd.
- First Abu Dhabi Bank PJSC
- Sumitomo Mitsui Financial Group

6

4 - Brazilian Development Bank 1

5
- Tesla Energy Operations Inc.
- Equinix Inc. 2

Analyzing the post-issuance market reactions to green bonds in our graphs, it is
evident that the involved companies experienced either a slight decrease followed by a
moderate increase or a short-term stagnation followed by a minimal uptick. This trend is
particularly noticeable among all companies in the cluster that have conducted between
one and three issuances, except for two companies, “Raiffeisen Bank International AG” and
“Kia Corp.”, which have conducted five and eight issuances, respectively.

For these two specific companies, “Raiffeisen Bank International AG” and “Kia Corp.”,
an immediate decrease in their stock prices is observed after the first three issuances. Upon
analyzing our data to determine explanatory factors for this decrease, it is notable that the
corruption indices of the countries to which these companies belong (Austria and Korea)
are high.

During the years of the issuance, Austria’s corruption index stood at 71% in 2022, 74%
in 2021, and 76% in 2020. Similarly, Korea’s corruption index was recorded at 63% in 2022
and 62% in 2021. A score close to 0 corresponds to a high level of corruption, whereas a
score close to 100 indicates a lower level of corruption.

These companies exhibit considerable scale. Regarding financial leverage, it is ob-
served that “Raiffeisen Bank International AG” has low leverage, explaining its indepen-
dence from debts, while “Kia Corp.” has high leverage, explaining its debt dependency but
this could also explain the decrease in its stock price. The perception of high indebtedness
can raise concerns among investors about the company’s ability to repay its debts, which
could contribute to the decline in its stock value. Furthermore, the GDP growth rate is
positive for both countries. It is thus plausible that the observed decrease is linked to the
substantial amount of their issuances, as shown in our data (USD 13,376,000 for “Raiffeisen
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Bank International AG” and USD 1,400,000,000 for “Kia Corp.”). This situation might have
elicited some caution among investors, who may prefer less costly and less risky projects.

Regarding the other 16 companies that experienced a decline or stagnation followed
by a moderate increase, it is worth noting that the majority of them exhibited these trends
between 2019 and 2022, during the COVID-19 pandemic. This exceptional period could ex-
plain the observed moderate decline, reflecting the uncertainties and economic adjustments
associated with the global health crisis.

In the literature, several studies have examined the impact of the pandemic on green
bonds. Hacıomeroglu et al. (2022) observed that during the pandemic, green bond yields
slightly decreased compared to conventional bonds in the primary market, while in the
secondary market, there was stronger demand for green bonds, and their yields declined
less than those of conventional bonds.

However, Jin and Zhang (2022) found that companies issuing green bonds experienced
positive cumulative abnormal returns during official announcements of the COVID-19
epidemic, primarily observed among non-financial companies.

Another study conducted by Yi et al. (2021) explored the impact of the pandemic on
the green bond market in China. Their results revealed a significant market reaction of
green bonds to the pandemic, with a notable increase in cumulative abnormal returns of
green bonds during the crisis, followed by a significant decrease after the pandemic relief.

In summary, while the results of the studies vary, they generally indicate a complex
dynamic between the pandemic and the performance of green bonds.

For the second cluster, which includes only two companies operating in the banking
sector and the real estate leasing sector, development and operation. We note fluctuations
in prices accompanied by a short-term decrease.

To better understand this reaction, an analysis of the data reveals that these companies
are of medium size but have a significant total debt. This high level of indebtedness can
be a key factor contributing to fluctuations and declines in stock prices. Another factor
that may explain this reaction is that these two companies are located in Turkey and the
Cayman Islands, where their corruption index is not high, as it is close to 0.

For instance, Turkey recorded corruption indices of 38% in 2021 and 40% in 2019,
whereas the Cayman Islands registered a corruption index of 45% in 2018, coinciding
with their issuance dates. Additionally, these companies have not issued many bonds.
“Turkiye IS Bankasi AS” has issued two bonds with significant amounts of USD 50,000,000
and USD 13,000,000, respectively, while “New World China Land Ltd.” has only issued
one bond of USD 310,000,000. This may indicate limited involvement in environmental
sustainability initiatives.

The third cluster consists of six companies from different countries operating in various
sectors. Specifically, half of these companies (three out of six) are active in the banking
sector, while the others operate in plastics, electricity utilities, as well as automobile and
truck manufacturing. A trend of increasing prices is observed in the month following their
issuances. All companies in this group have conducted between two and ten issuances,
demonstrating their ongoing commitment to environmentally friendly projects. This
consistency in environmental initiatives helps explain the upward trend in the value of
their stocks. It is also noteworthy that these companies are of significant scale, which
reinforces their commitment to the natural world.

