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Abstract: We studied the relationship between sustainable investment indexes and examine whether
this relationship varies in bullish, bearish, and stable financial markets. To understand this issue more
deeply, we analyzed the connectedness between three indexes—the Sustainable Impact investments,
Paris-aligned stocks, and green bonds indexes—using the daily closing prices from 1 June 2017 to
15 April 2024, encompassing 1793 observations. We used a quantile vector autoregressive (QVAR)
model to understand the dynamic relationship among the considered indices. The findings indicate
that sustainable investments are strongly interconnected in both high and low quantiles, but this con-
nection weakens significantly during periods of market stability. The Sustainable Impact investments
and Paris-aligned stocks indexes are net transmitters of impacts to other sustainable alternatives,
while the green bonds index is a net receiver. We also observed an increase in interconnectedness
across all quantiles during the pandemic, the Russia–Ukraine military conflict, and changes in the
European Union and the United States’ monetary policies.

Keywords: SDGs; sustainable investment; green bonds; climate finance; QVAR

1. Introduction

The agenda for sustainable development adopted by the United Nations (UN) mem-
ber states in 2015 identified 17 sustainable development goals (SDGs) for 2030 regarding
prosperity for people and a sustainable planet. Achieving the SDGs requires a vast amount
of funding efforts (United Nations 2018), which have sometimes been threatened and
dispersed across different goals, due to events such as the pandemic, the growing pace of
climate change, and military conflicts such as that between Russia and Ukraine. Addition-
ally, countries face unequal challenges regarding SDGs, making global investment in SDGs
uncertain and generally tilting them to sectors such as renewable energies. Therefore, since
there are synergies and tradeoffs between investments in SDGs and investments with a
specific sustainability orientation, e.g., climate change (Nerini et al. 2019; Bisaga et al. 2021;
He et al. 2022), the outcomes of those investments may reasonably differ.

Our study finds that returns on different sustainable investment indexes are connected,
and that this connection might vary under market circumstances such as bull, bear, and
calm financial markets. Sustainability-conscious investors are particularly concerned with
those issues, as it would facilitate decision-making regarding portfolio investments and risk
management by considering only the financial instruments aligned with their sustainability
stance. Likewise, the transmission of shocks between sustainable investments under
different market conditions provides valuable information for policymakers regarding
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supporting SDG funding when the private sector is reluctant to do so due to the return and
risk considerations of sustainable assets.

Investigating the connectedness of different sustainable investments is crucial as it
offers both theoretical and practical implications. From a theoretical perspective, under-
standing the interconnected behavior of various sustainable investments can elucidate the
dynamics and spillover effects within the sustainable finance sector, enriching the literature
on financial market interdependencies. Practically, this knowledge aids investors in opti-
mizing their portfolios to enhance returns while adhering to sustainability goals, and assists
policymakers in designing frameworks to support and stabilize sustainable investments,
especially in times of economic uncertainty, where coordinated policies can help stabilize
sustainable investment flows and ensure continued progress towards achieving the SDGs.

Related literature includes studies that examine the private funding of sustainable
goals (e.g., Bei and Wang 2023; Taghizadeh-Hesary and Yoshino 2019; Yoshino et al. 2021)
and the de-risking of sustainable investments (e.g., Heine et al. 2019; Reboredo et al. 2022).
Our analysis is also related to the socially responsible investment literature that consid-
ers spillovers between sustainable investments across countries (e.g., Iqbal et al. 2022;
Umar et al. 2020), and also the literature on environmental, social, and governance (ESG)
standards and climate mitigation investment outcomes, that examines the relative perfor-
mance of sustainable vs. traditional assets when investors include sustainability concerns
in their investment decisions (see, e.g., Hawn et al. 2018; Muñoz 2021; Pástor et al. 2022;
Reboredo and Otero 2021). By examining the relationship between different sustainable
financial instruments, including stock and bond securities, we add to the literature by
providing a more comprehensive view of how conditional dependence between sustain-
able investment returns differ according to market conditions, and on how diversification
strategies could be adapted depending on the state of the financial markets.

Sustainable investing is a broader term that includes various approaches to integrating
ESG considerations into investment decisions, aiming to balance financial returns and
societal benefits (Çatak 2024). There are important characteristics between three key values-
based investment or sustainable investing approaches: SRI (socially responsible investing),
ESG investing, and impact investing. With its historical roots in screening investments
to align with personal values, SRI excludes companies conflicting with ethical principles
(Gillan et al. 2021). ESG investing focuses on companies actively managing societal and
environmental impact, while impact investing directly connects capital to values-based
priorities, striving to quantify and generate positive societal outcomes (BinMahfouz and
Kabir Hassan 2013). Also, impact investing primarily involves private funds, offering
transparency into capital allocation for specific causes but posing accessibility challenges
compared to publicly traded options (Agrawal and Hockerts 2021). In this way, investors
and managers need to understand these approaches to make informed choices in the
ever-evolving landscape of values-based investing.

