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ABSTRACT

Investors have long recognized the importance of firms in promoting sustainability, leading to the rise of socially responsible
investment (SRI). Specifically, there is a growing preference for exchange-traded funds (ETFs) that prioritize environmental,
social, and governance (ESG) principles. However, the performance of ESG ETFs has not been extensively studied, and existing

findings remain inconclusive. This research addresses this gap by comparing ESG ETFs with traditional ETFs in Europe and
the United States, analyzing the period 2014-2024, along with subperiods of pre-crisis (2014-2019) and crisis (2020-2024). The
results show that ESG ETFs can offer diversification benefits, hedging capabilities, and safe-haven properties. However, perfor-
mance outcomes vary across regions, investment strategies, and market conditions. In Europe, ESG ETFs improve risk-adjusted
performance in utility-maximizing strategies. In the United States, ESG ETFs also enhance returns adjusted for risk in utility-
maximizing portfolios during periods of market stress, though this advantage is less evident in more stable market conditions.

JEL Classification: G11, G15, G17, C32

1 | Introduction

Socially responsible investment (SRI) is an investment approach
that incorporates environmental, social, and governance (ESG)
ratings (Widyawati 2020). Recently, SRI has increased in signif-
icance, with the United Nations playing a pivotal role in its pro-
motion. The commitment of this organization to sustainability
can be traced back to 1992 when Agenda 21 was adopted at the
Earth Summit in Rio de Janeiro. Subsequent efforts have led to
various initiatives, with a significant milestone occurring in 2015
through the establishment of the 2030 Agenda for Sustainable

Development. This agenda gave rise to the 17 Sustainable
Development Goals (SDGs), serving as a guiding framework
for SRI and significantly amplifying these investment practices
(United Nations, n.d.). In recent years, regulations on disclos-
ing sustainability actions have advanced significantly to meet
investor needs and ensure market transparency. Europe and the
United States lead in these efforts (Pietrancosta and Marraud
des Grottes 2022). Endeavors have been particularly relevant
in Europe. In this region, various regulations concerning non-
financial reporting have been introduced, with the most recent
being launched in 2022, the Corporate Sustainability Reporting
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Directive (CSRD). These regulations include the European
Financial Reporting Standards (EFRS), requiring a growing
number of firms to disclose nonfinancial information used
to calculate ESG ratings. In the United States, the regulatory
framework is also important, but comparatively less extensive,
and imposes certain requirements on companies that are clearly
inferior to those in Europe. For example, the Securities and
Exchange Commission (SEC) recently implemented new rules
requiring public companies to disclose detailed climate-related
information in their filings. However, the new administration
under Donald Trump began rolling back these regulations in
2025 (Green Central Banking 2025). These regulatory changes
also had consequences in Europe, where, on April 3, 2025, the
European Parliament voted to delay the application of new cor-
porate sustainability and due diligence rules, citing the need to
reduce administrative burdens and enhance competitiveness—
particularly amid concerns over the unequal global regulatory
landscape (European Parliament 2025). Despite all these recent
regulatory shifts, sustainability remains an essential component
of corporate vision and strategy, and it is firmly embedded in the
collective consciousness of the investment community.

The academic literature has acknowledged the growing impor-
tance and interest in sustainability, and previous research in the
finance field can be categorized into two main lines of work.
The first line adopts a firm-level perspective and analyzes how,
and to what extent, corporate sustainability practices influence
firms' performance—focusing on variables such as profitabil-
ity, market value, and default risk, among others. In general,
this research shows that corporate sustainability has a signif-
icant impact on profitability and risk (Busch and Friede 2018;
Friede et al. 2015; Huang 2021; Khan 2022; Prashar 2023). The
second line of research adopts an investor-oriented perspective
and analyzes the financial performance of SRI, focusing on the
effectiveness of sustainable stocks and funds as investment ve-
hicles. This is particularly relevant today, as more investors are
choosing mutual funds and ETFs that emphasize ESG princi-
ples (SEC 2023). As a result, evidence showing that SRI does
not compromise—and may even enhance—financial returns
could encourage more firms to improve their sustainability
ratings, thereby contributing to the achievement of the SDGs.
In this context, ESG metrics have revealed highly valuable,
serving as a proxy for sustainability performance and, at the
same time, as an enabler of the SRI market (Widyawati 2020).
However, this line of research focused on the investor is still
recent and offers inconclusive results. Some authors conclude
that the financial performance of SRI does not significantly dif-
fer from that of conventional investments or benchmark indi-
ces (Hornuf and Yiiksel 2024; Widyawati 2020). Nevertheless,
the literature also includes some studies finding outperfor-
mance (Marti-Ballester 2015; Pirgaip et al. 2021) and others
reporting underperformance (Azmi et al. 2020; Gangi and
Varrone 2018). This heterogeneity has been attributed to vari-
ous factors, including contextual differences, thematic focus,
investment horizon, and methodological choices (Revelli and
Viviani 2015; Widyawati 2020). In addition, it has been noted
that the predominance of studies focused on the US market
limits the generalizability of findings to other contexts, such as
Europe, underscoring the importance of expanding research
to different countries and using diverse analytical approaches
(Rathner 2013; Stellner et al. 2015).

In this context, the main objective of this paper is to compare
the performance of ESG ETFs with traditional ETFs, focusing
on those with the highest total net assets under management
in Europe and the United States over the period 2014-2024. In
particular, this research identifies two specific objectives in its
empirical study: (1) to evaluate the diversification, hedge, and
safe-haven properties of ESG equity and bond ETFs within port-
folios that include conventional equity and bond ETFs and (2)
to analyze the risk-reducing potential of portfolios incorporat-
ing these sustainable investments. The analysis distinguishes
between periods of market stability and crisis, allowing for an
assessment of whether the benefits of sustainable investments
vary with market conditions.

In this way, the paper will make three main contributions.
Firstly, as indicated, sustainability is a topic of growing interest
not only in international financial markets but also for society
in general. Over the past years, institutions have promoted the
publication of nonfinancial information related to sustainabil-
ity, imposing greater transparency requirements on compa-
nies. Although recent regulatory rollbacks—particularly in the
United States—may appear to slow down the push for trans-
parency, this only highlights the tension between institutional
inertia and growing societal demand for sustainable practices.
In fact, investors are increasingly turning to sustainable finan-
cial products. At the same time, consumers are demanding more
responsible practices from companies, and firms themselves
are becoming increasingly aware of their potential to drive so-
cial and environmental change. Therefore, on a general level,
this paper contributes to advancing the study of sustainability,
which is a relevant topic and a key player not only in the eco-
nomic but also in the social sphere. To achieve this objective, the
paper adopts the investor's perspective in the analysis of SRI.
Previous research has examined this perspective without reach-
ing conclusive results, as noted above. This highlights the need
for further empirical analysis of the performance of this type of
investment, given its current relevance and expected continued
prominence in financial markets. Therefore, a second contribu-
tion of this paper is that it provides empirical evidence on the
performance of SRI through an analysis that considers three
relevant factors that have not been explored simultaneously
to date: ESG ETFs, the European and US markets, and, from
a methodological perspective, the integration of EGARCH and
GJR-GARCH specifications with copula approaches.

Focusing particularly on ESG ETFs, they are one of the least
explored vehicles in the SRI literature, which has traditionally
centered on mutual funds and equity portfolios. Specifically,
ESG ETFs have gained popularity among investors as they
combine the benefits of ETFs with a focus on sustainability.
ETFs are tradable financial instruments that track the perfor-
mance of an index, commodity, bond, or a collection of assets,
similar to index funds. Unlike mutual funds, ETFs are traded
on stock exchanges like individual stocks (Miralles-Quirds
et al. 2019). Their rapid growth is attributed to two main factors
(Madhavan 2016): (1) They offer diversification benefits similar
to traditional funds while providing the convenience of stock
trading on an exchange; and (2) they are typically designed to
track an underlying index, aligning with the growing preference
for passive investments. These characteristics create a diverse
range of investment opportunities. Investors are attracted to
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these assets due to a combination of personal values and the
belief that ESG investing offers a favorable trade-off between
return and risk (Kanuri 2020). As a result, ESG funds are now
viewed not only as contributors to global SDGs but also as vehi-
cles for achieving consistent financial returns (Kanamura 2021).
As anticipated, in this study, the analysis of ESG ETFs' perfor-
mance is carried out through two novel and relevant dimen-
sions: the simultaneous and comparative evaluation of different
markets and the application of a methodological approach that
has not been previously used in this context.

Regarding the markets, this research considers European and
US ESG ETFs. This is relevant because both the US and Europe
are leaders in ESG regulation and promotion. Furthermore, the
differences in regulatory frameworks and cultural contexts be-
tween these two markets provide a unique opportunity to explore
how these factors shape ESG investment performance. By incor-
porating European ESG ETFs, this study broadens the scope and
helps to address the anticipated market bias toward the United
States, offering a more comprehensive understanding of ESG
strategy performance across distinct regulatory and market en-
vironments. In fact, previous research has noted that European
investors exhibit greater ESG awareness compared to their US
counterparts (Amel-Zadeh and Serafeim 2018), whereas US
portfolio managers tend to be more skeptical about the benefits
of responsible investing (Van Duuren et al. 2016). Furthermore,
US managers typically assign low weights to environmental and
social factors but share a high regard for corporate governance
with Europeans (Van Duuren et al. 2016). Regarding consumer
preferences, research indicates that European consumers are
more inclined than their US counterparts to support responsible
businesses, driven by concerns about adherence to legal and eth-
ical standards. Conversely, US consumers tend to place greater
value on the economic performance of the firm (Maignan 2001).
These cultural and regulatory differences, along with the rich
historical data available for both equity-based and bond-based
ESG ETFs in Europe and the United States, make the compara-
tive analysis of ESG ETF performance between the two regions
particularly valuable.

The literature addressing the dynamics of ESG ETFs is relatively
recent and has primarily focused on a global scope or the United
States, yielding mixed results. In contrast, research specifically
examining the European market—despite its leading role in
promoting sustainability—remains notably limited. To the best
of our knowledge, only Landi et al. (2024) have exclusively an-
alyzed both the United States and Europe in the context of ESG
ETFs. However, their focus is on how ESG risk metrics influence
ETF performance, treating geography merely as a control vari-
able rather than exploring its role as a potential moderator. As a
result, no comparative insights into how ESG investments per-
form across these two markets are provided. Additionally, the
research of Landi et al. (2024) spans only the 2020-2023 period,
capturing short-term effects largely shaped by the COVID-19
context. In contrast, Chakrabarty et al. (2017) offer relevant
insights through a multi-country study that includes—but is
not limited to—the United States and Europe. However, their
analysis is restricted to data until 2015, limiting its relevance for
more recent trends. These authors found that European ETFs
significantly outperformed their respective indices, whereas no
significant differences were observed for US ETFs. Moreover,

they noted that during bear markets, neither region showed
performance advantages. However, these authors did not con-
struct portfolios, which limits the understanding of ESG-based
diversification strategies. Together, these studies underscore a
key gap in the literature: the lack of comparative, recent, and
long-term analyses of ESG ETF performance across regions—
particularly between the United States and Europe—which this
study seeks to address.

Focusing on the methodology, this research employs EGARCH
and GJR-GARCH specifications to model ETF return dynamics,
alongside the copula methodology to capture correlations in the
non-deterministic component of returns. Although alternative
methods exist for simulating multivariate data—such as multi-
variate regression, time series models (e.g., VAR, DCC-GARCH),
parametric joint distributions, empirical simulation techniques,
and machine learning approaches—copulas offer a significant
advantage by decoupling dependence structures from marginal
distributions. This decoupling allows for more accurate model-
ing of non-linear relationships and tail dependencies, especially
in the context of ETF returns, where such dependencies play a
crucial role in assessing their potential as diversifiers, hedges,
and/or safe havens during periods of market volatility. In com-
parison to other methodologies, such as DCC-GARCH models
or multivariate regression techniques, copulas provide a flexible
framework by modeling both the degree and structure of cor-
relations across all ETFs in the portfolio simultaneously. This
makes the analysis more robust and improves risk manage-
ment and portfolio optimization, particularly by capturing tail
dependencies that are often overlooked by traditional methods.
Whereas some studies have applied copula methodology to ESG-
related investments (Bax et al. 2023; Gorka and Kuziak 2022; He
et al. 2021; Liu and Hamori 2020), no prior research has specif-
ically used copulas to assess the performance of ESG ETFs or
simulated data derived from them. Most studies on ESG ETF
performance typically rely on standard asset pricing models—
such as CAPM, the Fama-French three- and five-factor models,
and the Carhart four-factor model—and commonly apply mul-
tiple regression techniques. A limited number of studies—such
as Asih et al. (2024), Huang (2024), Meehan and Corbet (2025),
and Sabbaghi (2011)—use GARCH models to account for time-
varying volatility. However, these approaches do not incorporate
copula methodologies to model tail dependencies, which are crit-
ical for accurately understanding ETF behavior during extreme
market conditions. In this context, the methodological innova-
tion of our study lies not in the use of GARCH models, which are
common in financial econometrics, but rather in the integration
of copulas to capture the complex, nonlinear relationships and
tail dependencies between ETFs—elements that are crucial for
comprehensive risk assessment and portfolio construction. This
combination of methodologies provides a deeper understanding
of the interactions between assets in extreme market scenarios,
a key consideration for risk management.

Finally, a third contribution of the paper lies in the time frame
covered. The analysis considers a broad and recent time period,
2014-2024, which is characterized by different economic en-
vironments, including a pandemic period. This contributes to
assessing the robustness of our results in different market en-
vironments. Importantly, 2014 marks the adoption of the Non-
Financial Reporting Directive (NFRD) in the European Union
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(EU), a regulatory milestone that significantly enhanced cor-
porate sustainability disclosures and likely influenced investor
behavior. The chosen time frame also captures the transition
from a relatively stable economic phase (2014-2019) to a crisis-
driven environment (2020-2024), shaped by the COVID-19
pandemic and subsequent geopolitical tensions such as the
Russia-Ukraine war and the Israel-Palestine conflict. As noted,
Chakrabarty et al. (2017) and Landi et al. (2024) are among the
few studies that consider the European market in their analysis
of ESG ETFs' performance, but they differ significantly from our
research. Chakrabarty et al. (2017) focus on a period ending in
2015, when sustainability regulations in Europe were less devel-
oped, which may limit the applicability of their findings to the
current European market. In contrast, Landi et al. (2024) ana-
lyze a more recent period, 2020-2023, but they acknowledge that
the relatively short time frame of their study limits their ability
to capture long-term trends, particularly in the context of ongo-
ing global challenges. In recent years, there has been an increase
in studies analyzing ESG ETF performance during times of cri-
sis. However, most of them focus on relatively short periods, typ-
ically no longer than 6years. Nofsinger and Varma (2014) and
Huang (2024) are an exception in this regard, as these studies
consider longer time frames despite their focus on periods of cri-
sis; however, they do not address Europe but rather examine the
United States. This highlights a significant gap in the literature
on European ETFs, particularly in terms of a sufficiently long
and recent study period that takes into account the impact of the
most recent crises. This research aims to fill this gap by provid-
ing a more comprehensive and up-to-date analysis of ESG ETFs
performance in Europe.