Moreover, the levels of corruption in the countries of these companies are high, with
indices such as 63% for Korea, 73% for Japan, 69% for the USA, and 67% for the UAE, which
may also contribute to this increase. Additionally, the GDP growth rates of these countries
are positive, indicating a healthy economic environment.

The fourth cluster encompasses a single company based in Brazil, specializing in
financial services for businesses. Upon examining the graph, it becomes evident that
the company’s stock prices experienced an increase one month after issuance, with this
trend persisting for the following three months. This growth could be attributed to the
considerable scale of the company highlighted in our data. Larger companies often benefit
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from greater financial resources, enabling them to invest significantly in various sustain-
able projects.

While Brazil’s corruption index remains relatively low at 37% in 2017, it is important to
highlight the company’s substantial level of indebtedness. Additionally, it is worth noting
that the company has only conducted two issuances in the same year, amounting to a total
of USD 2 billion.

The fifth and last cluster encompasses two prominent US-based companies operating
in distinct sectors: specialized real estate investment funds and solar photovoltaic systems
and equipment. These firms play pivotal roles in the green bond market, with Tesla Energy
Operations Inc issuing 57 bonds and the other company issuing five, all with substantial
sums. Both companies are heavyweight entities. Their stock prices demonstrate notable
volatility, alternating between persistent upward and downward trends. These significant
fluctuations can be ascribed to various factors, including the dynamics of the US green
market, which ranks at the forefront according to the CBI, and the country’s GDP, serving
as a barometer of overall economic vitality.

Moreover, the corruption index of the United States varied over the years of issuance
reporting: 74% in 2015, 76% in 2016, 67% in 2020, 67% in 2021, and 69% in 2022. However,
the US corruption index remains high and far from 0, so it may also contribute to these
fluctuations. Despite their considerable leverage, underscoring their debt reliance, these
companies persist as influential players in the market.

For the first group, we observed that all of the hypotheses had been rejected. Both
companies whose data we analyzed experienced a decline after the third issuance, unlike
the others.

H1 is rejected because the issuance of green bonds led to a decrease rather than an
increase. H2 is rejected because, despite significant sums invested in these issuances, the
companies experienced a decline.

H3 is invalidated because despite being sizable entities, both companies experienced
stock price declines. H4 is rejected because “Raiffeisen Bank International AG” has a
low level of debt and “Kia Corp.” has a high level, yet both experienced a decline. H5
is contradicted by the fact that even amid positive GDP growth, stock prices for both
companies plummeted. H6 is rejected because the countries of these companies have a
high corruption control index, which signifies a good sign as a higher index indicates a less
corrupt country, but they still suffered a decrease.

All of the hypotheses in the second group are rejected also. The first hypothesis (H1) is
rejected due to observed fluctuations accompanied by a short-term decline. Similarly, the
second hypothesis (H2) is rejected because, despite the significant issuance of one or two
bonds by companies in this cluster, their stock prices fluctuated and then declined.

The third hypothesis (H3) is rejected because medium-sized companies experienced
fluctuations followed by short-term declines. Additionally, the fourth hypothesis (H4) is
rejected due to a high level of debt, which may explain the observed decline. Finally, the
sixth hypothesis (H6) is also rejected because the countries of these companies have a low
corruption index, which, contrary to expectations, corresponds to a negative sign and is
associated with a decline in stock prices.

In the third group, unlike the first two clusters, the hypotheses are accepted or affirmed.
Firstly, H1 is accepted as the issuance of green bonds by companies in this cluster has led
to an increase in stock prices, demonstrating a positive effect. Secondly, H2 is accepted as
companies in this group have conducted between two and ten green bond issuances, with
substantial amounts, and have experienced positive effects as a result.

Similarly, H3 is confirmed as these companies are of large scale and have enjoyed
favorable effects following the issuance of green bonds. As for H4, the companies have a
positive GDP and experienced an increase after the issuance of green bonds. Finally, H6
is accepted as the countries where these companies operate have high corruption control
indices and have also benefited from an increase following the issuance of green bonds.
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For the fourth group, the only company in this group experienced an increase in the
month following the issuance, which persisted for three months, confirming the first
hypothesis (H1). H2 is accepted because this company conducted its two issuances with a
substantial amount of USD 2 billion and experienced a positive effect.

H3 is accepted as well because it is a large-scale company that saw a rise in stock prices
following the issuance of green bonds. H4 is also accepted because, despite the company’s
high level of debt, it experienced a positive effect on the issuance of green bonds. However,
H6 is rejected because the country of the company in this cluster has a low corruption
control index, which represents a negative sign.

For the last group, we observed both upward and downward trends, indicating volatil-
ity for the companies in this cluster. The first hypothesis (H1) is supported as the issuance
of green bonds initially had a positive effect on these firms. Similarly, the second hypothesis
(H2) is validated as these companies generate a significant number of emissions (ranging
from 5 to 57), resulting in a positive impact.