We specifically consider three kinds of returns on sustainable investments. First, we
consider returns on investments in companies involved in at least one of the SDGs defined
by the UN and included in the MSCI All Country World Index (MSCI ACWI) Sustain-
able Impact Index. Second, regarding sustainable investments, we consider returns on
investments in companies included in the MSCI World Natural Capital Paris-Aligned Index
(Paris-aligned stock index), which comply with the Paris-aligned benchmarks, minimize
their adverse impact on natural resources, and positively contribute to the environment.
Finally, we consider the outcome of investments in green bonds, which are fixed-income
financial instruments that raise funds for pro-environmental projects. Given that the con-
nection between returns on those three sustainable investment types and their response
to natural catastrophes, social and military conflicts, financial market stability, and green
technological innovations may differ due to their nature (e.g., stocks vs. bonds), this
study examines their interdependence using the quantile vector autoregressive (QVAR)
model. The QVAR model addresses the conditional quantile dependence between variables
while allowing quantile heterogeneity in the impact of shocks. Thus, different types of
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connectedness emerge depending on boom-and-bust moments in the financial markets.
Furthermore, using the generalized forecast error variance decomposition, it is possible to
build a quantile-based connectedness network (Ando et al. 2022) that yields information
on whether and how each sustainable investment class acts as a transmitter or recipient of
return spillover shocks, considering bull, bear, and calm moments in financial markets.

This study contributes to the literature from both practical and academic perspectives
in three significant ways. Firstly, we employ a quantile vector autoregressive (QVAR) model
to examine sustainable investment indexes, revealing their increased interconnectedness
during crucial periods influenced by geopolitical events and monetary policy changes. This
information aids investors and policymakers in better understanding sustainable investing
dynamics. Secondly, we highlight the role of the Sustainable Impact Index as a leading
transmitter of effects among sustainability indexes, underscoring its growing importance
and potential impact on sustainable investment decisions, thus providing valuable guid-
ance for investors and academics interested in socially responsible investing. Thirdly,
our research integrates empirical methodologies into exploring sustainable investment
dynamics, bridging the gap between theoretical frameworks and real-world applications
(Talan and Sharma 2019; Camilleri 2021). Through this integration, we aim to advance
the theoretical understanding of sustainable investment and provide actionable insights
for scholars and practitioners in the field. Thus, our findings help to attain sustainable
development goals by promoting informed investment decisions, guiding policymakers,
and supporting efficient funding allocation towards sustainable projects.

The study is structured as follows: Section 2 describes data and outlines the QVAR
model. In Section 3, we present and discuss empirical evidence. In Section 4, we summarize
our results and discussion. Finally, Section 5 offers some conclude remarks.

2. Context of the Analysis and Literature Review
2.1. Context of the Analysis

Understanding the interchangeable use of terms like sustainable investing, SRI, ESG
investing, and impact investing is crucial for investors and policymakers. By recognizing
their distinctions and commonalities, stakeholders can develop more coherent and effective
investment strategies that promote both financial returns and positive societal outcomes.
The study of Çatak (2024) provides a foundational analysis that can guide future research
and practice in this dynamic field (Figure 1).

Çatak (2024) explores the interchangeability of terms like “sustainable investing”,
“socially responsible investing (SRI)”, “environmental, social, and governance investing”
(ESG), and “impact investing” in the literature. It aims to enhance the understanding
of these concepts by analyzing previous research and elucidating their distinctions and
commonalities. It posits sustainable investing as an overarching term encompassing these
approaches. ESG investing involves evaluating a company’s ESG practices alongside
financial metrics, primarily aiming for financial returns. SRI entails investment decisions
guided by moral criteria. Impact investing allows investors to support ventures generating
social value. As the field evolves, there is a growing recognition of the need for standardized
definitions and frameworks to enhance clarity and comparability.

Sustainable investing is a broad concept that encompasses various strategies, such as
SRI, ESG investing, and impact investing (Figure 1). Sustainable investing primarily aims
to generate long-term financial returns while promoting environmental stewardship, social
responsibility, and sound governance practices. This broad approach integrates ESG criteria
into the investment process, recognizing that addressing these factors can contribute to the
long-term value creation of a portfolio. While it encompasses several specific strategies,
sustainable investing’s overarching goal is to consider the broader impacts of investment
decisions on society and the environment.
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Each strategy within sustainable investing has its unique focus and methodology
(Figure 1). SRI is guided by moral or ethical criteria, often excluding specific industries,
such as tobacco or fossil fuels, from investment portfolios. This strategy aims to align invest-
ments with personal or organizational values. ESG investing, on the other hand, involves
evaluating companies based on their ESG practices alongside traditional financial metrics,
primarily aiming for financial returns while considering ESG factors to enhance long-term
performance. Impact investing is more targeted, with investments made specifically to
generate positive, measurable social and environmental impacts alongside financial returns.
It directly supports ventures or projects that address critical social or environmental issues,
such as renewable energy or education. While all these strategies fall under the sustainable
investing umbrella, their specific objectives and approaches differ, reflecting a spectrum of
priorities from ethical alignment to targeted impact.

Recognizing the differences among terms such as sustainable investing, SRI, ESG
investing, and impact investing is crucial for several reasons. Each term represents distinct
objectives and methodologies, leading to varied implications for investment strategies
and outcomes. For instance, while ESG investing focuses on integrating ESG factors into
financial analysis to enhance risk-adjusted returns, SRI emphasizes alignment with ethical
values, often employing exclusionary screens. Impact investing, on the other hand, seeks
to generate specific social or environmental benefits alongside financial returns. By clearly
distinguishing these terms, investors can make more informed decisions that align with
their financial goals and ethical priorities, ultimately contributing to more targeted and
effective investment portfolios.

The concepts underlying these investment strategies often exhibit co-movements over
time, driven by evolving market trends, regulatory developments, and societal expectations.
For example, the increasing awareness and urgency of addressing climate change have
propelled the integration of ESG factors across various investment strategies, including
SRI and impact investing. As regulatory frameworks and corporate reporting standards
advance, these approaches become more interconnected, promoting a cohesive shift toward
sustainability in financial markets. Moreover, investor demand for transparency and
accountability fosters the convergence of these terms, as stakeholders seek comprehensive
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approaches that encompass financial performance and broader social and environmental
impacts. Understanding these co-movements helps investors and policymakers anticipate
and navigate the dynamic landscape of sustainable finance, fostering a more resilient and
inclusive economic system.