The remainder of this article is structured as follows: Section 2
reviews pertinent literature and offers an in-depth examination
of the theoretical foundations of the subject. Following this,
Section 3 presents the data and sample used in this research.
Section 4 outlines the methodology employed, and Section 5
presents and discusses the results obtained through copula and
portfolio analyses. Finally, Section 6 encapsulates the key find-
ings and conclusions of the study.

2 | Theoretical Background

The literature on sustainability in business and finance has
followed two main research lines. The first line explores the
effect of sustainability practices on corporate performance,
measured by various indicators such as return (ROA and ROE,
among others) or firm value (Tobin's Q), and default risk (Z-
score). Meta-analyses consistently highlight a significant effect
of sustainability, as measured through ESG metrics, on corpo-
rate performance (Busch and Friede 2018; Friede et al. 2015;
Huang 2021; Khan 2022; Prashar 2023) and firm survival (Vivel-
Bua et al. 2024). A second and more recent line of research fo-
cuses on the impact of SRI on investors' outcomes. It investigates
whether there is a trade-off between financial performance and
sustainability—whether investing in sustainable stocks comes at
a cost or, conversely, underperforms conventional investments
due to its alignment with contemporary societal values. The re-
sults of this research line remain inconclusive. Whereas some
studies suggest that ESG integration enhances returns, others
find neutral or even negative effects. Several economic theories

help explain these varying outcomes, offering perspectives on
both the potential benefits and limitations of ESG investing.

Theories supporting outperformance can be explained
through four key frameworks: modern portfolio theory, stake-
holder theory, resource-based view theory, and risk manage-
ment theory (Landi et al. 2024). The modern portfolio theory
(Markowitz 1952) emphasizes diversification as a key to re-
ducing risk and improving risk-adjusted returns. Integrating
ESG factors introduces additional dimensions to portfolio
construction, which may help spread risk more effectively and
lead to more stable returns. This perspective is complemented
by the stakeholder theory (Freeman 1984), according to which
firms that meet the expectations of various stakeholders—such
as employees, customers, and communities—tend to benefit
from enhanced reputational capital, reduced legal and compli-
ance costs, and stronger relationships. These advantages can
result in lower cash flow volatility, better access to financing,
and improved resilience and market performance in times of
crisis (Atif and Ali 2021; Landi et al. 2024). In addition, the
resource-based view theory (McWilliams and Siegel 2011) rein-
forces the outperformance premise. According to this theory,
companies that build internal capabilities and develop strate-
gic ESG-related resources—such as sustainability expertise
or stakeholder management systems—are better positioned to
manage risks and respond to environmental and social chal-
lenges (McWilliams and Siegel 2011). As suggested by recent
research (Tsang et al. 2023), such capabilities helped firms
navigate uncertainties brought by the COVID-19 pandemic,
helping preserve their financial performance. Finally, the
risk management theory (Bouslah et al. 2018) provides further
insights. This perspective emphasizes the proactive identifi-
cation, assessment, and management of risks. ESG strategies
can serve as early-warning tools for operational, reputational,
or regulatory risks. By addressing these factors, companies
can reduce uncertainty and financial volatility (Bouslah
et al. 2013; Demers et al. 2021). Godfrey et al. (2009) further
argue that strong ESG practices build “moral capital,” which
can act as a form of insurance, protecting firms during crises
and helping protect shareholder value.

In contrast, agency theory (Jensen and Meckling 1976) offers a
countervailing explanation that supports the possibility of un-
derperformance (Landi et al. 2024). It argues that managers may
pursue ESG strategies not to maximize shareholder value, but
to advance personal or reputational goals—potentially leading
to inefficient capital allocation. This idea is elaborated in the
theory of managerial opportunism, which suggests that execu-
tives might overinvest in ESG or CSR initiatives not to enhance
the firm's performance but to improve their own reputations
as responsible social citizens (Barnea and Rubin 2010; Bouslah
et al. 2013; Preston and O'Bannon 1997). Additionally, the win-
dow dressing phenomenon (Palazzo and Richter 2005) refers to
the strategic use of ESG as a symbolic gesture, intended to ap-
pease stakeholders without substantive impact. When investors
perceive ESG actions as insincere, confidence erodes and un-
derperformance may follow (Broadstock et al. 2021; DesJardine
et al. 2023).

Based on the theoretical perspectives outlined above, the follow-
ing hypotheses are proposed:
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Hypothesis 1. Portfolios that include ESG ETFs outperform
traditional portfolios composed exclusively of non-ESG ETFs
under normal market conditions.

This hypothesis is grounded in modern portfolio theory and
stakeholder theory, which emphasize diversification and stake-
holder engagement as drivers of financial performance.

Hypothesis 2. Portfolios that include ESG ETFs outperform
traditional portfolios composed exclusively of non-ESG ETFs dur-
ing periods of market crisis, such as the COVID-19 pandemic.

This hypothesis is supported by risk management theory and the
resource-based view, which highlight how ESG capabilities en-
hance resilience in volatile contexts.

Hypothesis 3. Portfolios that include ESG ETFs underper-
form traditional portfolios composed exclusively of non-ESG
when ESG actions are perceived as symbolic or insincere.

This hypothesis is based on agency theory and its extensions,
which suggest that ESG can reduce firm value when driven by
managerial self-interest or window dressing practices.

Despite the theoretical support for these hypotheses, the empir-
ical evidence on ESG ETFs remains fragmented. Most research
has focused on broader SRI vehicles like mutual funds and eq-
uity portfolios, with relatively limited attention paid specifically
to ESG ETFs. These financial products are gaining popularity
among investors (SEC 2023) and, as noted in the Introduction,
deserve closer examination because they combine the benefits
of ETFs—such as diversification and stock-like trading—with
a focus on sustainability. Their rapid growth is driven by their
ability to track indices and provide exposure to ESG assets, cre-
ating a favorable trade-off between risk and return for inves-
tors. However, the few studies that have specifically addressed
ESG ETFs' performance have not yielded conclusive results.
Therefore, we now review the existing literature on ESG in-
vesting, highlighting the current understanding of ESG ETFs'
financial performance and identifying gaps that this study aims
to address. Table 1 presents a summary of previous literature
on this topic. As shown in this table, the literature within this
research branch can be broadly categorized according to the
period analyzed. On the one hand, some studies adopt a long-
term perspective that extends beyond periods of financial tur-
moil (Chakrabarty et al. 2017; Dumitrescu et al. 2023; Fiordelisi
et al. 2023; Kanuri 2020; Lobato et al. 2021; Miralles-Quirds
et al. 2019; Plagge and Grim 2020; Sabbaghi 2011). On the other
hand, a more recent and distinct line of research has emerged,
focusing primarily—or exclusively—on the performance of
ESG ETFs during crisis periods, such as the COVID-19 pan-
demic (Asih et al. 2024; Folger-Laronde et al. 2022; Huang 2024;
Kanamura 2021; Landi et al. 2024; Meehan and Corbet 2025;
Mirza et al. 2025; Naffa and Fain 2020; Nofsinger and
Varma 2014; Omura et al. 2021; Pavlova and de Boyrie 2022;
Valadkhani and O'Mahony 2024). Most of these studies focusing
on crisis periods concentrate on short-term horizons. Nofsinger
and Varma (2014) and Huang (2024) are exceptions, covering a
decade-long period. Nevertheless, these authors are classified
within crisis-focused literature due to its primary emphasis on
crises.

Among the studies that take a long-term perspective beyond
periods of financial turmoil, Sabbaghi (2011) stands out as one
of the earliest contributions. Adopting a global perspective,
this author concludes that green ETFs are not protected from
market volatility, as evidenced by return declines during the
2008-2009 financial crisis. Building on such evidence, a num-
ber of subsequent studies have also adopted a global scope,
comparing the performance of sustainable ETFs with their
conventional counterparts—although many retain a primary
focus on US investments. In fact, to the best of our knowl-
edge, no studies within this branch have explored markets
beyond the global or US scope. Overall, the findings of these
studies reveal that ESG ETF performance varies significantly
depending on the market, asset class, and methodology em-
ployed. For instance, Chakrabarty et al. (2017) find that CSR-
oriented ETFs generally perform in line with their benchmark
indexes, with some outperforming based on Jensen's alpha.
However, these ETFs fail to act as safe havens during down-
turns, as they do not consistently outperform in bear markets.
Similarly, Kanuri (2020) shows that ESG equity ETFs tend to
underperform relative to global and US benchmarks, although
occasional outperformance is observed during bear and bull
markets. Lobato et al. (2021) find no significant performance
difference between SRI and conventional ETFs. Meanwhile,
Fiordelisi et al. (2023) highlight that ESG ETFs outperform
non-ESG counterparts primarily during periods of height-
ened climate change awareness—such as after the 2015 Paris
Agreement—but this advantage diminishes during economic
downturns, when investors appear to revert to traditional in-
vestment strategies. Collectively, these findings suggest that
ESG ETFs do not consistently outperform non-ESG ETFs
across all market conditions.

Focusing more specifically on the US market, Miralles-Quirés
et al. (2019) demonstrate that integrating SDG-aligned equity
and bond ETFs into a traditional stock-bond portfolio enhances
overall performance. In contrast, Plagge and Grim (2020), using
a broad dataset of ESG index and actively managed mutual
funds and ETFs, report considerable heterogeneity in perfor-
mance. After adjusting for risk factors, most funds show neither
significant outperformance nor underperformance, with indus-
try allocations playing only a minor role. Expanding on this line
of inquiry, Dumitrescu et al. (2023) compare the alpha of passive
SRI ESG ETFs to non-SRI benchmark ETFs. Over the full sam-
ple period, the equally weighted SRI portfolio underperforms its
benchmark; however, no significant differences are observed in
the second half of the period, and some outperformance is re-
corded in the final twoyears. Taken together, these findings in-
dicate that even within the US market—despite being the most
frequently studied—the performance of ESG ETFs remains
inconclusive.

Previous investigations that specifically examine periods of
crisis have also predominantly adopted either a global or US
perspective. Among those with a global scope, Pavlova and de
Boyrie (2022), Mirza et al. (2025), and Naffa and Fain (2020)
provide key insights. Pavlova and de Boyrie (2022) observe that,
although ESG equity ETFs are not immune to losses, they tend
to perform in line with the broader market during downturns.
Notably, they find that ESG ETFs with lower sustainability rat-
ings outperformed both the market and higher-rated peers in the
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lead-up to the COVID-19 crash—a counterintuitive result that
invites further investigation. Adding another dimension, Mirza
et al. (2025) examine the combined role of Sharia-compliant and
ESG investments in global portfolio optimization. Their find-
ings highlight the stabilizing influence of Sharia-compliant as-
sets during periods of volatility, although ESG ETFs appeared
to play a more opportunistic role. Furthermore, they report no
consistent outperformance of ESG assets during the pandemic,
despite selective periods of increased allocation. Naffa and
Fain (2020) extend this discussion by focusing on ESG-themed
megatrend portfolios. Their results show strong performance
in areas such as energy efficiency, food security, water scarcity,
and governance-related innovation. Yet, once risk factors are ac-
counted for, the statistical significance of this outperformance
diminishes. Still, they conclude that ESG investing does not en-
tail a sacrifice in returns, even when accounting for high trans-
action costs.

In contrast, and within the body of previous research focused
on analyzing periods of crisis, studies with a US focus are
more abundant and often highlight the resilience of ESG in-
vestments during market downturns. For instance, Nofsinger
and Varma (2014) demonstrate that SRI equity mutual funds,
including some ETFs, outperformed during crisis periods,
though this outperformance was generally counterbalanced
by underperformance during non-crisis periods. Building on
this, Kanamura (2021) specifically examines ESG high-yield
bond ETFs, which he finds to have outperformed their con-
ventional counterparts during market downturns, further em-
phasizing the defensive role of ESG investments in times of
stress. When looking at broader indices, Omura et al. (2021)
find that MSCI SRI indices, which span global, the United
States, and other regions, consistently outperformed con-
ventional indices both before and during the pandemic, with
some regions showing statistically significant excess returns.
Despite this, they note that US-focused ESG ETFs did not
demonstrate superior performance, highlighting a more mixed
picture in the US market. Similarly, Huang (2024) compares
ESG ETFs with oil and gas ETFs during the COVID-19 period
and finds that the former provided better downside protection.
However, he notes that ESG ETFs did not show superior risk-
adjusted returns. Over the longer term (2012-2022), his anal-
ysis indicates that ESG ETFs did not outperform oil and gas
ETFs, producing neutral returns on average. This aligns with
findings from Valadkhani and O'Mahony (2024), who observe
that whereas some ESG ETFs performed well under extreme
market conditions, others did not, indicating that the financial
success of these funds often depends on fund selection rather
than a clear-cut advantage of ESG strategies. Further contrib-
uting to the discussion, Meehan and Corbet (2025) explore
the performance of SRI ESG ETFs during the COVID-19 pan-
demic and show that they outperformed SIN ETFs, demon-
strating greater resilience, higher returns, and lower volatility
in response to pandemic-related market shocks. Whereas SIN
ETFs experienced greater declines and volatility during sig-
nificant COVID-19 events, SRI ETFs exhibited more stable
and positive returns. However, in a brief reversal, they note
that during the announcement of the Omicron variant, SIN
ETFs temporarily outperformed SRI ETFs, reflecting the
unpredictable nature of market reactions even within ESG-
focused investments.

Beyond studies focused on the US or global markets, research
examining periods of crisis in other regions remains limited. For
example, Folger-Laronde et al. (2022) examine Canada and show
that ETFs with Eco-fund ratings failed to prevent losses during
the COVID-19 pandemic. In contrast, Asih et al. (2024), studying
the Indonesian market, find that ESG equities offered diversifica-
tion benefits, particularly during the pandemic. Similarly, Landi
et al. (2024), focusing on both the United States and Europe, ob-
serve a positive correlation between higher ESG standards and the
financial performance of ETFs, especially during the pandemic.

Regarding the methodology applied in earlier studies, Table 1
shows that research on the performance of ESG ETFs has predom-
inantly used multivariate regressions to calculate risk-adjusted
metrics, employing the CAPM model and its extensions, such as
Carhart's four-factor model and the Fama-French three-factor
and five-factor models (Chakrabarty et al. 2017; Dumitrescu
et al. 2023; Kanuri 2020; Lobato et al. 2021; Naffa and Fain 2020;
Nofsinger and Varma 2014; Omura et al. 2021; Pavlova and de
Boyrie 2022). The methodology extends beyond OLS regres-
sions, with some studies incorporating additional techniques like
ANOVA and Tukey tests (Folger-Laronde et al. 2022), LOGIT
models (Landi et al. 2024), price correlation and volatility mod-
els, and GMM (Naffa and Fain 2020). More recently, some studies
have employed GARCH models to account for time-varying vol-
atility (Asih et al. 2024; Huang 2024; Meehan and Corbet 2025;
Sabbaghi 2011). However, none of these investigations have spe-
cifically employed copulas in the context of ESG ETFs, although
they have been used in related ESG research. In particular, Gérka
and Kuziak (2022) compare return volatility between selected
ESG and conventional indices, employing copulas to analyze tail
dependence. Their findings indicate that diversification benefits
fluctuate over time, highlighting the need for separate analyses
during crisis and stabilization periods. Similarly, Bax et al. (2023)
focus on evaluating the informativeness of ESG scores, especially
in assessing tail risk. Their analysis of return data and ESG met-
rics identifies significant positive ESG risks, notably during the
2008 financial crisis. This indicates that, during the crisis, ESG
indicators provided important signals about financial risks.
Additionally, Liu and Hamori (2020) and He et al. (2021) use cop-
ula analysis to investigate extreme dependencies between invest-
ments in top-rated ESG companies and renewable energy firms.
Their results suggest that ESG stocks effectively enhance risk-
adjusted returns and mitigate downside risk in renewable energy
portfolios. Collectively, these analyses offer valuable insights into
the potential of ESG investments and their impact on risk and
return dynamics, particularly concerning tail risk and extreme
dependencies during various market conditions. Given these find-
ings, it is plausible that similarly favorable outcomes may apply to
ESG ETFs—an assumption this study seeks to investigate.