The third hypothesis (H3) is upheld by the fact that companies in this cluster are large
in size and experienced an increase upon the issuance of green bonds. Regarding the fourth
hypothesis (H4), it is affirmed due to the high GDP growth rate in the country of origin
of the cluster’s companies (the USA), leading to a positive effect on the issuance of green
bonds. Lastly, the sixth hypothesis (H6) is accepted, as the USA, characterized by a high
corruption index, experienced a favorable effect on the issuance of green bonds.

Overall, the analysis underscores the complexity of the relationship between green
bond issuances and stock prices, emphasizing the importance of considering various factors
beyond just the environmental focus of these bonds.

5. Conclusions and Implications

Environmental sustainability has become an increasingly common theme in everyday
life, particularly in this historic period when the financial world is focusing more and more
on this topic. The recent growth of the green bond phenomenon calls for an analysis of the
stock market’s reaction to these issues, the relative benefits for companies, and whether
they actually contribute to improving companies’ environmental footprints or are simply a
form of “greenwashing”.

This study explores the link between the issuance of green bonds and the market
reaction. Our results show that there is an effect, whether positive or negative (an upward
or downward trend), that is in line with the literature. We then explored whether the
market reaction following the issuance of the bonds can be influenced by other factors in
relation to the very characteristics of the issue (volume of the issue), the size of the company
issuer, its level of debt, and macroeconomic and governance variables such as the GDP
growth rate and the corruption index.

By using machine learning techniques and in particular clustering by MDS, we were
able to classify the companies in our database into groups. The results obtained were not
congruent. Indeed, our hypotheses were validated for some groups and invalidated in
other groups. This result confirms what has been put forward in the literature. There is no
consensus around the exact reaction of the financial markets following the announcement
of the issuance of green bonds. The absence of a single, consensual answer on this subject is
likely to encourage research to explore this very fertile area, hence our interest in this subject.

Another point that constitutes a major contribution of our work is the use of an
innovative approach that combines the MDS method for ranking companies on the basis of
their post-issuance performance, with a two-stage clustering analysis. Our contribution
lies in this methodological innovation, which contrasts with traditional regression methods
(with the need to carry out robustness tests) or event studies with measures of abnormal
returns and cumulative abnormal returns. Our work goes beyond this largely traditional
framework to implement the advantages of artificial intelligence by employing one of the
most powerful machine learning techniques, namely the MDS method.
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To the best of our knowledge, our study is the first to use this approach to test
the impact of the issuance of green bonds on the reaction of financial markets, almost
everywhere in the world.

Our findings have several managerial contributions for portfolio managers investing
in green bonds, enabling them to anticipate market movements, review their expectations
of future developments and, consequently, adapt their portfolio management strategies.
These results help managers to understand that these fluctuations, whether upwards or
downwards, are influenced not only by the green criterion but also by other factors such as
the size of the company, the substantial amount of its issues, the total number of issues, and
its geographical location, as certain countries play a crucial role in the green bond market.
In addition, elements such as the country’s GDP (Gross Domestic Product) and corruption
index can also have a significant impact on these fluctuations.

All countries in the world are today called upon to look at CSR practices and address
environmental and social challenges. By focusing on the study of the reactions of financial
markets (an indicator of the economic development of any country), our article contributes
to the promotion of public and government policies. This research article will help gov-
ernments issue more green bonds so that the proceeds can be utilized for green projects.
Moreover, governments should motivate corporations and financial institutions to issue
more green bonds to increase the firms’ value, boost returns to investors, and help the
economy grow.

However, like all research work, our study is affected by several limitations. Firstly, it
focuses only on investors’ short-term reactions, without taking into account the long-term
benefits of green projects. Secondly, our final sample comprises only 29 companies, due to
the scarcity of certain data. This constraint limited the scope of our work, but it may also
serve as motivation for future studies. Indeed, future research might consider extending the
analysis by using other machine learning methods like t-SNE or PCA (principal component
analysis) methods. It could be interesting to compare the results from each method. For
example, PCA is a dimensionality reduction method that is often used to reduce the
dimensionality of large datasets by transforming a large set of variables into a smaller one
that still contains most of the information in the large set. To legitimize the use of these
methods, we will need to constitute a larger database and a larger sample.
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Appendix B. Fit and Stress Measurement

Dimensionality 2
Normalized gross stress 0.08066
Constraint I 0.28401 i

Constraint II 0.51648 i

Constraint S 0.18181 j

Dispersion shown (D.A.F.) 0.91934
Tucker’s Congruence Coefficient 0.95882
PROXSCAL reduces normalized gross stress.
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1. See Appendix A. 
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1 See Appendix A.
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