2.2. Literature Review

We conducted a literature review by carefully selecting articles from the Scopus and
Web of Science (WoS) databases in April 2024. Our search queries included terms such as
[sri], [esg], and [“Impact Invest*”] or [“sustainable invest*”] to identify articles related to
sustainable investing, encompassing topics like SRI, ESG investing, and impact investing.
Initially, we identified 44 articles in Scopus and 33 in Web of Science. After removing 22
duplicate articles, we were left with 55 unique and relevant articles for further analysis. This
search approach was adopted to ensure a comprehensive selection of literature concerning
the intersection of SRI, ESG investing, and impact investing, thereby laying the foundation
for a systematic review of pertinent scholarly contributions.

2.2.1. Keyword Analysis

The filtered articles were then analyzed using the online text analytic software Voyant
Tools version 2.4 (Sinclair and Rockwell 2020), followed by a manual review of the abstract,
introduction, and conclusion sections to select the most relevant articles for our study.

In scrutinizing the words identified in abstracts and author keywords gathered from
the literature review, several metrics unveil valuable insights into the corpus. The vocabu-
lary density, calculated at 0.181, suggests a moderate level of lexical diversity, indicating the
ratio of unique words to the total number of words in the text. Meanwhile, the readability
index, computed at 17.503, hints at the text’s comprehensibility, indicating a moderate level
of complexity suitable for individuals with some college education. The average number
of words per sentence, averaging at 27.7, sheds light on the text’s syntactic complexity,
suggesting the presence of longer, more intricate sentence structures. Delving into the
frequency of keywords, prominent terms such as “SRI” (189 occurrences), “ESG” (188
occurrences), “sustainable” (184 occurrences), “investment” (175 occurrences), responsible
(123 occurrences), and “impact” (93 occurrences) emerge as central themes within the
corpus, underlining the prevalent focus on SRI and ESG considerations throughout the
analyzed literature (Figure 2).
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Figure 2. Bubble lines from the most frequent words in abstracts and author keywords on the study
of interchangeable use of sustainable investing terms. Notes: Each chosen word is depicted as a
bubble, where the size of the bubble reflects the word’s frequency within the corresponding text
segment. A larger bubble indicates that the word appears more often. Source: analysis conducted
using Voyant tools and data from the Scopus WoS databases.

Additionally, the results of relative frequency and trend analysis for the most frequent
words in abstracts and author keywords related to the interchangeable use of sustainable
investing terms are presented in Figure 3. In Voyant Tools, the “Trends” visualization
depicts the frequencies of terms across studies identified using our search equation in the
Scopus and Web of Science databases. The identified words “SRI”, “ESG”, “sustainable”,
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“investment”, “responsible”, and “impact” generally exhibit an increasing trend over time,
with the exception of “impact”. This trend highlights these topics’ growing importance and
relevance in contemporary discourse.
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Figure 3. Relative frequencies and trends from the most frequent words in abstracts and author
keywords on the study of the interchangeable use of sustainable investing terms. Notes: Each series
in the graph is colored to represent a specific word, and at the top of the graph, a legend indicates
which colors correspond to which words. Source: analysis conducted using Voyant tools and data
from the Scopus WoS databases.

2.2.2. Trends Analysis

After the initial search, all identified research papers were downloaded and indexed
in the Mendeley reference manager for further examination. The subsequent analysis was
performed using VOSviewer version 1.6.19 (van Eck and Waltman 2017) and a Tree of Science
application that presents a clustering analysis of the three main subtopics (Robledo et al.
2022). Structural patterns and research trends were then identified using co-occurrence
author keywords diagrams. This approach allowed for the detection and examination of
three distinct research trends within the scientific literature, as in the study conducted by
Marín-Rodríguez et al. (2022). Figure 4 illustrates these findings: the top section displays
key studies on the relationships among SRI, ESG investing, and impact investing, while the
bottom section outlines the three identified research trends.

The first trend derived from the provided information is the extensive exploration
of SRI and corporate sustainability by authors such as Aras and Crowther (2009), Auer
(2016), Becchetti et al. (2015), Bugg-Levine and Emerson (2011), Camilleri (2020, 2021),
and Entine (2003). These studies cover a wide range of topics, including the evaluation
and review of the SRI market, the impact of SRI policies on European stock portfolio
value, comparative analyses of SRI in different regions, and the performance comparison of
socially responsible and conventional investment funds, as well as the role of institutional
investors in shareholder activism. This trend reflects a growing interest in understanding
the relationship between ethical investment practices, corporate behavior, and financial
performance, highlighting the significance of SRI in shaping investment decisions and
corporate strategies.

The second trend is focused on SRI and ESG considerations in financial markets.
Researchers such as ElBannan (2024), Geczy et al. (2021), and Sabbaghi (2011) explore the
resilience of ESG funds during market downturns, the investment behavior in socially
responsible mutual funds, and the performance comparison of green exchange-traded
funds with conventional benchmarks like the S&P 500, respectively. This trend reflects
a growing interest among investors and researchers in understanding the relationship
between ethical considerations and financial performance, and the potential for sustainable
investment strategies to contribute to financial market stability and sustainability.
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Finally, the third trend explores the relationship between SRI behavior and financial
performance, as evidenced by studies conducted by Jonwall et al. 2023; Bodhanwala and
Bodhanwala 2018, 2019; and Gil-Bazo et al. 2010. These studies investigate various aspects
of SRI behavior, including individual investor preferences, the influence of sustainability
information on investment decision-making, and the performance of socially responsible
mutual funds compared to conventional funds. Additionally, there is a growing interest in
understanding the determinants of SRI decisions across different countries and investor
segments, as evidenced by research conducted by Chatzitheodorou et al. (2019) and
McLachlan and Gardner (2004). This trend underscores the importance of considering
ethical and social factors in investment decisions and highlights the evolving landscape of
SRI research and practice.
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After discerning the prevailing trends in the evolution of literature concerning sus-
tainable investments, our next step involves scrutinizing the gaps exposed by preceding
literature review research. This scrutiny aims to identify how our study addresses a gap
delineated by prior research.