3 | Dataand Sample

As previously introduced, this paper presents an empirical anal-
ysis of the diversification, hedge, and safe-haven properties of
ESG equity and bond ETFs in comparison to traditional ETFs,
along with an examination of their implications for risk man-
agement. The study uses weekly price data of the selected ETFs,
covering the period from January 3, 2014, to November 29, 2024.
Weekly data are preferred over daily data because they reduce
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disruptions and noise that can make it harder to identify un-
derlying patterns and complicate the modeling process. In fact,
daily data can be affected by unpredictable changes, varying
variances, and long-term trends, as noted by Reboredo (2013).
The choice of this time frame (2014-2024) is based on data avail-
ability, particularly for bond funds, which constitute a relatively
recent and less frequently studied facet within the two typol-
ogies explored in this research. Notably, ESG bond ETFs with
launch data prior to 2014 are not listed in the Refinitiv Eikon
database for the United States, making 2014 the earliest feasible
starting point for a comprehensive analysis.

The chosen period is particularly relevant to this study's objec-
tives for several reasons. First, 2014 marked the adoption of the
NFRD in the European Union, a regulatory milestone that sig-
nificantly influenced corporate sustainability disclosures and,
consequently, investor behavior. This regulatory shift provides
a critical context for examining the evolution and impact of
ESG investments. Furthermore, this time frame allows for the
assessment of ESG investing under two distinct market sce-
narios: a phase of relative stability (2014-2019) and a phase of
pronounced crisis (2020-2024). The latter includes significant
global disruptions, beginning with the initial shockwaves of
the COVID-19 pandemic, followed by the pandemic's broader
economic impacts, and further exacerbated by geopolitical con-
flicts, such as the Russia-Ukraine war and the Israel-Palestine
conflict. These contrasting periods provide a unique opportu-
nity to evaluate the resilience and performance of sustainable
investments under varying market conditions.

The present analysis focuses on ETFs holding stocks and bonds.
These asset categories are among the most common assets found
in investment portfolios and have traditionally served as reliable
instruments for institutional asset managers and individual in-
vestors seeking stability during turbulent market conditions.
Their effectiveness in this regard is primarily attributed to their
low correlation, offering investors who hold both asset classes
valuable diversification advantages, as detailed by Miralles-
Quirés et al. (2019).

TABLE 2 | Characteristics of the selected ETFs.

Specifically, the most relevant ETFs for each market—Europe
and the United States—were selected based on their total net
assets under management. Additional criteria included (1) active
funds launched on or before 2014, (2) asset type (bonds and equi-
ties), and (3) geographical focus (Europe and the United States).
The main goal of this research is to evaluate the risk management
benefits of including ESG ETFs in a portfolio that consists solely
of traditional stock and bond ETFs. To ensure a thorough com-
parison, conventional European and US ETFs were also filtered
using the same criteria applied to ESG ETFs. Table 2 provides an
overview of the selected ETFs for each market and asset type,
highlighting their key characteristics. It is relevant to note that
conventional and ESG equity-based ETFs within each market
have similar industry weights. For more details, Table A1 pres-
ents a dataset codebook with ETF identifiers and data sources.

Weekly price data for the selected ETFs were obtained from the
Thomson Reuters Eikon database. The calculation of continu-
ously compounded weekly returns involved computing the natu-
ral logarithm difference between two consecutive prices within
the time series. This methodology was employed to ensure pre-
cision in return calculations and maintain data consistency.
To facilitate visual representation, Figure 1 displays the time
paths of weekly returns for each of the ETFs under examination
throughout the sample period. This graphical illustration serves
to convey the dynamics and trends in returns for the ETFs in
question, offering a visual perspective on their performance over
the specified time frame. Clear trends in the data are not read-
ily discernible; however, certain facets of ETF dynamics merit
attention. Firstly, it is apparent that the volatility of bond-based
ETFs is notably lower than that of equity-based ETFs. Secondly,
both categories of ETFs, encompassing those with a geographical
focus on Europe and the United States, as well as those based
on bonds and equities, exhibit significant shifts coinciding with
the onset of the pandemic. This period witnessed a marked and
abrupt decline, followed by a substantial resurgence.

Table 3 provides a thorough overview of the descriptive statistics
and stochastic properties of weekly returns. It is worth noting that

Geographical focus ESG/conventional Asset type Asset name Abbreviation
Europe ESG Equity iShares MSCI Europe SRI TUSK.AS
UCITS ETF EUR (Acc)
Bonds iShares € Corp Bond Interest Rate IRCP.L
Hedged ESG UCITS ETF
Conventional Equity Vanguard European Stock Index Fund ETF VGK
Bonds iShares € High Yield Corp Bond IHYG.L
UCITS ETF EUR D
USA ESG Equity iShares MSCI KLD 400 Social ETF DSI
Bonds SPDR Bloomberg SASB US HY SINK.L
Corp ESG UCITS ETF Dis
Conventional Equity SPDR S&P 500 ETF Trust SPY
Bonds Vanguard Total Bond Market Index Fund ETF BND.O
Business Strategy and the Environment, 2025 9
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those based on equity manifest a positive mean value over the en-
tire sampling period, whereas those based on bonds show a nega-
tive mean. Furthermore, these mean values are proximate to zero,
signifying a balanced distribution of returns. In terms of volatility,
the standard deviation consistently surpasses the mean for all the
ETFs, suggesting notable fluctuations in returns. Generally, ETFs
focusing on Europe exhibit higher standard deviations when com-
pared to their US counterparts, though ITUSK.AS represents an ex-
ception in this regard.

Skewness values uniformly exhibit negativity, ranging from
—11.4984 to —0.2125, indicating a leftward skew in the distribu-
tion. This asymmetry implies a proclivity for lower returns, thus
underscoring an increased susceptibility to downside risk. US
ETFs, on average, tend to display more negative skewness, with
a few exceptions such as BND.O, which exhibits less negative
skewness than its European counterpart. All ETFs exhibit excess
kurtosis, with values ranging from 3.2939 to 209.7360, signify-
ing an elevated probability of extreme values when compared to a
standard normal distribution. In general, US ETFs tend to display
higher excess kurtosis when contrasted with those with a focus
on Europe, again with the exception of BND.O, which demon-
strates lower excess kurtosis than its European counterpart.

In the context of evaluating the stochastic properties of the data,
a series of tests has been employed. Firstly, the Jarque-Bera (JB)

IUSK.AS
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test is applied to assess the normality assumption of the data-
set. Remarkably, for all examined ETFs, the null hypothesis,
which posits normality, is rejected at a significance level of 1%.
Subsequently, the Ljung-Box test is administered to explore the
presence of serial correlation within the returns and squared re-
turns, utilizing lag values of 10 and 20. Regarding returns, we
fail to reject the null hypothesis of absence of autocorrelation at
a 1% significance level in all cases, except for SINK.L. However,
concerning squared returns, it is rejected for all ETFs, except for
DSI. Lastly, the ARCH-LM test is conducted to scrutinize the
presence of autoregressive conditional heteroskedasticity, em-
ploying lag values of 10 and 20. The null hypothesis of homoske-
dasticity is rejected at a 1% significance level for all analyzed
ETFs, with the exception of DSI. In summary, the results of
these comprehensive tests collectively affirm the departure from
several fundamental statistical assumptions, including normal-
ity, autocorrelation, and homoskedasticity, underpinning the
complex nature of the financial data under investigation.

Figures 2 and 3 present the Pearson correlation matrices for the
returns of ETFs with a geographical focus on Europe and the
United States, respectively. Remarkably, all computed correla-
tions exhibit a positive sign and hold statistical significance at
the 1% level of confidence. In the case of the European-focused
ETFs, the coefficients vary between 0.582 and 0.943. Meanwhile,
for the US-focused ETFs, Pearson correlation coefficients span a
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FIGURE 2 | Pearson correlation matrix for European ETFs' weekly returns. Note: * denotes statistical significance at the 10% level; ** denotes

statistical significance at the 5% level; *** denotes statistical significance at the 1% level.
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FIGURE 3 | Pearson correlation matrix for US ETFs' weekly returns. Note: * denotes statistical significance at the 10% level; ** denotes statistical

significance at the 5% level; *** denotes statistical significance at the 1% level.

range from 0.122 to 0.639 for the pairwise combinations. These
findings underscore the presence of substantial and statistically
significant linear relationships among the returns of these ETFs,
both within the European and US contexts.

4 | Methodology

4.1 | Analysis of the Diversification, Hedge,
and Safe-Haven Properties of the ETFs

Following Mensi et al. (2015) and Reboredo (2013), this research
uses ARMA(p,q) models to characterize weekly ETFs' return
dynamics. This specification is chosen for its ability to capture
inherent characteristics of returns, including fat tails, asymme-
tries, and leverage.

The ARMA(p,q) model is represented by the equation:

p
r=p+ Z <I>jr1_j + Z 0,6+ & (1)
Jj=1 h=1

q
where y s the constant term, ®; are autoregressive coefficients re-
flecting the influence of past values on the current value, 8, denote
moving average coefficients representing the impact of past error

terms, and p and q are the lags. The error term, denoted €,, is mod-
eled as ¢, = 0,z;, where the innovation z, follows a skew Student-t
distribution and &2 represents the conditional variance.

The dynamics of the conditional variance are modeled using
either GJR-GARCH or EGARCH specifications. As reported
in previous literature, both are well suited for modeling asym-
metries in volatility, particularly when conditional variance in-
creases more sharply after negative shocks than positive shocks
of the same magnitude. The choice between these two models is
made by comparing their Akaike Information Criterion (AIC)
values, with the model exhibiting the lowest AIC selected as the
best fitting and most parsimonious representation of the data.
Before this selection, candidate models are required to pass a
series of diagnostic tests to ensure their statistical adequacy.

A GJR-GARCH model is specified as follows:

r m m
2 2 2 2
o, =w+ Z ﬂkat_k + Z ape;, + Z yhst_hI,_h @)
k=1 h=1 h=1

where  is the constant term, g, a,,,y, are coefficients deter-
mining the contribution of past error terms to the conditional
variance, and r and m denote the lags. The term ¢,_, represents
the error term at time t—h, and I,_, is an indicator function
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taking the value of 1 if ¢,_, < 0 and 0 otherwise. Therefore, the
components fo” , ape’ ,, and Aye; I, ,, respectively, capture
the effects of past conditional variance and squared past error
terms and introduce asymmetry by considering additional im-
pact on conditional variance when ¢,_, is negative, representing
the leverage effect.

Similarly, an EGARCH specification takes the form of

Et—h “
Zthy 4 Z Y2

r m
log(af) =w+ 2 ﬂklog(af_k) + 2 ay,
k=1 h=1

Orn

where  is the constant term, f, measures the persistence of
past logarithmic conditional variances, and «;, captures the
effect of standardized past shocks (|,_, /o,_,]) on the current
log-variance. Finally, y, introduces asymmetry in the variance
dynamics, capturing the leverage effect, where negative shocks
can have a disproportionately larger impact on the conditional
variance than positive shocks. This logarithmic specifica-
tion ensures that the conditional variance is always positive,
avoiding the need for explicit non-negativity constraints on the
parameters.

Once these models are estimated, copulas are applied to the
standardized residuals of the ETFs of each market (Europe and
the United States). Introduced by Sklar (Sklar 1959), copulas
serve as a valuable tool for comprehending the relationships
among multivariate outcomes. They establish a connection be-
tween univariate marginals and the multivariate distribution,
facilitating a nuanced exploration of the relationships between
different variables (Frees and Valdez 1998). According to Sklar's
theorem, the copula can be formally defined as a multivariate
distribution with its univariate margins following a uniform dis-
tribution U(0,1) (Joe 2014). Thus, it satisfies

F(xp, .. .xg) = C(Fy(xy), ..., Fa(xq)) @
where F is a d-variate distribution such that F ¢ F(Fy, ... ,F,)
and C is the copula associated with F.

Concretely, this paper employs vine copulas, which are in-
creasingly applied to address high-dimensional probabilistic
modeling problems in recent ESG-related literature (e.g., Bax
et al. 2023; Gorka and Kuziak 2022). To avoid the direct use
of an N-dimensional copula, vine copulas decompose the joint
distribution into conditional probabilities, which are then de-
composed into bivariate copulas (du Toit 2023). Vine copulas
enable the modeling of complex dependency relationships
among multiple variables, including nonlinear and asymmet-
ric dependencies. This approach overcomes the limitations of
traditional multivariate copulas, such as Gaussian or Student-t
copulas, which impose rigid, symmetric dependency struc-
tures and often fail to capture tail asymmetries or localized
dependence. Specifically, this research examines R-vine copu-
las (regular vine copulas), which include both D-vine (dynamic
vine) and C-vine (canonical vine) structures. Regular vine
copulas offer a more interpretable and computationally trac-
table alternative to nested vine copulas, as they require fewer

parameters and are less prone to overfitting. Depending on the
dependence structure of the data, we select the best-fitting sub-
class between the C-vine and D-vine. As described in Afifah
et al. (2018), a regular vine is classified as a C-vine when each
tree T_i contains a node of maximum degree, forming a star
structure, although it is considered a D-vine when nodes in
the first tree T_1 have a maximum degree of two, forming a
path structure. C-vine copulas are suitable for hierarchical de-
pendence with a central dominant variable, whereas D-vines
accommodate more flexible, sequential dependencies without
a central node. In this study, the choice between D-vine and
C-vine copula constructions is guided by AIC, which is also the
default model selection criterion in the statistical software em-
ployed. The AIC allows for a consistent and data-driven com-
parison between different vine structures by balancing model
fit and complexity.

Moreover, the choice of vine copulas is also motivated by
their superior flexibility in modeling heterogeneous depen-
dence structures compared to alternative approaches such as
multivariate elliptical copulas (e.g., Gaussian or t-copulas) or
copula-GARCH hybrids (Engle 2002; Andersen et al. 2006;
Halbleib and Voev 2016). As noted in Wang et al. (2017), vine
copulas outperform these models in capturing complex, local-
ized, and asymmetric tail dependencies frequently observed
in financial data. Therefore, the methodological framework
adopted here is not only theoretically robust but also consis-
tent with recent advances in empirical research.