2.2.3. Further Research Identified from Previous Literature

The literature reviews by Beisenbina et al. (2023), Camilleri (2021), Daugaard et al.
(2024), Delle Foglie and Keshminder (2022), Kapil and Rawal (2023), Singhania et al. (2024),
and Talan and Sharma (2019) collectively reveal several trends and research gaps in the
field of sustainable investment, albeit with differing emphases and methodologies.

Singhania et al. (2024)’s review highlights emerging themes such as SDG financing
and the governance-related determinants of sustainable investments, providing a compre-
hensive foundation for future research. In contrast, Beisenbina et al. (2023)’s study traces
the evolution of SRI strategies and identifies a shift towards more nuanced approaches,
like ESG integration and impact investing. These differing perspectives suggest a need for
further exploration into the drivers and implications of evolving sustainable investment
strategies.

Talan and Sharma (2019)’s systematic review identifies gaps in the literature and
proposes a holistic research agenda to develop sustainable investment as an applied field.
Meanwhile, Camilleri (2021)’s historic overview emphasizes the proliferation of SRI prod-
ucts and the increasing involvement of stakeholders, highlighting the need for research into
the opportunities and challenges facing SRI stakeholders. These contrasting viewpoints
underscore the complexity of the sustainable investment landscape and the importance of
addressing both theoretical and practical considerations in future research.

Kapil and Rawal (2023)’s review focuses on ESG investing, identifying significant
research themes such as investor behavior and motivations, portfolio screening, and ESG
performance. Additionally, Daugaard et al. (2024)’s study examines the utilization of corpo-
rate sustainability information in SRI, highlighting the need for research on data utilization
and analysis methods. These complementary perspectives underscore the interdisciplinary
nature of sustainable investment research and the importance of integrating insights from
diverse fields, such as finance, accounting, and sustainability.

Delle Foglie and Keshminder (2022)’s review of SRI Sukuk highlights challenges
such as the lack of standardization and liquidity, suggesting avenues for future research
in Islamic investing and sustainable finance. This perspective complements the broader
discussions on sustainable investment strategies and underscores the need for tailored ap-
proaches to address the unique challenges and opportunities in different financial contexts.

Additionally, according to Athari (2024), further research should focus on investigating
the interplay between combined and individual sustainability (ESG) practices and banking
sector stability in the GCC from 2000 to 2022. The findings underscore the critical roles of
banking sector-specific factors and country-level dynamics in shaping stability outcomes.
Notably, the study reveals a nuanced, non-linear relationship—displayed as an inverted U-
shaped curve—between ESG practices and stability. This suggests that while sustainability
initiatives can bolster stability, excessive investments in environmental (ENV), social (SOC),
and governance (GOV) domains could potentially undermine it. Policymakers and bank
executives are encouraged to adopt a balanced approach that aligns ESG investments with
national SDGs to mitigate risks, such as profitability challenges and heightened instability.
Moreover, future research should explore optimal resource allocation strategies within
banks to reduce operational costs, enhance credit monitoring practices, and effectively
manage non-performing loans (NPLs). This expanded investigation should also encompass
other countries and consider external factors, such as the impact of global events like the
COVID-19 pandemic on the identified relationships.

Lastly, the studies by Chuliá et al. (2017); Yaya et al. (2024); and Cocca et al. (2024)
significantly contribute to the understanding of interconnectedness in financial markets,
which is pertinent to our investigation on the connectedness between sustainable invest-
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ment indexes using the QVAR approach. Chuliá et al. (2017)’s use of multivariate quantile
models across the Latin American and developed markets reveals varying degrees of tail-
codependence in response to shocks, suggesting potential diversification strategies across
regions following significant market events. Yaya et al. (2024)’s analysis of African stock
markets via quantile dynamic connectedness underscores the importance of understanding
market interdependencies under different market phases, particularly highlighting South
Africa’s dominant role in transmitting shocks regionally. This complements our focus on
how sustainable investment indexes respond to market conditions and further underscores
the relevance of considering diverse market environments. Finally, Cocca et al. (2024)’s
study on clean energy indices using a DCC-GARCH-based approach illuminates the dy-
namic nature of return propagation and identifies the NASDAQ OMX Green Economy
Index as a key transmitter of shocks, offering insights into portfolio management strategies
that are highly relevant to sustainable investments. Collectively, these studies provide a
robust foundation for exploring the interconnections among sustainable investment indexes
and advancing our understanding of their implications in global financial markets.

In summary, while the existing literature reviews provide valuable insights into sus-
tainable investment, they highlight the critical need for empirical studies and co-movement
analyses of the indices related to sustainable investment. This research specifically ad-
dresses this gap by investigating the empirical interconnectedness of various sustainable
investment indexes, such as those linked to the SDGs, the Paris-aligned index, and green
bonds. We hypothesize that the returns on these sustainable investment indexes exhibit
significant interconnectedness, which varies under different market conditions, including
bull, bear, and calm financial markets. By employing the quantile vector autoregressive
(QVAR) model, this study delves into the conditional dependence and quantile hetero-
geneity of shocks on sustainable investment returns. This empirical approach fills existing
knowledge gaps and provides practical insights for investors, policymakers, and other
stakeholders navigating the complex landscape of sustainable finance. By synthesizing
theoretical insights with empirical evidence, our research aims to offer a more holistic
understanding of sustainable investment and its broader implications.