This study implements a diverse range of bivariate copula fam-
ilies, including Gaussian, Student-t, Clayton, Gumbel, Frank,
Joe, BB1, BB6, BB7, and BBS, along with their respective ro-
tated versions (90°, 180°, and 270°), which are widely available
in standard statistical software for pair-copula construction.
The selection of the appropriate copula family for each pair of
variables is performed based on AIC, which is the default model
selection criterion implemented in the statistical package used.
The AIC is favored in this context as it tends to balance model
fit and complexity without being as conservative as the Bayesian
Information Criterion (BIC), which penalizes model complexity
more heavily. This makes AIC particularly suitable when the
goal is to capture the dependence structure accurately without
risking underfitting. Among the candidate copulas, the one with
the lowest AIC is chosen, ensuring a statistically sound fit to the
dependence structure of the data. Based on the selected copu-
las, we derive insights into the diversification, hedge, and safe-
haven properties of ETFs. According to Baur and Lucey (2010),
Baur and McDermott (2010), and Kaul and Sapp (2006), these
properties can be defined as follows:

« A diversifier is characterized as an asset that, on average,
exhibits a positive correlation (albeit not perfect) with an-
other asset or portfolio.

« A hedge is delineated as an asset that, on average, main-
tains an uncorrelated or negatively correlated relationship
with another asset or portfolio.

« A safe haven is characterized as an asset that, during peri-
ods of turmoil, exhibits an uncorrelated or negatively cor-
related relationship with another asset or portfolio.
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TABLE 4 | Copula families and diversification, hedge, and safe-haven properties.

Potential
Average Potential based on based on tail
Copula family dependence average dependence Tail dependence dependence
Gaussian Positive/negative Positive (non- Ap=4y=0 Safe haven in bear
perfect): diversifier and bull markets
Negative: hedge
Student-t Positive/negative Positive (non- Ap=4y>0
perfect): diversifier
Negative: hedge
Clayton Positive Positive (non- A >0, A4y=0 Safe haven in
perfect): diversifier bull market
Gumbel Positive Positive (non- Ap=0, x>0 Safe haven in
perfect): diversifier bear market
Frank Positive/negative Positive (non- AL =4y=0 Safe haven in bear
perfect): diversifier and bull markets
Negative: hedge
Joe Positive Positive (non- AL=0, Ay >0 Safe haven in
perfect): diversifier bear market
BB1 Positive Positive (non- AL 20, Ay>0,4;# Ay It can be a safe
perfect): diversifier ifA £00r A 0 haven in bear and/
(f k “ ) or bull markets
BB6 Positive Positive (non- AL 20, Ay>0,4; # 4y It can be a safe
perfect): diversifier ifA £00r A %0 haven in bear and/
(f t “ ) or bull markets
BB7 Positive Positive (non- AL 20, Ay>0,4;# Ay It can be a safe
perfect): diversifier ifA £00r A 0 haven in bear and/
(f t “ ) or bull markets
BBS8 Positive Positive (non- AL 20, Ay>0,4p# Ay It can be a safe
perfect): diversifier if 4, £00r A #0 haven in bear and/
(f t “ ) or bull markets
Survival Clayton Positive Positive (non- Ay =0, ;>0 Safe haven in
perfect): diversifier bear market
Survival Gumbel Positive Positive (non- A >0, A4y=0 Safe haven in
perfect): diversifier bull market
Survival Joe Positive Positive (non- AL >0, Ay=0 Safe haven in
perfect): diversifier bull market
Survival BB1 Positive Positive (non- AL 20, Ay=0,4;# Ay It can be a safe
perfect): diversifier (if AL #0 or 4, #0) haven in bear and/
or bull markets
Survival BB6 Positive Positive (non- AL 20, Ay20,4,#4y It can be a safe
perfect): diversifier if A £00r A 0 haven in bear and/
(f t “ ) or bull markets
Survival BB7 Positive Positive (non- AL 20, Ay=0,4;# Ay It can be a safe
perfect): diversifier if A £00r A 0 haven in bear and/
(f t “ ) or bull markets
Survival BB Positive Positive (non- AL 20, Ay>0,4,# 4y It can be a safe

perfect): diversifier

(if A, #00r 4,7#0)

haven in bear and/
or bull markets

(Continues)
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TABLE 4 | (Continued)

Potential
Average Potential based on based on tail
Copula family dependence average dependence Tail dependence dependence
Rotated Clayton Negative Hedge A, =0, ;=0 Safe haven in bear
(90°) and bull markets
Rotated Gumbel Negative Hedge Ap=0, A4z=0 Safe haven in bear
(90°) and bull markets
Rotated Joe (90°) Negative Hedge A =0, Ay=0 Safe haven in bear
and bull markets
Rotated BB1 (90°) Negative Hedge AL=0, ;=0 Safe haven in bear
and bull markets
Rotated BB6 (90°) Negative Hedge AL=0, A;=0 Safe haven in bear
and bull markets
Rotated BB7 (90°) Negative Hedge AL =0, 4;=0 Safe haven in bear
and bull markets
Rotated BB8 (90°) Negative Hedge AL =0, ;=0 Safe haven in bear
and bull markets
Rotated Clayton Negative Hedge Ap=0, 4z=0 Safe haven in bear
(270°) and bull markets
Rotated Gumbel Negative Hedge Ap=0, Ay=0 Safe haven in bear
(270°) and bull markets
Rotated Joe (270°) Negative Hedge Ap=0, A4y=0 Safe haven in bear
and bull markets
Rotated BB1 (270°) Negative Hedge AL=0, ;=0 Safe haven in bear
and bull markets
Rotated BB6 (270°) Negative Hedge AL =0, ;=0 Safe haven in bear
and bull markets
Rotated BB7 (270°) Negative Hedge AL =0, ;=0 Safe haven in bear
and bull markets
Rotated BB8 (270°) Negative Hedge Ap=0, 4z=0 Safe haven in bear
and bull markets
Note: A; and Ay denote lower and upper tail dependence, respectively.
In accordance with these definitions, this article adopts the | Caleulating continuously compounded weekly returns for cach ETF |
view that an asset serves as a diversifier when exhibiting posi- A4
. . | Modeling returns dynamics with ARMA and GARCH models |
tive and non-perfect average dependence. Conversely, it is con- RS
sidered a hedge when average dependence is negative or does | S““‘*a““z"f;“““'d“ﬂ“ |
not exceed 0.05. Additionally, the concept of a safe haven is | Computing the cumulative distibution function (cdf ) of the standardized residuals |
applied when tail dependence is zero or does not exceed 0.05, | — 1 — Y — |
electing the best fitting copula to capture dependence between the cdfs of the ETFs of each market and perio
offering protection against extreme bearish market conditions R5
I |

when lower tail dependence is zero and safeguarding against
extreme bullish market conditions when upper tail depen-
dence is zero. Table 4 presents the copula families examined
in this study, providing an overview of their diversification,
hedge, and safe-haven properties based on their average and
tail dependence.

Figure 4 summarizes the procedure applied in the examination
of the potential diversification, hedge, and safe-haven properties
of the ETFs.

Drawing ions about the

hedge and safe-haven propertics of cach ETF

FIGURE 4 | Steps followed to assess the ETFs' diversification,
hedge, and safe-haven properties.

4.2 | Portfolio Analysis

Two portfolios are designed for each market and period under
consideration: (1) consisting of both conventional and ESG ETFs
and (2) comprised solely of conventional ETFs. The purpose of

16

Business Strategy and the Environment, 2025

85UB017 SUOLULLIOD BAIRERID 3|ed! dde 8u) Ag peuenob a1e o 1Le YO 88N JO S9N 10} AXe1g 17 8UIIUO /8|1 UO (SUORIPUOD-PUR-SWLSY WO A8 1M ARe.q Ul UO//SdIY) SUORIPUOD PUE SIS L U3 885 *[G202/2T/0T] U0 AReigi8uliuo AB|iM ‘(PepILES 3P OLBISIUIIN) UOKSIAOA [EUOIEN SLRIUO0D USIUedS AQ 60£0. 350/200T OT/10p/0d"AB] imAe.q 1 ju!uo//sduy woiy pepeoiumod ‘0 ‘9e80660T



this analysis is to evaluate and compare the risk exposure as-
sociated with each portfolio. Should the portfolio incorporating
ESG ETFs demonstrate lower risk, it implies that ESG invest-
ments may not only be motivated by ethical considerations but
also by risk-related factors. In this assessment, the research pro-
ceeds through a series of steps:

1. Simulation: the procedure commences with simulating
1000 paths of the skew Student-t cumulative distribution
function (cdf) for the standardized residuals of each ETF,
based on the copula selected for each market and period.

2. Conversion to standardized residuals: The simulated val-
ues are subsequently transformed into standardized re-
siduals using the quantile function of the skew Student-t
distribution.

3. Transformation to residuals: The standardized residuals
are further transformed into residuals by taking the prod-
uct of the standardized residuals and the sigma of the cho-
sen ARMA-GARCH model, following the expression:

€ = 017

4. Addition to fitted values: Finally, these residuals are added
to the fitted values of the selected ARMA-GARCH model
for each ETF.

5. Transformation to simple returns: Converting log returns
into simple returns.

This comprehensive process aids in the modeling of mar-
ket dynamics for the given ETFs and serves as the founda-
tion for a forward-looking evaluation of the models' practical
performance.

The simulation procedure described above enables the evalua-
tion of ETF behavior and portfolio performance under a broad
range of hypothetical scenarios, based on the dependence struc-
ture and marginal distributions estimated from historical data.
This forward-looking approach offers a flexible alternative to
conventional pseudo out-of-sample validation by generating
synthetic but plausible market conditions consistent with the
estimated models. Thus, it allows us to assess the stability and
practical relevance of the copula-GARCH framework beyond
the estimation period.

From the simulated data, two different portfolios are designed
under two constraints: the sum of the weights is set to be equal
to the unit and short selling is not allowed:

1. Minimum standard deviation portfolio: The optimizer tries
to find the portfolio that minimizes risk.

2. Maximum quadratic utility portfolio: The optimizer seeks
to identify the portfolio that maximizes expected returns
while accounting for the associated risk. Specifically,
quadratic utility maximizes expected returns while im-
posing a quadratic penalty on risk. A risk aversion value
of 1 is used, signifying moderate risk aversion, where the
investor reasonably penalizes risk (variance) but remains
willing to accept some level of risk in pursuit of higher
returns.

For the portfolio analysis, the continuously compounded re-
turns are transformed into simple returns. According to
Dorfleitner (2003), the choice between simple returns and log
returns depends on the focus of the analysis, particularly when
addressing portfolio aspects within the realm of classical capi-
tal market theory. The simplicity and convenient portfolio addi-
tivity property associated with simple returns make them well
suited for discussions within this framework. However, cau-
tion is advised when attempting to approximate this additivity
property with log returns unless there is compelling evidence to
support such a transition. On the other hand, due to its advanta-
geous time additivity property, the log return finds its suitability
in time series models, such as GARCH models. Consequently, in
the initial section of this article, where GARCH models are em-
ployed to facilitate the application of copulas, log returns are uti-
lized. However, in this specific segment of the study, dedicated
to determining the asset weights in the investment portfolio, the
use of simple returns is deemed more appropriate. This deliber-
ate choice reflects a thoughtful consideration of the analytical
requirements of each modeling approach within the broader
context of the research.

In alignment with Miralles-Quiro6s et al. (2019), the methodology
employed in this study to compute portfolio weights adopts a roll-
ing window approach. Let M denote the length of the estimation
window for the parameters, set at M =26 weeks in this research,
which is equivalent to approximately 6 months. At each week ¢,
commencing from t=M+1, the estimation of portfolio weights
is conducted by utilizing return observations from the preceding
M trading weeks. This process is iteratively applied, advancing
the sample period by 1week at a time, to consistently compute
weights for subsequent weeks. Hence, the time frame selected for
assessing the risk mitigation potential spans from July 11, 2014,
to November 29, 2024. The portfolio analysis is divided into the
following subperiods: the pre-crisis period, from July 11, 2014,
to December 27, 2019; the COVID-19 transition phase, from
January 3, 2020, to June 26, 2020; and the crisis period, from July
3, 2020, to November 29, 2024. It is crucial to separate the tran-
sition phase from the crisis period in the portfolio analysis, as
the initial 6 months of COVID-19 were marked by unprecedented
volatility driven by the pandemic's onset. The crisis period also
involved additional factors, such as geopolitical conflicts. This
distinction allows for a more accurate assessment of market re-
actions during these distinct phases of turmoil.

Once portfolio weights are estimated, the return and risk-
reducing potential of each portfolio is analyzed through differ-
ent measures, reported in annualized terms:

« Mean return

« Standard deviation (SD)

o Semi-deviation:

Semi — deviation =

®)

where n is the total number of observations below the mean, r,
denotes the observed return value in week ¢, and 7 is the mean
return.
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« Downside deviation (DD):

©

where n is the total number of observations below T, r, denotes
the observed return value in week ¢, and T is the threshold. In
this paper, the target is set at a value of 0.

o Historical VaR

Pr(rt <VaR/| Wt—l) =P @
where r, denotes the observed return value in week ¢, (1—p) is
the confidence interval, set at the 95%, and y,_, represents the

past information available at time t— 1.

« Historical ES

E[r| 1, < VaR,(p)] ®

where r, denotes the observed return value in week ¢t and VaR,(p)
is the value at risk at the confidence level p.

o Return-risk ratio

Return — risk ratio =

©

g~

where 7 is the mean return and SD denotes the standard devia-
tion of returns.

« Return-DD ratio

;

DD (10)

Return — DD ratio =

where 7 is the mean return and DD denotes the downside
deviation.

For each ETF, 1000 simulated paths are generated. Within each
path, portfolios are constructed, and the relevant measures are
calculated. Subsequently, the average of each measure across all
simulated paths is determined. These computed averages are
then compiled and presented for each of the markets under con-
sideration for further analysis and interpretation in Section 5.3.

Figure 5 details the steps followed to assess portfolio perfor-
mance, as examined by the mean return, risk, and downside
risk measures introduced above.

5 | Results and Discussion

This section presents and discusses the empirical results,
with each component of the analysis organized into a dedi-
cated section. Section 5.1 describes the estimation of the mar-
ginal models—specifically, the ARMA-GJR-GARCH and

Simulating 1,000 paths of the skew Student-t cdf for the standardized residuals of each ETF, based on the copula selected for
each market amd period

Transforming the simulated values into standardized residuals using the quantile function of the skew Student-t distribution

Transforming the standardized residuals into residuals by aking the product of the standardized residuals and the sigma of the
chosen ARMA-GARCH model

Adding the residuals to the fitted values of the selected ARMA-GARCH model for each ETF
Z

| Transforming log returns into simple returns |

Z

For each market and period, building portfolios only with conventional ETFs and portfolios that incorporate ESG ETFs

Z

Estimating portfolio weights for each date of each path (using traning period and rolling window)

Z
For each path, calculating mean return and risk/downside risk measures
Z

Drawing conclusions about portfolio performance based on the average of cach measure across all simulated paths.

FIGURES5 | Steps followed to assess portfolio performance.