3. Data and Methods
3.1. Data

The dataset involves daily closing prices in US dollars from 1 June 2017 to 15 April
2024, encompassing 1793 observations. This study employs three indexes encapsulating
SRI, ESG, and impact investing dimensions, as illustrated in Table 1. All variables were
extracted from Bloomberg.

Table 1. List of variables.

Variable Ticker Returns Name

Sustainable Impact
Index NU751091 Index RNU751091 MSCI ACWI Sustainable

Impact Index

Paris-aligned stock
Index MXCXBLRV Index RMXCXBLRV

MSCI World Natural
Capital Paris-Aligned

Equity Select Index

Global Green Bond
Index I31572 Index RI31572 MSCI Global Green Bond

Index
Source: Authors’ own research using Bloomberg.

Then, the selected indexes reflect different aspects of sustainable and socially responsi-
ble investing. The ACWI Sustainable Impact Index (RNU751091) focuses on sustainable
bonds, the Paris-aligned index (RMXCXBLRV) emphasizes stocks that meet the EU Paris-
aligned benchmarks, and the Global Green Bond Index | (RI31572) combines various ESG
factors for Eurozone corporations. Investors interested in socially responsible investing
may use these indexes to evaluate opportunities that align with their investment portfolios.
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The MSCI ACWI Sustainable Impact Index comprises listed companies that generate
at least 50% of their income through one or more of the UN SDGs and maintain minimum
ESG standards. Such companies focus on pollution prevention, sanitary and nutritious
products, sustainable water, green building, affordable housing, education, the treatment
of major diseases, alternative energies, energy efficiency, and credit for small and medium
firms. Therefore, the performance of the MSCI ACWI Sustainable Impact Index reflects the
outcome of impact-oriented investments in the global equity markets that are specifically
related to SDG sectors and projects.

Additionally, the Paris-aligned stock index, composed of companies that (a) comply
with the EU Paris-aligned benchmarks and annually reduce greenhouse gas emissions by
7%, (b) minimize their exposure to indicators associated with adverse impact on natural
resources, and (c) positively contribute to the environment through their products, services,
or management of natural-capital related risks. The Paris-aligned stock index provides
information to sustainability-oriented investors who wish to reduce their exposure to
physical and transition risks from climate change, focusing on investment opportunities
from the transition to a low-carbon economy.

Finally, the MSCI Global Green Bond Index comprises fixed-income green bonds
issued by corporations, the Treasury, and government-related entities to promote climate
or sustainability objectives. Those green bonds are: (a) rated and categorized as green by
MSCI ESG Research according to rules that are consistent with the green bond principles;
(b) have a one-year minimum time to maturity; and (c) are used for investment in alternative
energies, energy efficiency, pollution prevention and control, sustainable water supplies,
green building, and climate adaption. The MSCI Global Green Bond Index performance
reflects the outcome of investments in fixed-income securities, issued with the aim of
funding projects with sustainable and environmental benefits.

We use the returns of the selected indexes to analyze connectedness. Table 2 provides
the descriptive statistics of daily returns for the indexes analyzed. These returns exhibit
asymmetry and negative skewness. The prevalence of negative values suggests leptokurtic
and heavy-tailed characteristics. The Jarque–Bera (J-B) test statistics confirm that all return
distributions deviate from normality with significant p-values. The Ljung–Box Q(20) and
Q2(20) statistics for serial correlation and heteroscedasticity are significant, indicating the
presence of these effects in the return series. The augmented Dickey–Fuller (ADF) (Dickey
and Fuller 1979) test results confirm the stationarity of all series.

Table 2. Summary statistics for sustainable investment returns.

Mean Std. Dev. Min Max Skew Kurt J-B Q(20) Q2(20) ADF

Sustainable Impact
Investments index 0.0002 0.0086 −0.0892 0.0525 −0.79 13.03 7693.3

[0.00]
107

[0.00]
1012.4
[0.00]

−12.52
[0.00]

Paris-aligned stocks
index 0.0004 0.0102 −0.1015 0.0821 −1 19.22 19,938.4

[0.00]
190.18
[0.00]

2048.3
[0.00]

−12.44
[0.00]

Green bonds index 0 0.0046 −0.0303 0.0263 −0.1 7.49 1511.5
[0.00]

54.76
[0.00]

786.31
[0.00]

−36.54
[0.00]

Correlation matrix

Sustainable Impact
Index investments 1

Paris-aligned stocks
index 0.82 1

Green bonds index 0.39 0.27 1

Notes. This table presents descriptive statistics for logarithmic price changes computed for the MSCI ACWI
Sustainable Impact Index, the MSCI World Natural Capital Paris-Aligned Equity Index, and the MSCI Global
Green Bond Index. Daily data span from 1 June 2017 to 15 April 2024. Q(20), Q2(20), and ADF denote the
Ljung–Box statistic for serial correlation and heteroscedasticity, respectively, in returns computed with 20 lags.
The ADF (augmented Dickey–Fuller) unit root test confirms stationary returns. All the p-values are reported in
squared brackets. The correlation matrix reports the Pearson correlation for the series indicated in columns and
rows. Source: Authors’ own research using data from Bloomberg.
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The correlation matrix reveals that indexes of Sustainable Impact investments and
Paris-aligned indexes are strongly correlated (0.82), whereas the green bonds index shows
moderate correlation with both the Sustainable Impact investments index (0.39) and the
Paris-aligned index (0.27). These findings offer valuable insights into the various character-
istics of sustainable investment returns and their interrelationships.

Figure 5 shows that both the Sustainable Impact investments and the Paris-aligned
indexes closely co-move, and green bonds weakly co-moves with Sustainable Impact
investments while, as expected, displaying lower variability. The indexes display a certain
degree of synchronization, particularly during major economic events. This suggests that
external macroeconomic factors influence all three indices, albeit to varying extents.
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3.2. QVAR Model

To assess quantile dependence and connectedness among the Sustainable Impact
investments, Paris-aligned stocks, and green bonds indexes, we use a QVAR model with p
lags as Chatziantoniou et al. (2021), given by:

yt = µ(τ) + ∑p
j=1 Aj(τ)yt−j + εt(τ) (1)

where yt = (y1,t, y2,t, y3,t)
′ is a 3 × 1 vector of k endogenous variables at time t = 1, . . . , T,

and τ = (τ1, τ2, τ3)
′ is a 3 × 1 vector of quantiles of the conditional distribution of

the variables included in yt, with τs ∈ (0, 1) for s = 1, 2, 3. Aj(τ) for j = 1, . . . , p is a

3 × 3 matrix of lagged coefficients in quantiles τ, where each element a(j)
i,n(τi) differs across

equations and accounts for the effect of the lag j of the variable n, yn,t−j in the τi-th quantile
of the conditional distribution of the variable yi,t. µ(τ) is a 3 × 1 vector of intercepts in
quantile τ, and εt(τ) is a 3 × 1 vector of residuals with a 3 × 3 variance–covariance matrix
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Σ(τ). If the model is correctly specified, the conditional quantile of εt(τ) equals zero.
Hence, the τ-th conditional of yt is given by:

Qτ(yt|yt−1, . . . , yt−p) = µ(τ) + ∑p
j=1 Aj(τ)yt−j (2)

The QVAR model in Equation (1) can be estimated—for a given value of τ and
assuming that the value of p for the conditional mean model is valid for any conditional
quantile—using quantile regressions equation by equation, computed for the τi-th quantile
of each variable i as follows:

min
µi(τi),a

(j)
i,n (τi)

∑T
t=1 ρ

(
yit − µi(τi)−∑p

j=1 ∑k
n=1 a(j)

i,n(τi)yt−j

)
, (3)

where ρ(x) = x
(

τi − 1{x<0}

)
is the usual check function for quantile regressions.

From Wold’s representation of the QVAR(p) model in Equation (1), we can assess the
accumulated effects of a quantile shock over future horizons as follows:

yt = υ(τ) + ∑∞
h=0 Ψh(τ)εt−h(τ), (4)

where Ψh(τ) = A1(τ)Ψh−1(τ) + ···+ Ap(τ)Ψh−p(τ) are the moving average (MA) coef-
ficients, where Ψ0(τ) is the kxk identity matrix and Ψh(τ) = 0 for h < 0, and where
υ(τ) = ∑∞

h=0 Ψh(τ)µ(τ). Assuming that the quantile vector τ is fixed over the forecast
horizon under analysis, the vector of forecast errors for the prediction of yt+h and the
τ-th quantile is given by et+h(τ) = ∑h

l=0 Ψl(τ)(u(τ) + εt+h−l(τ)), and the forecast error
variance is given by Σet+h(τ) = ∑h

l=0 Ψl(τ)Σ(τ)Ψ′l(τ). Thus, the impact of a shock in the
τ-th quantile of a variable j on variable i is derived by Pesaran and Shin (1998) as follows:

θ
(h)
ij (τ) =

Σjj(τ)
−1∑h

l=0
(
eiΨl(τ)Σ(τ)ej

)2

∑h
l=0 e′iΨl(τ)Σ(τ)Ψ′l(τ)ei

(5)

where Σjj(τ) denotes the j-th diagonal element of Σ(τ), and ei denotes a zero vector

with 1 in the i-th position. θ
(h)
ij (τ) is normalized as

∼
θ
(h)

ij (τ) = θ
(h)
ij (τ)/∑k

j=1 θ
(h)
ij (τ), so

∑k
j=1

∼
θ
(h)

ij (τ) = 1. Then, we can set up a spillover matrix with elements given by
∼
θ
(h)

ij (τ) that
accounts for the contribution that a shock in the quantile of a variable has on the quantiles
of the other variables. Furthermore, the total information that a quantile of the variable

i receives from the quantiles of the other variables derives as Ci←j(τ) = ∑k
j=1,j ̸=i

∼
θ
(h)

ij (τ),
so the net influence received by the variable i in the network in the τ-th quantile derives
as Ci←j(τ) − Cj←i(τ), with positive (negative) values indicating that i is a net receiver
(transmitter). Finally, the total connectedness index (TCI) can be computed as the average

impact of a shock in one series coming from another series, i.e., 1
k−1 ∑k

j=1,j ̸=i

∼
θ
(h)

ij (τ).

4. Results and Discussion

Using the Bayesian information criterion (BIC), we estimate the QVAR model using
one lag, and compute spillovers for a 20-day horizon (h = 20) for extreme and median
quantiles: τ = 0.05, 0.5, 0.95. Table 3 presents evidence of connectedness between sus-
tainable securities, indicating that spillover transmission differs widely depending on
market conditions. Thus, sustainable markets are closely connected in times of upward or
downward price movements, whereas sustainable investments in a calm market are con-
siderably decoupled, offering investors more diversification opportunities. With positive
net spillover effects, Sustainable Impact investments and the Paris-aligned stocks index are
net transmitters, whereas the green bonds index is net receiver of spillovers.
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Table 3. Connectedness between sustainable investments under different market conditions.