ARMA-EGARCH specifications—used to capture the condi-
tional volatility of ETF return series. Section 5.2 focuses on the
copula selection process, which is essential to understanding
how the returns of ESG and non-ESG ETFs move in relation to
each other—particularly during turbulent periods, when tail
dependence becomes especially relevant. Accurately modeling
this dependence structure allows for a more precise evaluation
of joint risk behavior. Finally, Section 5.3 evaluates the perfor-
mance of the constructed portfolios across both regions and peri-
ods, focusing on return, volatility, and downside risk measures.

5.1 | Marginal Model Estimation

The parameters of the marginal distribution models are esti-
mated using the maximum likelihood method, exploring var-
ious combinations of p, g, r, and m with lag values from 0 to 4.
To deem a model valid, it must successfully pass several tests:
(1) the Ljung-Box test for autocorrelation in the residuals and
squared residuals (up to lags 10 and 20); (2) the ARCH LM test
for autoregressive conditional heteroskedasticity (ARCH) in the
residuals (up to lags 10 and 20); (3) the Nyblom stability test (both
joint and individual) to assess parameter stability over time; (4)
the sign bias tests (including sign bias, negative sign bias, posi-
tive sign bias, and joint effect) to evaluate the appropriateness of
an asymmetric GARCH model in capturing volatility dynamics;
and (5) the adjusted Pearson goodness-of-fit test (for groups 20,
30, 40, and 50) to compare observed and expected frequencies
in predefined groups. Once valid models are identified for both
ARMA-GJR-GARCH and ARMA-EGARCH specifications, the
best model is selected based on the AIC.

Estimation results, as presented in Table 5 (entire period),
Table 6 (pre-crisis subperiod), and Table 7 (COVID-19 transition
phase and crisis subperiod), generally indicate mean models
with significant autoregressive and moving average compo-
nents, emphasizing the role of past returns and residuals in ex-
plaining current returns. The constants in both the mean and
variance models are significant in most cases, further highlight-
ing their importance in capturing underlying trends. Notably,
differences across indices and subperiods emerge. For example,
whereas simpler ARMA(0,1) models dominate in some series,
others, such as IHYG.L, require more complex ARMA(4,3) spec-
ifications, reflecting a more intricate return-generating process.
These variations underscore the heterogeneity of financial mar-
kets and the need for tailored modeling approaches.
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Regarding variance models, the ARCH, GARCH, and leverage
terms are frequently significant, underscoring the persistence
of volatility and the asymmetric responses to shocks in explain-
ing conditional variance. The widespread selection of EGARCH
across most return series likely reflects its flexibility in model-
ing a range of asymmetric responses, including situations where
the impact of shocks is not distinctly skewed. However, for in-
dices such as IRCP.L and DSI, the GJR-GARCH model seems
more appropriate for the entire period, possibly reflecting more
pronounced or differently structured leverage effects in these
series. In line with this, the significance of both skewness and
shape parameters in the models further reinforces the presence
of asymmetry and heavy tails in the distribution of returns.
These results point to two key insights, namely, (1) the presence
of potential tail dependence in the joint distribution and (2) the
suitability of the standardized t-student distribution over the
normal distribution for modeling innovations, as it better cap-
tures extreme events and tail risks.

Finally, the subperiod analysis reveals changes in the best-fitting
model structures and parameters, pointing to evolving dynam-
ics in returns and volatility. For instance, whereas SPY consis-
tently fits best with EGARCH models, the specific ARMA and
volatility terms differ across subperiods. Similarly, the transition
from GJR-GARCH to EGARCH for IRCP.L and DSI in specific
periods reflects shifts in the nature of volatility asymmetries.

5.2 | Vine Copulas
After accurately specifying and modeling the return series
and obtaining the standardized residuals, the next crucial step

is selecting the most appropriate copula to effectively capture
the dependence structure of both European and US ETFs. As

TABLE 8 | Copulaselection outcomes.

anticipated, in this study, the choice between D-vine and C-vine
copula constructions is guided by AIC. Table 8 summarizes the
results. Notably, the analysis demonstrates that the D-vine cop-
ula generally provides a strong fit for both markets, performing
well across multiple periods by effectively capturing the depen-
dence structures in the financial time series of European and
US ETFs. However, during the pre-crisis subperiod and the
COVID-19 transition phase and crisis subperiod for Europe, the
C-vine copula is preferred, reflecting its suitability in these spe-
cific contexts.

Ultimately, the copula-based analysis presented in this section
enables a clearer understanding of how ESG ETFs behave in re-
lation to traditional ETFs. This, in turn, lays the groundwork for
evaluating their role in portfolio construction—particularly in
terms of their potential as diversifiers, hedging instruments, and
safe-haven assets under varying market conditions.

5.2.1 | Analysis for the European ETFs

Figures 6 and 7 exhibit the hierarchical dependence structure
inherent in the optimally fitting vine copula for European ETFs
for (a) the entire period, (b) the pre-crisis subperiod, and (c) the
COVID-19 transition phase and crisis subperiod. Specifically,
Figure 6 illustrates the overall hierarchical structure, whereas
Figure 7 zooms in on the bivariate copula family selected, along
with the magnitude of dependence measured through Kendall's
tau. A clear pattern emerges, showing heightened average de-
pendence at the first level, which typically decreases progres-
sively and may even become zero or negative in subsequent
levels. This suggests the potential of European ETFs as diver-
sifiers and hedges. Additionally, as shown in Figures 6 and 7,
copulas without tail dependence are selected in most cases,

Entire period

Europe USA
Copula D-vine C-vine D-vine C-vine
Log. likelihood 1078.235 1074.054 727.8084 720.6307
AIC —2140.47 —2128.108 —1439.617 —1425.261
Pre-crisis subperiod

Europe USA
Copula D-vine C-vine D-vine C-vine
Log. likelihood 462.3082 467.0096 532.9415 532.7937
AIC —906.6165 —914.0192 —1049.883 —1047.587
COVID-19 transition phase and crisis subperiod

Europe USA
Copula D-vine C-vine D-vine C-vine
Log. likelihood 466.7499 470.0256 364.7933 360.0655
AIC —917.4999 —922.0512 —715.5866 —706.131

Note: The selected copulas are highlighted in bold.
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a) Entire period b) Pre-crisis subperiod

¢) COVID-19 Transition Phase and Crisis subperiod

FIGURE 6 | Contour plot of the D- and C-vine copulas for European ETFs. Note: 1: TUSK.AS; 2: IRCP.L; 3: VGK; 4: IHYG.L.

especially when considering subperiods. This detailed analysis
emphasizes the risk-safe haven potential of an investment strat-
egy that incorporates European ETFs.

The conclusions of this graphical analysis are further confirmed
in Table 9, which presents the copula families identified by the
best-fitting vine copula and provides insight into Kendall's tau
and lower and upper tail dependence values. This analysis is
conducted to assess the diversification, hedge, and safe-haven
properties of the European ESG-based ETFs. Hence, ESG ETFs
are allocated in the columns of the table. The threshold values
used to assess the strength of the rank-based correlation statistic
(negligible, weak, moderate, strong, and very strong) are derived
from Schober et al. (2018). In this study, an asset is classified as a
hedge when its correlation with other assets is either negative or
does not exceed 0.05. The same threshold is used to classify an
asset as a safe haven, based on tail dependence.

5.2.1.1 | Entire Period. The ESG ETF IUSK.AS demon-
strates a dual role in portfolio construction. It acts as a diversi-
fier with VGK, showing a strong—though not perfect—positive
dependence (Kendall's Tau=0.75), captured by the Student-t
copula, which is well suited for modeling symmetric tail
dependence. Additionally, IUSK.AS provides both diversifica-
tion and safe-haven benefits during market downturns when
paired with THYG.L, as evidenced by a moderate dependence
(Tau=0.40) modeled by the Gumbel copula and by the absence
of lower tail dependence—indicating that TUSK.AS does
not decline simultaneously with IHYG.L during periods of mar-
ket stress, a key feature of safe-haven assets.

Similarly, the ESG ETF IRCP.L functions as a diversifier with
IHYG.L (Tau=0.67, Student-t copula), and more importantly,
as a hedging instrument with safe-haven characteristics in both
bullish and bearish market conditions relative to VGK. This is
reflected in a negligible overall dependence (Tau=0.03), cap-
tured by the survival Gumbel copula, and the absence of both
lower and upper tail dependence.

Lastly, the negligible dependence between both ESG ETFs,
TUSK.AS, and IRCP.L, (Kendall's Tau=0.05, modeled by a Joe
copula) suggests that these two ESG ETFs may also serve as
hedges for one another. Their lack of lower tail dependence in-
dicates they are unlikely to experience simultaneous extreme

losses, supporting their potential role as safe-haven assets
during bear markets. This enhances their relevance in portfolio
strategies aimed at reducing risk through diversification and im-
proving resilience in periods of financial stress.

To conclude, the finding that ESG ETFs can act as diversifi-
ers, hedges, and occasionally safe havens relative to traditional
ETFs highlights their significant risk-mitigation potential—an
aspect further explored in Section 5.3. This partially aligns with
Chakrabarty et al. (2017), who documented the outperformance
of European ESG ETFs but did not specifically examine their
diversification or hedging capabilities. Contrary to their con-
clusion that neither region benefited during bear markets, our
results indicate that ESG ETFs may provide safe-haven bene-
fits at specific points throughout the full sample period, in-
cluding phases of heightened market stress. These differences
likely arise from our more recent dataset, which includes mar-
ket shocks not covered in their study, as well as from evolving
cultural and regulatory developments in Europe that have rein-
forced the importance of ESG investing.

5.2.1.2 | Pre-Crisis Subperiod. In the pre-crisissubperiod,
the ESG ETF IUSK.AS continues to serve as a valuable diversi-
fier, particularly in relation to VGK, with a moderate positive
dependence (Kendall's Tau=0.63), modeled by a survival BB8
copula. The absence of both lower and upper tail dependence
suggests that [TUSK.AS may provide protection against extreme
market movements, enhancing its safe-haven potential during
periods of financial stress. Additionally, its weak correlation
with THYG.L (Tau=0.28, modeled by a BB copula) reinforces
IUSK.AS's combined role as both a diversifier and a safe-haven
asset, potentially reducing portfolio risk under varying mar-
ket conditions.

As in the entire period analysis, the ESG ETF IRCP.L functions
primarily as a hedge and safe-haven asset with VGK. Its lack
of dependence on this ETF (Kendall's Tau=0), modeled using
a 270° rotated Clayton copula, suggests that IRCP.L remains
largely uncorrelated with broader market movements, even
during periods of market stress, given the absence of both lower
and upper tail dependence. Furthermore, its moderate asso-
ciation with IHYG.L (Tau=0.68, modeled by a Frank copula)
supports its role as a diversifier with potential safe-haven char-
acteristics, as it lacks tail dependence.
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a) Entire period

b) Pre-crisis subperiod

85} 7 4

¢) COVID-19 Transition Phase and Crisis subperiod

5G(0.03)

C270(0)

N(-0.09)

FIGURE7 | D-and C-vine copula trees for European ETFs. Note: 1: TUSK.AS; 2: IRCP.L; 3: VGK; 4: IHYG.L.

Importantly, the very low and slightly negative correlation
between both ESG ETFs, IUSK.AS, and IRCP.L, (Kendall's
Tau=-0.05), modeled using a Student-t copula with negligible
tail dependence, suggests that these two ESG ETFs may act as
mutual hedges with safe-haven properties.

Overall, the pre-crisis findings reinforce the conclusions drawn
for the entire period—namely, that ESG ETFs not only diver-
sify but also offer hedge and safe-haven potential relative to

traditional assets. Although Chakrabarty et al. (2017) found that
European ETFs outperformed their benchmarks, their study
did not explore whether these instruments offered diversifica-
tion or hedging benefits. Our results complement and extend
this perspective by showing that ESG ETFs may have served
as risk-mitigating tools even before the crisis—through weak
or asymmetric dependence with traditional ETFs—pointing to
protective features that became more prominent during turbu-
lent periods.
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TABLE 9 | Copulafamilies, correlation, tail dependence, and role of

European ESG ETFs.

Entire period

TABLE9 | (Continued)

Pre-crisis subperiod

TUSK.AS (1) IRCP.L (2)
TUSK.AS @) IRCP.L ) IRCP.L (2) Student-t (1,2;4)
VGK (3) Student-t (1,3) Survival Gumbel (2,3;4,1) Tau=—0.05 (negligible
Tau=0.75 (strong Tau=0.03 (negligible correlation)
correlation) correlation) Lower=0.01
Lower=0.49 Lower=0.04 Upper=0.01
Upper=0.49 Upper=0 Hedge
Diversifier Hedge Safe haven in bull
No safe haven Safe haven in and bear markets
bull market and COVID-19 transition phase and crisis subperiod
bear markets
TUSK.AS (1 IRCP.L (2
THYG.L (4) Gumbel (4.1) Student-t (4,2) USK-AS (1) CPL®)
Tau =0.40 (moderate Tau=0.67 (moderate VGK (3) Gaussian (3,1) Student-t (3,2)
correlation) correlation) Tau=0.68 (moderate Tau=0.48 (moderate
Lower=0 Lower=0.55 correlation) correlation)
Upper=0.48 Upper=0.55 Lower=0 Lower=0.21
Diversifier Diversifier Upper=0 Upper=0.21
Safe haven in No safe haven Diversifier Diversifier
bear markets Safe haven in bull Safe haven in
IRCP.L (2) Joe (2,1;4) and bear markets bear markets
Tau=0.05 (negligible IHYG.L (4) Frank (4,1;3) BBS (4,2;3)
correlation) Tau=0.12 (weak Tau=0.5 (moderate
Lower=0 correlation) correlation)
Upper=0.11 Lower=0 Lower=0
Hedge Upper=0 Upper=0
Safe haven in Diversifier Diversifier
bear markets
Safe haven in bull No safe haven
Pre-crisis subperiod and bear markets
IUSK.AS (1) IRCP.L (2) IRCP.L (2) Gaussian (2,1;4,3)
VGK (3) Survival BB8 (3,1;4) Rotated Clayton Tau=-0.09 (negligible
270° (3,2;1,4) correlation)
Tau=0.63 (moderate Tau=0 (negligible Lower=0
correlation) correlation)
Upper=0
Lower=0 Lower=0
Hedge
Upper=0 Upper=0
X . Safe haven in bull
Diversifier Hedge and bear markets
Safe haven in bull Safe haven in bull Note: The diversification, hedging, or safe-haven properties are marked in bold.
and bear markets and bear markets
THYG.L (4) BBS (4,1) Frank (4,2)
Tau=0.28 (weak Tau=0.68 (moderate 5.2.1.3 | COVID-19 Transition Phase and Crisis Subpe-
correlation) correlation) riod. During the COVID-19 transition phase and crisis sub-
Lower=0 Lower=0 period, the ESG ETF TUSK.AS continues to serve a dual role
as both a diversifier and a safe-haven asset against traditional
Upper=0 Upper=0 ss . . _
ETFs. Its moderate positive correlation with VGK (Tau=0.68),
Diversifier Diversifier captured by a Gaussian copula, indicates a balanced dependence
Safe haven in bull Safe haven in bull without significant tail dependence—suggesting IUSK.AS may
and bear markets and bear markets help mitigate risk in both rising and falling markets. Moreover,
its weak correlation with IHYG.L (Tau=0.12, modeled using
(Continues) a Frank copula), also lacking tail dependence, reinforces its
28 Business Strategy and the Environment, 2025
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versatility as a diversifier and safe-haven asset during turbu-
lent periods.

In contrast, the ESG ETF IRCP.L primarily serves as a diversifier
with VGK (Tau=0.48, modeled by a Student-t copula), though it
does not exhibit clear safe-haven properties. Its moderate correla-
tion with IHYG.L (Tau=0.5, modeled by a BB8 copula) suggests
that IRCP.L offers diversification benefits and potential safe-haven
qualities during market stress, as indicated by the absence of tail
dependence.

Moreover, the slight negative correlation between ITUSK.AS and
IRCP.L (Tau=-0.09), modeled by a Gaussian copula, indicates
that these two ESG ETFs continue to serve as mutual hedges,
with their behavior complementing each other during the cri-
sis period. Once again, the lack of significant tail dependence
between them underscores their mutual capacity to act as safe-
haven assets, providing crucial protection during the heightened
market volatility characteristic of the COVID-19 crisis.

Taken together, the findings for this subperiod reinforce the
observations from the entire and pre-crisis periods, where
both ESG ETFs demonstrated strong risk-mitigating poten-
tial through diversification, hedging, and safe-haven qualities.
Whereas Chakrabarty et al. (2017) found no performance ad-
vantages for Europe during bear markets, our analysis suggests
that ESG ETFs may offer greater resilience under conditions of
heightened market stress. These results are in line with Landi
et al. (2024), who show that ESG standards positively affect risk-
adjusted returns in Europe, further supporting the view that
ESG investments can offer effective protection during times of
crisis.

5.2.2 | Analysis for the US ETFs

Concerning the US market, Figures 8 and 9 display, respectively,
the contour plot and the hierarchical structure of the vine cop-
ula that captures the dependence between the selected ETFs
for this region in each of the periods considered. Similar to the
European case, higher dependence is observed at the first hier-
archical level, transitioning to lower and even negative values
in subsequent levels. As with Europe, copulas with no tail de-
pendence are preferred in most cases. This is further confirmed

41:;23 4,2;3.1

in Table 10, which shows the best-fitting vine copula, Kendall's
tau, and tail dependence values for US ETFs. This allows for as-
sessing the diversification, hedging, and safe-haven potential in
each period.

5.2.2.1 | Entire Period. Over the entire period, the ESG
ETF DSI shows strong positive dependence with SPY (Tau =0.79,
modeled by a Frank copula), indicating diversification benefits.
The absence of tail dependence supports its role as a safe-haven
asset during extreme market conditions. Additionally, DSI's
negligible correlation with BND.O (Tau=0.04, modeled by
a survival Gumbel copula) reinforces its function as a hedge
with safe-haven properties, especially during periods of market
stress, as indicated by the lack of tail dependence.

On the other hand, the ESG ETF SINK.L also functions as a
diversifier and safe-haven asset with SPY (Tau=0.41, modeled
by a Frank copula), given its moderate correlation with SPY and
the absence of tail dependence. However, its weak correlation
with BND.O (Tau=0.14, modeled by a Student-t copula) sug-
gests that, although it provides diversification benefits, it does
not fully exhibit safe-haven characteristics, as it shows some de-
gree of tail dependence.

Furthermore, the negligible correlation between the two ESG
ETFs, DSI and SINK.L (Tau=0.08, modeled by a Gaussian
copula), indicates that these assets act as effective diversifiers
against each other. Their lack of tail dependence suggests they
both have safe-haven potential in various market conditions.
The low correlation between them implies that, when held to-
gether, they can provide additional protective value, making
them valuable tools for risk management during uncertain or
volatile periods in the US market.

In conclusion, the ESG ETFs analyzed demonstrate significant
potential as diversifiers, hedges, and safe-haven assets, provid-
ing protection in both bull and bear markets. Their ability to
reduce risk and enhance portfolio value under various market
conditions highlights their relevance for portfolio construc-
tion. When comparing our findings to previous studies on US
ETFs over longer periods (beyond crisis episodes), our results
are broadly consistent with Miralles-Quiros et al. (2019), who
found evidence of outperformance, and Plagge and Grim (2020),
who, while reporting no significant differences, still emphasize

4,3;2,1

a) Entire period b) Pre-crisis subperiod

¢) COVID-19 Transition Phase and Crisis subperiod

FIGURE 8 | Contour plot of the D-vine copula for US ETFs. Note: 1: DSI; 2: SINK.L; 3: SPY; 4: BND.O.
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a) Entire period

BBS_2

b) Pre-crisis subperiod

¢) COVID-19 Transition Phase and Crisis subperiod

SG(0.04)

0(-0.14)

SJ(0.03)

N(-0.09)

FIGURE9 | D-vine copula trees for US ETFs. Note: 1: DSI; 2: SINK.L; 3: SPY; 4: BND.O.

the diversification and risk management roles of ESG ETFs.
However, this research will further explore and formally test
the extent of ESG ETFs outperformance or underperformance
within a portfolio setting in Section 5.3. In contrast, Dumitrescu
et al. (2023) report consistent underperformance throughout the
period studied. These mixed findings contribute to the ongoing

debate on the overall effectiveness of ESG ETFs, especially out-
side of crisis periods.

5.2.2.2 | Pre-Crisis Subperiod. During the pre-crisis
subperiod, the ESG ETF DSI primarily serves as a diversifier
with SPY (Tau=0.86, modeled by a survival BB1 copula), but
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TABLE 10 | Copula families, correlation, tail dependence, and role

of US ESG ETFs.

Entire period

DSI (1) SINK.L (2)
SPY (3) Frank (3,1) Frank (2,3)
Tau=0.79 (strong Tau=0.41 (moderate
correlation) correlation)
Lower=0 Lower=0
Upper=0 Upper=0
Diversifier Diversifier
Safe haven in bull Safe haven in bull
and bear markets and bear markets
BND.O (4) Survival Gumbel (4,1;2,3) Student-t (4,2)
Tau=0.04 (negligible Tau=0.14 (weak
correlation) correlation)
Lower=0.05 Lower=0.11
Upper=0 Upper=0.11
Hedge Diversifier
Safe haven in bull No safe haven
and bear markets
SINK.L (2) Gaussian (2,1;3)
Tau=0.08 (negligible
correlation)
Lower=0
Upper=0
Diversifier

Safe haven in bull
and bear markets

Pre-crisis subperiod

DSI (1)

SINK.L (2)

SPY (3) Survival BB1 (3,1)

Tau=0.86 (strong
correlation)

Lower=0.88
Upper=0.71
Diversifier

No safe haven

BND.O (4) Gumbel (4,1;3)

Tau=0.09 (negligible
correlation)

Lower=0
Upper=0.12
Diversifier

Safe haven in
bear markets

Survival Clayton (3,2;1)

Tau=0.02 (negligible
correlation)

Lower=0
Upper=0
Hedge

Safe haven in bull
and bear markets

Survival Joe (4,2;3,1)

Tau=0.03 (negligible
correlation)

Lower=0.08
Upper=0
Hedge

Safe haven in
bull markets

(Continues)

TABLE 10 | (Continued)

Pre-crisis subperiod

DSI (1) SINK.L (2)

SINK.L (2) Frank (1,2)

Tau=0.36 (weak
correlation)

Lower=0
Upper=0
Diversifier

Safe haven in bull
and bear markets

COVID-19 transition phase and crisis subperiod

DSI (1) SINK.L (2)
SPY (3) Frank (1,3) Gaussian (2,3;1)
Tau=0.8 (strong Tau=0.1 (negligible
correlation) correlation)
Lower=0 Lower=0
Upper=0 Upper=0
Diversifier Diversifier
Safe haven in bull Safe haven in bull
and bear markets and bear markets
BND.O Survival Clayton (4,1;2) Student-t (4,2)
4
@ Tau=0.04 (negligible Tau=0.3 (weak
correlation) correlation)
Lower=0 Lower=0.19
Upper=0 Upper=0.19
Hedge Diversifier
Safe haven in bull No safe haven
and bear markets
SINK.L Frank (2,1)
@
Tau=0.4 (moderate
correlation)
Lower=0
Upper=0
Diversifier

Safe haven in bull
and bear markets

Note: For the survival Clayton, upper tail dependence is not exactly equal to
zero. The diversification, hedging, or safe-haven properties are marked in bold.

it does not fully act as a safe-haven asset due to the presence
of tail dependence. Although it offers diversification benefits,
its performance during extreme market events may not provide
complete protection. However, its negligible correlation with
BND.O (Tau=0.09, modeled by a Gumbel copula) suggests that
DSI still functions as a solid diversifier, and the absence of lower
tail dependence hints at some safe-haven qualities, particularly
in bear markets, where it may offer a buffer against declines in
traditional assets.
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In contrast, the ESG ETF SINK.L demonstrates a stronger hedg-
ing function and serves as a safe-haven asset in both bull and
bear markets relative to SPY (Tau=0.02, modeled by a survival
Clayton copula). This indicates that SINK.L is effective at re-
ducing risk, holding up well during both market expansions and
contractions, thanks to the lack of tail dependence. Its negligible
correlation with BND.O (Tau=0.03, modeled by a survival Joe
copula) further underscores SINK.L's role as a hedge with safe-
haven properties. However, its safe-haven characteristics are
more pronounced in bull markets than in bear markets, given
the lack of upper tail dependence.

Additionally, the weak correlation between DSI and SINK.L
(Tau=0.36, modeled by a Frank copula) highlights that these
two ESG ETFs act as diversifiers and safe havens against each
other. This suggests that investors can benefit from holding both
assets in a portfolio, as they complement each other and offer
valuable protection during periods of market stability.

In conclusion, the evidence from the pre-crisis period indicates
that ESG ETFs can already play a relevant role in portfolio
risk management, even in relatively calm market conditions.
Although their safe-haven behavior is not fully developed at
this stage—particularly in the case of DSI—they still exhibit
clear diversification and hedging benefits, especially when
combined. These findings suggest that the protective features
of ESG ETFs are not confined to crisis episodes but may also
be present in stable environments. As for the entire period, this
perspective aligns more closely with studies such as Miralles-
Quir6s et al. (2019), which highlight the positive performance
of ESG investments, and complements the more neutral stance
of Plagge and Grim (2020), who find no significant performance
gaps but recognize diversification potential. In contrast, the
results diverge from Dumitrescu et al. (2023), who identify un-
derperformance across broader periods. They also challenge the
findings of Nofsinger and Varma (2014), who report that ESG
investments tend to underperform specifically during non-crisis
periods, suggesting instead that ESG ETFs may offer value even
outside episodes of market turbulence. However, this hypothesis
will be formally evaluated in Section 5.3 through a portfolio-
based analysis.

5.2.2.3 | COVID-19 Transition Phase and Crisis Subpe-
riod. During the COVID-19 transition and crisis subperiod,
the ESG ETF DSI continues to function effectively as both a
diversifier with SPY (Tau=0.80, modeled by a Frank copula)
and a safe-haven asset across bull and bear markets. Its negligi-
ble correlation with BND O (Tau=0.04, modeled by a survival
Clayton copula) and the absence of tail dependence reinforce
DSI's role as a hedge with safe-haven characteristics, making it
a suitable asset to hold during periods of market stress.

In contrast, the ESG ETF SINK.L exhibits a negligible cor-
relation with SPY (Tau=0.1, modeled by a Gaussian copula),
also without tail dependence, positioning it as a diversifier
with safe-haven potential. However, its weak correlation with
BND.O (Tau=0.3, modeled by a Student-t copula) suggests
that, although it provides diversification benefits, it may fall
short as a full safe-haven asset due to the presence of tail de-
pendence, which limits its effectiveness during extreme mar-
ket events.

Additionally, the moderate correlation between DSI and SINK.L
(Tau=0.4, modeled by a Frank copula), combined with the ab-
sence of tail dependence, indicates that these two ESG ETFs act
as complementary diversifiers with safe-haven potential relative
to one another. Although each demonstrates distinct safe-haven
features under different market conditions, their joint behavior
during the COVID-19 transition and crisis subperiod enhances
their overall risk-mitigating capacity. This complementarity
supports portfolio diversification and stability in both bull and
bear markets.

Given these findings, it appears that the inclusion of ESG ETFs
in investment portfolios may be beneficial or, at least, not det-
rimental to financial outcomes. This contributes to the ongo-
ing debate on the performance of ESG instruments in the US
market during crisis periods, where existing literature presents
mixed results. Specifically, the results are consistent with the
conclusions of Nofsinger and Varma (2014), Kanamura (2021),
Huang (2024), and Landi et al. (2024), who report outperfor-
mance or positive effects of ESG standards on financial perfor-
mance. In contrast, they diverge from Omura et al. (2021), who
find no superior performance of ESG ETFs during the COVID-19
crisis, and partially from Valadkhani and O'Mahony (2024) and
Meehan and Corbet (2025), who document context-dependent
results. They also challenge the conclusions of Chakrabarty
et al. (2017), who argue that US CSR ETFs do not serve as safe
havens during economic downturns. However, it is important
to note that this section evaluates ESG ETFs in terms of rela-
tive performance only—that is, how they perform compared to
traditional ETFs during crisis periods. A more rigorous analysis
of whether ESG ETFs deliver superior financial outcomes when
integrated into actual investment portfolios, taking into account
risk-return trade-offs, is conducted in Section 5.3.

5.3 | Risk Management and Portfolio Analysis

In Section 5.2, it was demonstrated that ESG ETFs have strong
potential to enhance portfolio performance by mitigating risk in
both Europe and the United States. This section provides a deeper
evaluation, beginning with Europe, followed by the United
States, and concluding with a comparative analysis. Tables 11
and 12 display the results of the portfolio analysis for Europe
and the United States, respectively. The methodology used for
the calculation of the mean return and the risk and downside
risk measures was previously introduced in Section 4.2.

5.3.1 | Analysis for the European ETFs

In light of the findings of Table 11, it becomes evident that al-
locating resources to ESG ETFs in the European market var-
ies according to the pursued investment strategy and period
considered.

5.3.1.1 | Entire Period. Throughout the entire analyzed
period, for Portfolio 1—focused on minimizing standard devi-
ation—the ESG version exhibits marginally lower performance
in terms of mean return (-0.034 vs. —0.031) and return-
risk ratios. Although it consistently demonstrates signifi-
cantly lower risk across multiple metrics, including standard
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TABLE 11 |

Performance of conventional versus ESG portfolios in Europe.