τ=0.05 τ=0.5 τ=0.95

To From Net To From Net To From Net

Sustainable Impact
investments index 64.8 61.5 3.3 48.6 45.7 2.9 64.0 60.7 3.3

Paris-aligned stock
index 63.1 60.3 2.8 47.6 42.5 5.1 62.0 59.9 2.1

Green bonds index 51.0 57.0 −6.0 11.2 19.1 −7.9 49.8 55.2 −5.4
Note. For different quantiles, this table presents spillovers transmitted from (to) each series in the first column to
(from) the remaining series, computed as Ci←j(τ) and Cj←i(τ), respectively, and the net effect (to minus from).
Spillovers are computed from a QVAR model with one lag. Source: Authors’ own research using data from
Bloomberg.

We assess whether previous spillover evidence differs over time due to specific events,
such as the COVID-19 pandemic, the Russia–Ukraine conflict, and the changed EU and
US monetary policies in 2022–2023. Therefore, we estimate the QVAR model using a
200-day rolling window that is moved forward daily. The graphical evidence in Figure 6
indicates that the spillover values given by the total connectedness index differ across
quantiles and over time. We corroborate that spillovers are stronger in the extreme quan-
tiles than in the median quantiles and are similar in size at the lower and upper tails, and
that the temporal dynamics of spillovers is shaped by specific events, particularly in the
median quantile. Thus, the COVID-19 pandemic, the Russia–Ukraine conflict, and the
US and EU interest rate hikes intensified connectedness, corroborating previous studies
(Zhang et al. 2023), and highlighting the relevance of major events on the hedging possibili-
ties of sustainability-oriented investors using different sustainable securities.
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Figure 6. Total dynamic spillovers across quantiles between the indexes of Sustainable Impact
investments, Paris-aligned stocks, and green bonds. Source: Authors’ own research using data
from Bloomberg.

In Figure 7, we analyze the Dynamic Total Connectedness (TCI); those with greater
connectedness levels are depicted in warmer shades. Also, positive and negative price
changes (above 75% and below 25% quantiles) show strong linkages throughout the sample
period. The 50% quantile corresponds to the average TCI, revealing a pattern in market
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linkage driven by special events, supported by average solid TCI in 2020, 2022, and
2023. The COVID-19 pandemic, the Russia–Ukraine conflict, and the US and European
interest hikes demonstrate significant interconnectedness, aligning with previous studies
(Zhang et al. 2023) and emphasizing the profound impact of the recent events on an
interconnected system of sustainability synergy indexes.
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Figure 7. Total dynamic spillovers across quantiles between the indexes of Sustainable Impact in-
vestments, Paris-aligned stocks, and green bonds. Source: Authors’ elaboration, with data gathered
from Bloomberg. Notes: We took lags = 1 based on SIC for a 200-day rolling-window with a forecast
horizon of 20 days. Those with greater connectedness levels are depicted in warmer shades, indi-
cating stronger linkages. Positive and negative price changes (above 75% and below 25% quantiles)
show robust connections throughout the sample period. Source: Authors’ own research using data
from Bloomberg.

Figure 8 provides detailed evidence of net spillovers for the three sustainable invest-
ment indexes across quantiles and over time. As in Chatziantoniou et al. (2021), warm
(cold) shaded areas indicate net-transmitting (net-receiving) effects. Accordingly, Sus-
tainable Impact investments are net transmitters to other sustainable securities over the
sample period, with an intensity that is accentuated in the upper and lower quantiles in
2020 and after mid-2022. In contrast, the Paris-aligned stocks index strongly transmit net
spillovers during the second semester of 2020 and 2022 across all quantiles but have a
limited impact in the remaining sample periods. This evidence points to the fact that the
influence of the Paris-aligned stocks index on other sustainable securities is circumscribed
to specific periods and is independent of market conditions. Finally, green bonds behave
as net receivers of impacts over the sample period in the extreme quantiles, particularly
during the second semester of 2020 and in 2022. The size of the net impacts received by the
green bonds index fluctuates over the sample period, with stronger net impact during the
later periods of the sample, revealing that green bonds lack leadership in the transmission
of shocks between sustainable investments; this can be explained by the relatively small
size and low volatility of the fixed-income investments concerning stock investments.

Overall, our results reveal that sustainable investments closely co-move, particularly
in extreme quantiles and at times of disruptive events. However, the intensity of this
co-movement differs across securities; as a more disconnected sustainable asset class, green
bonds are net receivers and so have a relevant role as de-risking assets for sustainable
investments, such as Sustainable Impact investments or the Paris-aligned stock indexes.
Potential explanations of our evidence can be related to (a) shifts in investor sentiment
and environmental awareness, in particular around relevant events; (b) the leadership
of the Sustainable Impact Index over the other two indexes, underscoring the increasing
importance of a holistic approach to sustainability investment, given that this index en-
compasses both environmental and social factors that may be more in line with investor
preferences; and (c) the growth of the sustainable investing industry, which has contributed to
interconnectedness between different asset classes reflecting social and environmental issues.
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Our results underscore the critical role of understanding transmission mechanisms
and network structures in shaping effective investment strategies that simultaneously
promote environmental sustainability and financial stability. Similar to Chuliá et al. (2017),
Yaya et al. (2024), and Cocca et al. (2024), our findings emphasize the importance of inte-
grated approaches that leverage market interdependencies to support portfolio resilience,
manage risks, and foster sustainable economic growth. By synthesizing findings from
global financial markets, African stock exchanges, and clean energy sectors, our study
contributes to a holistic understanding of interconnectedness in contemporary financial
landscapes. This holistic view is crucial for guiding policymakers and investors in develop-
ing strategies that align financial objectives with sustainability goals, thereby advancing
both economic resilience and environmental stewardship on a global scale.
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5. Conclusions