Entire period

Portfolio Portfolio Difference Portfolio Portfolio Difference
1ESG 1wo ESG (Delta) t-test 2ESG 2wo ESG (Delta) t-test
Mean —0.034 —0.031 —0.003 —5.59%* 0.032 —0.035 0.067 8.00%**
Standard 0.096 0.121 —0.025 —93.78%** 0.140 0.143 —0.003 —2.31%*
deviation
Semi-deviation 0.009 0.012 -0.002 —86.94%** 0.014 0.014 0.000 —2.32%*
Downside 0.010 0.012 —-0.002 —79.09%** 0.014 0.015 —0.001 —5.77%*
deviation (DD)
Historical VaR —-0.021 -0.025 0.004 87.24%** —0.030 —0.033 0.002 6.25%%*
Historical ES —-0.030 —0.038 0.008 86.34%** —0.044 —0.047 0.003 4.63%**
Return-risk ratio —0.357 —-0.258 —0.100 —21.07*** 0.265 —0.253 0.518 3.68%**
Reteurn-DD ratio -3.411 —2.414 —0.997 —21.94%%* 13.630 8.509 5.121 —3.85%%*
Pre-crisis subperiod
Portfolio Portfolio Difference Portfolio Portfolio Difference
1ESG 1wo ESG (Delta) t-test 2 ESG 2wo ESG (Delta) t-test
Mean —0.050 —0.044 —0.006 —11.24%** 0.088 —0.028 0.116 7.43%%%
Standard deviation 0.0843 0.087 —-0.003 —32.27%** 0.129 0.122 0.007 6.99%**
Semi-deviation 0.008 0.009 0.000 —11.93%** 0.013 0.012 0.001 7.02%%*
Downside deviation 0.009 0.009 0.000 —5.49%%* 0.013 0.013 0.000 -0.98
(DD)
Historical VaR —0.020 —-0.020 0.000 3.02%** —-0.028 —0.028 0.000 —0.81
Historical ES —-0.027 —0.027 0.000 4.18%** —0.039 —-0.037 —0.002 —4.42%**
Return-risk ratio —-0.590 -0.504 —0.086 —14.23%** 0.555 —0.341 0.897 3.69%**
Return-DD ratio —5.394 —4.692 —0.702 —12.77%** 39.430 2.948 36.482 1.96*
COVID-19 transition phase
Portfolio Portfolio Difference Portfolio Portfolio Difference
1ESG 1wo ESG (Delta) t-test 2 ESG 2wo ESG (Delta) t-test
Mean —0.034 —0.021 —0.013 —3.06%** 0.181 0.106 0.075 2.16%*
Standard deviation 0.166 0.201 —-0.035 —27.51%%* 0.302 0.291 0.011 4.25%%*
Semi-deviation 0.016 0.020 —-0.003 —22.05%** 0.030 0.028 0.002 5.15%**
Downside deviation 0.017 0.020 -0.003 —19.01%** 0.029 0.028 0.001 3.3
(DD)
Historical VaR —0.035 —0.041 0.006 16.02%** —0.061 —0.058 —-0.003 —3.60%**
Historical ES —0.046 —0.055 0.009 16.96%** —0.085 -0.079 —0.006 —5.26%**
Return-risk ratio -0.171 —0.081 —0.090 —4.13%x* 0.418 0.186 0.231 2.0634**
Return-DD ratio 1.396 2.883 -1.486 —4.25%*% 13.766 16.660 —2.894 0.88
Crisis subperiod
Portfolio Portfolio Difference Portfolio Portfolio Difference
1ESG 1wo ESG (Delta) t-test 2 ESG 2wo ESG (Delta) t-test
Mean -0.071 —0.061 —0.010 —10.72%** 0.022 —0.040 0.062 5.99%**
Standard 0.093 0.121 -0.028 —76.72%** 0.162 0.158 0.004 3.26%**
deviation
Semi-deviation 0.009 0.012 —-0.003 —59.69%** 0.016 0.016 0.000 3.10%**
(Continues)
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TABLE 11 | (Continued)

Crisis subperiod

Portfolio Portfolio Difference Portfolio Portfolio Difference

1ESG 1wo ESG (Delta) t-test 2ESG 2wo ESG (Delta) t-test
Downside 0.010 0.013 —0.003 —52.62%** 0.0162 0.0162 0.000 0.02
deviation (DD)
Historical VaR —0.022 -0.027 0.005 49.99*** —-0.035 —-0.035 0.000 -1.45
Historical ES —0.032 —0.041 0.009 55.98*** —-0.051 —0.050 0.000 -0.89
Return-risk —-0.759 —0.499 —0.260 —34.78%** 0.105 —0.310 0.414 2.96%**
ratio
Return-DD —6.751 —4.462 —2.289 —34.13%%* 3.937 —0.903 4.839 4.19%%*
ratio

Note: Portfolio 1: minimum standard deviation portfolio; Portfolio 2: maximum quadratic utility portfolio. Portfolio 1 ESG and Portfolio 2 ESG are portfolios consisting
of traditional and ESG ETFs. Portfolio 1 wo ESG and Portfolio 2 wo ESG are portfolios comprising solely conventional ETFs. Figures in bold show the cases where ESG

portfolios outperform conventional portfolios.
*Statistical significance at the 10% level.
**Statistical significance at the 5% level.
***Statistical significance at the 1% level.

deviation, semi-deviation, downside deviation (DD), value at
risk (VaR), and expected shortfall (ES), the decline in return-
risk and return-DD ratios (by 0.100 and 0.997 points, respec-
tively) suggests that the reduction in risk does not translate into
improved risk-adjusted performance. These results indicate that
although ESG inclusion reduces certain risk measures, it may
come at the expense of return efficiency, leading to weaker risk-
return trade-offs.

For Portfolio 2, which aims to maximize quadratic utility—a
more realistic investment strategy that balances both return
and risk objectives—ESG integration proves to be particularly
advantageous. The ESG portfolio achieves a significantly higher
mean return (0.032 vs.—0.035). This performance delta of 0.067
in mean return reflects a substantial performance improvement
due to ESG integration. Additionally, the return-risk ratio in-
creases by 0.518, indicating a marked enhancement in efficiency
compared to the non-ESG version. These statistically significant
results suggest that integrating ESG assets within this portfolio
framework effectively enhances financial performance without
substantially increasing risk. These results are consistent with
Chakrabarty et al. (2017), who reported outperformance of
European ESG ETFs in terms of risk-adjusted returns. However,
the comparison should be interpreted with caution, as their
analysis covers an earlier time period and may reflect different
market dynamics. In addition, our results highlight the ability
of European ESG ETFs to mitigate downside risk—an aspect
not previously explored in the European context, as discussed
in Section 5.2.1.

5.3.1.2 | Pre-Crisis Subperiod. Before the crisis, Portfolio
1 with ESG investments continues to show slightly lower returns
(—0.050 vs. —0.044) and weaker return-risk ratios compared to
its non-ESG counterpart, with these differences being statisti-
cally significant according to the t-test. However, it consistently
maintains lower risk levels, particularly in terms of standard
deviation and semi-deviation—differences that are also statis-
tically significant. The delta in mean return is —0.006, whereas
the return-risk and return-DD ratios decline by 0.086 and 0.702

points, respectively—suggesting that although ESG investments
reduce risk, they fall short in delivering superior risk-adjusted
performance in stable markets.

In contrast, Portfolio 2 with ESG investments significantly out-
performs the non-ESG portfolio in terms of mean return (0.088
vs. —0.028). The observed delta of 0.116 in mean return suggests
a meaningful financial advantage for ESG portfolios—the most
notable among the periods considered. However, these gains
are accompanied by a slight increase in risk during this period,
with most differences being statistically significant according
to the t-test—except for DD and VaR. Despite this, the return—
DD ratio improves by 36.482 points, indicating a significant en-
hancement in downside-adjusted performance. Furthermore,
the ESG portfolio exhibits a significantly higher return-to-risk
ratio, with a delta value of 0.897, underscoring its superior over-
all risk-adjusted financial performance. As in the entire period
analysis, these results are consistent with those of Chakrabarty
et al. (2017).

5.3.1.3 | COVID-19 Transition Phase. During
the COVID-19 transition phase, Portfolio 1 ESG contin-
ues to underperform in terms of returns (—0.034 vs. —0.021)
and return-risk ratios but maintains significantly lower overall
and downside risk exposure, showcasing its protective role in
turbulent markets. This resilience was already anticipated based
on the results discussed in Section 5.2.1. Specifically, the mean
return delta is —0.013, and the return-risk ratio is —0.090, but
Portfolio 1 ESG achieves a 0.006 and 0.009 improvement in VaR
and ES, respectively—emphasizing its downside protection
capacity despite performance sacrifices.

Meanwhile, Portfolio 2 with ESG investments significantly
outperforms its non-ESG counterpart in terms of mean re-
turn (0.181 vs. 0.106), with the difference being statistically
significant. This return delta of 0.075 highlights a notable
improvement. Although the ESG portfolio exhibits slightly
higher risk across all measures, it achieves a markedly su-
perior return-risk ratio (0.418 vs. 0.186), reflecting an
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TABLE 12 |

Performance of conventional versus ESG portfolios in the United States.

Entire period

Portfolio Portfolio Difference Portfolio Portfolio Difference
1 ESG 1wo ESG (Delta) t-test 2ESG 2wo ESG (Delta) t-test
Mean 0.002 0.014 —0.012 —24.52%%* 0.211 0.227 -0.016 -1.44
Standard deviation 0.063 0.048 0.015 1.61 0.111 0.100 0.010 7.52%%%
Semi-deviation 0.006 0.005 0.001 13.20%** 0.010 0.009 0.001 7.827%%*
Downside deviation 0.006 0.005 0.001 21.85%** 0.009 0.008 0.001 7.26™%*
(DD)
Historical VaR —0.011 —0.011 0.000 —15.31%** -0.021 —0.018 —-0.002 —6.57%%*
Historical ES —0.018 —0.016 —0.003 —37.34%** -0.029 —0.025 —-0.004 —7.88%**
Return-risk ratio 0.047 0.301 —0.254 —49.72%%* 3.870 3.297 0.573 0.40
Return-DD ratio 0.707 3.162 —2.454 —25.98%** 37.943 60.038 —22.095 —1.71*
Pre-crisis subperiod
Portfolio Portfolio Difference Portfolio Portfolio Difference
1ESG 1wo ESG (Delta) t-test 2 ESG 2wo ESG (Delta) t-test
Mean 0.001 0.004 —-0.003 —9.04%** 0.122 0.112 0.010 1.18
Standard 0.035 0.032 0.002 11.22%%* 0.092 0.088 0.005 4.48%%*
deviation
Semi-deviation 0.004 0.003 0.000 16.03%** 0.009 0.008 0.001 4.62%%*
Downside 0.004 0.003 0.000 16.03%** 0.008 0.008 0.001 3.83%x*
deviation (DD)
Historical VaR —0.007 —0.008 0.000 11.04%+* —0.018 -0.017 —0.001 —3.07%**
Historical ES —0.012 —0.010 —0.002 —24 . 4T7*** —0.026 —0.024 —0.002 —3.56%**
Return-risk 0.058 0.118 —0.060 —7.15%** 2.008 1.555 0.452 0.87
ratio
Return--DD 0.743 1.301 —0.558 —6.71%*%* 38.534 36.184 2.350 -0.14
ratio
COVID-19 transition phase
Portfolio Portfolio Difference Portfolio Portfolio Difference
1ESG 1wo ESG (Delta) t-test 2 ESG 2wo ESG (Delta) t-test
Mean —0.032 -0.017 —0.015 —4.62%** 1.380 0.377 1.004 3.25%%%
Standard deviation 0.105 0.088 0.017 13.37%%* 0.280 0.250 0.030 7.38%%*
Semi-deviation 0.010 0.008 0.002 13.88%** 0.026 0.023 0.003 7.47FF
Downside deviation 0.011 0.009 0.002 13.08%** 0.024 0.022 0.003 5.05%**
(DD)
Historical VaR -0.020 -0.018 —-0.002 —9.37%** —-0.051 -0.047 —0.004 —4.22%%*
Historical ES —0.031 -0.024 -0.007 —14.42%** -0.073 —0.065 —0.008 —4.779%F*
Return-risk ratio -0.253 -0.173 —0.080 —2.98%%* 6.003 2.776 3.228 1.58
Return-DD ratio 2.044 2.200 —0.156 —0.33 89.878 59.059 30.819 2.78%**
Crisis subperiod
Portfolio Portfolio Difference Portfolio Portfolio Difference
1ESG 1wo ESG (Delta) t-test 2 ESG 2wo ESG (Delta) t-test
Mean —0.033 —0.033 0.000 1.10 0.201 0.108 0.094 6.13%%*
Standard deviation 0.070 0.066 0.004 15.57%#* 0.165 0.137 0.028 12.77%%*
(Continues)
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TABLE 12 | (Continued)

Crisis subperiod

Portfolio Portfolio Difference Portfolio Portfolio Difference

1ESG 1wo ESG (Delta) t-test 2 ESG 2wo ESG (Delta) t-test
Semi-deviation 0.007 0.007 0.001 16.32%** 0.016 0.014 0.002 9.66%***
Downside deviation 0.008 0.007 0.001 14.96%** 0.015 0.013 0.001 5.71%**
(DD)
Historical VaR —-0.016 —0.015 —-0.001 —13.90%** -0.030 -0.029 —0.001 —3.07%**
Historical ES -0.024 —0.022 —-0.002 —21.62%%* —0.047 —0.042 —0.005 —7.03%%*
Return-risk ratio —0.465 —0.505 0.040 7.35%** 1.246 0.749 0.496 4.57*%F*
Return-DD ratio —4.074 —4.533 0.459 9.30%** 29.440 11.133 18.307 3.47%%*

Note: Portfolio 1: minimum standard deviation portfolio; Portfolio 2: maximum quadratic utility portfolio. Portfolio 1 ESG and Portfolio 2 ESG are portfolios consisting
of traditional and ESG ETFs. Portfolio 1 wo ESG and Portfolio 2 wo ESG are portfolios comprising solely conventional ETFs. Figures in bold show the cases where ESG

portfolios outperform conventional portfolios.
*Statistical significance at the 10% level.
**Statistical significance at the 5% level.
***Statistical significance at the 1% level.

improvement—or delta—of 0.231, which is also statistically
significant. Additionally, it maintains a positive return-DD
ratio. These results suggest that ESG investments contrib-
uted to a more resilient portfolio, enhancing performance
while maintaining a favorable risk-return balance during a
period of heightened uncertainty. This finding contrasts with
Chakrabarty et al. (2017), who argue that CSR ETFs do not
consistently outperform during bear markets. In contrast, our
results align more closely with Landi et al. (2024), who report
a general ESG premium during the pandemic. However, their
study does not differentiate between European and US mar-
kets, as it treats geography merely as a control variable. This
limits the ability to draw regional insights—an important dis-
tinction addressed in our study through a direct comparison
of regional performance.

5.3.1.4 | Crisis Subperiod. During periods of market dis-
tress, Portfolio 1 with ESG investments follows its usual pattern
of lower returns (—0.071 vs. —0.061) and weaker return-risk
ratios while effectively reducing risk compared to the non-ESG
portfolio. All differences are statistically significant. The delta
in mean return is —0.010, and the return-risk and return-DD
ratios are lower by 0.260 and 2.289 points, respectively. However,
the ESG portfolio delivers notable improvements in standard
deviation (—0.028) and downside metrics (e.g., ES increases by
0.009), highlighting its defensive attributes in volatile markets.