This study analyzes the dynamic connectedness and spillover effects among promi-
nent sustainable investment indexes, such as the Paris-aligned stocks index, the Sustain-
able Impact Index, and the Global Green Bond Index, using a quantile connectedness
approach for the empirical analyses. This approach is pivotal in studies examining dy-
namic connectedness and spillover networks (Ando et al. 2022; Chatziantoniou et al. 2021;
Elsayed et al. 2022; Joo and Park 2023; Karim et al. 2022). Moreover, we perform a compre-
hensive empirical analysis employing the rolling-window technique to examine alterations
in interconnectedness and transmission effects during market events. This analysis ex-
plores time-varying features of financial markets in their spillovers. The indexes uniquely
reflect key facets of sustainable and socially responsible investing, encompassing envi-
ronmental impact and broader ESG considerations in Eurozone corporate settings. This
exploration provides valuable insights for investors, researchers, and policymakers as
they navigate the multifaceted terrain of ESG investing, ultimately contributing to more
informed decision-making and a more sustainable and equitable future.

Our findings reveal that sustainable investments are especially connected in the upper
and lower quantiles, and that Sustainable Impact investments are a net transmitter of
impacts to the other sustainable alternatives, i.e., green bonds and Paris-aligned invest-
ments. In contrast, the connection between sustainable investments substantially weakens
when financial markets are calmed, i.e., in intermediate quantiles. Finally, we also iden-
tify increased connectedness across all quantiles during the pandemic period, during the
Russia–Ukraine conflict, and with the changed EU and US monetary policies after mid-2022.

The interconnectedness of sustainable investments is crucial for several theoretical and
practical reasons. Theoretically, understanding these connections provides a deeper insight
into the dynamics and dependencies within the sustainable finance sector. This knowledge
contributes to the financial literature by revealing how different sustainable investment
vehicles interact under varying market conditions, such as bull, bear, and calm periods. By
examining these interactions, we can better understand the mechanisms through which
shocks and volatility are transmitted across different types of sustainable investments. This
enhances our comprehension of market behavior and the systemic risks associated with
sustainable finance.

This interconnectedness has significant implications for investors, policymakers, and
portfolio managers. For investors, understanding the relationships between different
sustainable investments can inform better portfolio diversification strategies. By identifying
which investments are likely to be affected by common shocks or market events, investors
can make more informed decisions to optimize their portfolios, balancing financial returns
with sustainability goals. For policymakers, insights into the connectedness of sustainable
investments can guide the design of regulatory frameworks and support mechanisms. This
is particularly important during periods of market instability, where coordinated policies
can help stabilize sustainable investment flows and ensure continued progress towards
achieving the Sustainable Development Goals (SDGs).

Our evidence also has implications for investment decisions by sustainability-conscious
investors. Although there is a growing demand for sustainable investment themes in public
equity markets, investments through an SDG lens need to identify which are specifically
oriented to the SDGs and how they co-move with alternative sustainable investments. The
results indicate that sustainable investors can find hedging opportunities within the set of
sustainable asset classes, particularly using green bonds, although those opportunities are
less attractive in times of abrupt financial market movements. Therefore, public support of
sustainable investments should be concentrated in times of extreme conditions in financial
markets, when investments might flock to non-sustainable assets because investors find it
more difficult to diversify their sustainable assets.

While our study provides valuable insights into the dynamic connectedness and
spillover effects among prominent sustainable investment indexes, several limitations
should be acknowledged. For example, our empirical analysis using the rolling-window
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technique allows us to examine alterations in interconnectedness and transmission effects
during market events, but it may not capture all nuances of market dynamics, especially
in rapidly changing or extreme conditions. Moreover, our focus on Eurozone corporate
settings may limit the generalizability of our findings to other geographic regions or market
contexts. Additionally, while our study identifies increased connectedness across all quan-
tiles during significant events, such as the COVID-19 pandemic and geopolitical conflicts,
the causal mechanisms underlying these connections may require further investigation.
Despite these limitations, our study contributes to understanding sustainable investment
dynamics and provides valuable insights for the investors, researchers, and policymakers
navigating the complexities of ESG investing.

Future research should focus on the impact of uncertainty on sustainable invest-
ments (Marín-Rodríguez et al. 2023a). Understanding how economic, geopolitical, and
environmental uncertainties affect these investments will provide valuable insights into
their resilience, and guide investors and policymakers in managing risks in sustainable
finance strategies. Additionally, future research could analyze the relation among the
sustainable investment indexes using longer investment horizons due to the preference
of some investors to make long-term investments (Saeed et al. 2021). Then, the analysis
can be conducted using lower frequency data (e.g., weekly or monthly) and considering
the diverse investment horizons of different investors (Marín-Rodríguez et al. 2023b). This
approach could provide more comprehensive insights into the behavior of sustainable
investments over varying timeframes.

Lastly, exploring the connectedness between the selected indexes and including the
S&P Global Clean Energy Index in the analysis could provide additional valuable insights.
This comparison could reveal how sustainable investments perform relative to a widely rec-
ognized benchmark in the clean energy sector, offering a broader context for understanding
their financial dynamics and market interactions.
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