Portfolio 2 with ESG investments once again demonstrates supe-
rior financial performance, with a notably higher mean return
(0.022 vs. —0.040). The delta of 0.062 in mean return further
reinforces the strength of ESG inclusion in turbulent periods.
However, whereas certain risk metrics, such as DD, VaR, and ES,
show no statistically significant differences, others—such as stan-
dard deviation—are slightly higher for the ESG portfolio, with a
delta value of 0.004. This suggests that, although ESG portfolios
may offer some degree of downside protection, their effectiveness
varies across different risk measures during crises. Specifically,
the return-risk ratio improves by 0.414 and the return-DD ratio
by 4.839 points, both statistically significant—underscoring their
potential to enhance returns while mitigating risk in challenging

market conditions. As for the COVID-19 transition phase, this is
in line with the findings of Landi et al. (2024).

5.3.2 | Analysis for the US ETFs

Based on Table 12, it is clear that integrating ESG assets into US
portfolios affects both risk and return dynamics, with varying
outcomes across different market periods.

5.3.2.1 | Entire Period. Similar to the European case, over
the entire period, Portfolio 1 with ESG investments underper-
forms the non-ESG portfolio in terms of mean return (0.002
vs. 0.014) and return-risk ratios. This corresponds to a return
delta of —0.012, indicating sizable and statistically significant
underperformance. However, unlike Europe, ESG integration
also leads to higher risk, with significantly worse performance
across most key risk measures. For instance, the semi-deviation
and downside deviation increase by 0.001, whereas the historical
expected shortfall deteriorates by 0.003. The return-risk ratio
also decreases by 0.254, further reinforcing the relative ineffi-
ciency of the ESG version. This suggests that, in this instance,
ESG portfolios fail to achieve the intended risk reduction.

For Portfolio 2, ESG integration results in slightly lower returns
(0.211 vs. 0.227), with a delta of —0.016, though the difference is
not statistically significant. ESG portfolios also exhibit slightly
higher risk levels, and these differences are statistically signif-
icant. Although the return-risk ratio increases by 0.573, this
improvement is not statistically significant, suggesting that
the apparent efficiency gains may be driven by noise rather
than a meaningful advantage. Moreover, the return-DD ratio
declines by 22.095, indicating that ESG assets may not offer ef-
fective protection against extreme losses or tail risks. Overall,
this mixed performance does not support a clear case for ESG
outperformance in the US market. In relation to the US-focused
literature, these findings align with Plagge and Grim (2020)
and Huang (2024), who observed no significant performance
differences over the long term, and partially with Dumitrescu
et al. (2023), who reported underperformance of ESG ETFs
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over a comparable period (2010-2020). However, they contrast
with Miralles-Quirés et al. (2019), who found evidence of out-
performance. Similar to our results, ESG integration increases
the return-risk ratio, but in our study, this improvement is not
statistically significant.

5.3.2.2 | Pre-Crisis Subperiod. In the pre-crisissubperiod,
similar to the European case, Portfolio 1 with ESG investments
continues to show lower returns (0.001 vs. 0.004) and return-—
risk ratios. However, unlike in Europe, it again exhibits higher
risk compared to the non-ESG portfolio, with the exception
of the VaR measure. All differences are statistically significant,
reinforcing the underperformance of ESG integration in this
strategy. In sum, although the return delta of —0.003 is modest, it
isaccompanied by increases of 0.001 in semi-deviation and 0.002
in standard deviation, which jointly result in a 0.060 decline in
the return-risk ratio—highlighting the negative impact of ESG
integration on performance efficiency in this subperiod.

For Portfolio 2, ESG assets generate a slightly higher return with
adeltaof0.010(0.122vs.0.112), though the difference is not statis-
tically significant. The ESG portfolio shows a marginally higher
risk profile, with statistically significant increases in key risk
measures. Despite this slight rise in risk, the return-risk ratio
improves by 0.452; however, this improvement is not statistically
significant. These findings align with Dumitrescu et al. (2023)
and are consistent with Valadkhani and O'Mahony (2024), who
report mixed ESG performance depending on timing and fund
selection in their subperiod analysis.

5.3.2.3 | COVID-19 Transition Phase. Similar to
the European case, during the COVID-19 transition phase,
Portfolio 1 with ESG investments continues to underperform
in terms of returns (—0.032 vs. —0.017) and return-risk ratios.
However, unlike in Europe, it exhibits higher risk levels, with
these differences being statistically significant. The return delta
of —0.015, along with a decline in the return-risk ratio of 0.080
points, illustrates the underperformance and inefficiency of ESG
integration during this period in the risk-minimization strategy.
This reinforces the notion that ESG assets fail to provide effec-
tive risk mitigation in volatile market conditions, particularly
when the primary objective is minimizing risk.

However, in the US case and for Portfolio 2, the ESG portfolio
significantly outperforms its non-ESG counterpart (1.380 vs.
0.377), delivering higher returns and return-risk ratios despite
a slightly elevated risk profile, with most differences being sta-
tistically significant. This return delta of 1.004 is the largest
observed across all periods, highlighting the strong positive
impact of ESG integration. However, although the return-risk
ratio improves by 3.228, this difference is not statistically sig-
nificant. Although this performance is among the strongest ob-
served across all periods, it may not fully reflect a meaningful
advantage, especially considering the lack of statistical signif-
icance in the return-risk improvement. These findings align
with prior studies reporting mixed or phase-dependent ESG
ETF performance (Valadkhani and O'Mahony 2024; Meehan
and Corbet 2025) and partially with those showing ESG outper-
formance during crisis periods (Huang 2024; Kanamura 2021;
Landi et al. 2024; Nofsinger and Varma 2014). However, they

partially contrast with Omura et al. (2021), who find no such
advantage during the COVID-19 crisis.

5.3.2.4 | Crisis Subperiod. In the crisis subperiod, Portfo-
lio 1 with ESG investments shows no significant difference in
mean returns between the ESG and non-ESG versions (—0.033
for both). However, risk metrics are slightly worse for the ESG
portfolio, with differences being statistically significant. Despite
slightly better return-risk ratios for the ESG portfolio, with a
delta value of 0.040, and statistically significant differences,
the ESG assets do not provide the expected risk mitigation in
this turbulent period.

However, similar to the European case, for Portfolio 2, the
ESG portfolio once again outperforms the non-ESG version,
delivering higher returns (0.201 vs. 0.108), with the differences
being statistically significant. This return delta of 0.094 signals
a strong performance improvement. Although risk metrics in-
crease slightly (e.g., standard deviation by 0.028), the return-risk
ratio improves significantly by 0.496, confirming the enhanced
efficiency of the ESG portfolio. This suggests that ESG assets
provide a degree of outperformance, particularly in challenging
market conditions, without substantially increasing the overall
risk profile. Similar to the previous subperiod, these findings are
consistent with earlier research (Huang 2024; Kanamura 2021;
Landi et al. 2024; Nofsinger and Varma 2014), which reports
ESG ETFs outperformance in the United States during periods
of crisis.

5.3.3 | Comparative Analysis Between Europe
and the United States

To conclude, the findings across various time periods indicate
that, in the European market, ESG investments consistently ex-
hibit lower risk levels in risk-averse strategies such as Portfolio
1, reaffirming their effectiveness as tools for downside protec-
tion. However, this conservative profile often comes at the cost
of lower returns and weaker return-risk ratios. Regarding the
US case and Portfolio 1—focused on risk minimization—ESG
investments consistently underperform, not only yielding lower
returns but also exhibiting higher risk levels across all subpe-
riods, although it should be noted that for the crisis phase, the
return-risk ratio is slightly higher than that of the non-ESG
portfolio. This contrasts with the expected protective role of ESG
assets, suggesting that, in this context, they fail to deliver effec-
tive downside risk mitigation.

Specifically, when comparing deltas between Europe and the
United States for Portfolio 1 during the transition and crisis
periods, Europe shows a more significant reduction in risk, as
measured by standard deviation (risk delta of approximately
—0.035 during transition and —0.028 during crisis) compared
to the United States, where risk deltas are positive (+0.017 in
transition and +0.004 in crisis). Return deltas are negative in
both markets, with Europe experiencing moderate reductions
in returns (—0.013 transition; —0.010 crisis), whereas the United
States shows larger negative return deltas in transition (—0.015)
but negligible difference during crisis (0.000). This suggests that,
for risk-focused portfolios, ESG ETFs deliver more favorable
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outcomes in Europe—particularly in terms of risk mitigation—
than in the United States.

Extending this analysis to the entire period and pre-crisis subpe-
riod confirms this pattern: in Europe, risk reductions are consis-
tent (e.g., standard deviation delta of —0.025 in the entire period
and —0.003 pre-crisis), whereas return deltas remain slightly
negative (—0.003 entire period; —0.006 pre-crisis). In contrast,
the United States shows a reverse dynamic: positive risk deltas
(+0.015 entire period; +0.002 pre-crisis) and more pronounced
return losses in the entire period (—0.012). This reinforces that
ESG ETFs in the United States do not fulfill a risk-mitigation
role for conservative strategies.

In contrast, for utility-maximizing strategies such as Portfolio 2,
designed to balance return and risk, ESG integration consistently
enhances financial performance in Europe—delivering signifi-
cantly higher returns and improved return-risk ratios across all
subperiods, including the COVID-19 transition and crisis phases.
Notably, these benefits are achieved without a proportionate in-
crease in risk, reinforcing the strategic value of ESG investing
in dynamic market conditions. In the United States, Portfolio
2 shows a more favorable outcome for ESG integration than
Portfolio 1 in periods of heightened market stress such as the
COVID-19 transition phase and the crisis subperiod. In these sce-
narios, ESG portfolios outperform their non-ESG counterparts in
terms of returns and return-risk ratios, despite a slightly higher
risk profile. These results reinforce the notion that ESG strategies
can enhance performance under volatile conditions when inte-
grated within a more balanced investment framework.

Specifically, in the transition period, Europe shows a return
delta of +0.075 with a slight increase in risk (+0.011), whereas
the United States exhibits a much higher return delta of +1.003
accompanied by a larger risk increase (+0.030). This results in a
return-risk ratio improvement of +0.231 in Europe and a larger
+3.228 in the United States, although this latter improvement is

not statistically significant. These results indicate that conclusions
regarding ESG outperformance in the United States during the
transition period should be interpreted with caution. In the crisis
period, Europe presents a return delta of +0.062 with a minor risk
increase (+0.004), whereas the United States also improves returns
(+0.094) but with a higher risk increase (+0.028). Interestingly,
the return-risk ratio delta during the crisis is again higher in the
United States (+0.496) compared to Europe (+0.414), and in this
case, the difference is statistically significant, indicating superior
risk-adjusted efficiency for US ESG portfolios under stress, despite
the greater risk associated with their higher returns.

Looking at the entire period and pre-crisis phases, Europe ex-
hibits clear performance advantages for Portfolio 2. The return
delta reaches +0.067 over the full period and +0.116 in the pre-
crisis phase, both with negligible risk changes (—0.003 entire;
+0.007 pre-crisis), resulting in robust improvements in return—
risk ratios (+0.518 entire; +0.897 pre-crisis). In contrast, the
United States shows a negative return delta for the entire period
(=0.016) and only a modest gain in the pre-crisis phase (+0.010),
whereas risk increases in both (+0.010 and +0.005, respec-
tively), which compresses return-risk efficiency. Although the
return-risk ratios for the United States increase by +0.573 and
+0.452 during the entire and pre-crisis periods, respectively,
these improvements are not statistically significant.

Overall, the findings highlight that ESG ETFs not only demon-
strate resilience but also outperform traditional ETFs in terms
of risk-adjusted returns during crisis periods in Europe and es-
pecially in the United States when utility-maximizing strategies
are applied. Furthermore, an important insight emerges when
comparing long-term performance: Whereas ESG ETFs con-
sistently outperform traditional ETFs across all subperiods in
Europe within utility-maximizing portfolios, their performance
in the United States is more conditional, showing strong results
only during crisis periods—likely reflecting differences in reg-
ulatory maturity and investor attitudes toward ESG. Table 13

TABLE 13 | Comparative analysis of ESG and non-ESG portfolios by indicators, investor types, markets, and time horizons.

Risk-averse investors (P1)

Risk-return investors (P2)

Better
Europe USA market Europe USA Better market
Return/risk/ Return/risk/ Return/risk/ Return/risk/
Period return-risk return-risk return-risk return-risk
Entire period Under/out/ Under/under/ Europe Out/out/out Marginal Europe
under under under/under/
marginal out
Pre-crisis Under/out/ Under/under/ Europe Out/under/out Marginal Europe
under under out/under/
marginal out
Transition Under/out/ Under/under/ Europe Out/under/out Out/under/ Europe
under under marginal out
Crisis Under/out/ ~/under/out Europe Out/under/out Out/under/out United States
under

Note: P1 denotes Portfolio 1 (risk-averse investors), and P2 denotes Portfolio 2 (risk-return optimizing investors). “Out” indicates outperformance of ESG portfolios
relative to non-ESG portfolios, whereas “Under” indicates underperformance. “Marginal out” and “Marginal under” refer to outperformance or underperformance
that is not statistically significant. The “Better market” is selected based on risk for risk-averse investors (P1) and based on return-risk for risk-return investors (P2).
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summarizes the performance comparison between ESG and
non-ESG portfolios across different periods and markets, based
on return, risk (standard deviation), and return-risk. It high-
lights which market shows better relative performance for each
portfolio type and period.

Based on the results, for the European market, Hypotheses 1
and 2 would be accepted for both portfolios. Outperformance
is interpreted as lower risk for risk-averse investors (Portfolio
1) and higher risk-adjusted returns for risk-return investors
(Portfolio 2). Hypothesis 1, as previously discussed, is based
on modern portfolio theory and stakeholder theory, which em-
phasize diversification and stakeholder engagement as key
drivers of financial performance. Hypothesis 2 is supported
by risk management theory and the resource-based view, which
highlight how ESG capabilities enhance resilience in volatile
contexts, such as during financial or health crises. However,
Hypothesis 3, grounded in agency theory, is rejected based on
the observed data, as the expected negative impact of agency
problems on ESG investment performance was not evident in
our analysis. This may reflect lower managerial opportunism or
window dressing in European ESG funds, possibly due to stron-
ger regulatory and market pressures. However, the underlying
factors contributing to these results will be explored later in this
section.

On the other hand, for the US market, the results are more
phase dependent. In this case, Hypothesis 1 would be rejected
and Hypothesis 3 would be accepted for the entire period and
the pre-crisis period for both portfolios, as in these phases, port-
folios including ESG ETFs underperform traditional portfolios.
This could be explained by the perception that ESG actions are
symbolic or insincere. This hypothesis is based on agency the-
ory and its extensions, which suggest that ESG initiatives can
reduce firm value when driven by managerial self-interest or
window dressing practices. As for Hypothesis 2, it would not
be accepted for Portfolio 1 (risk-averse investors) but would be
accepted for Portfolio 2 (risk-return investors) during the crisis
subperiod and partially during the transition subperiod. In the
transition phase, ESG portfolios show outperformance in terms
of risk-adjusted return, but the differences are not statistically
significant.

These results may be attributed to a combination of structural
and behavioral factors. Structural elements include the regu-
latory framework, ESG disclosure rules, the size and matu-
rity of the ETF market, and fiscal incentives, among others.
Behavioral factors relate to the degree of investor interest in
ESG, public opinion pressure, and cultural preferences, among
others. Table 14 provides a concise overview of the key insti-
tutional and behavioral differences between the European

TABLE 14 | Factors influencing ESG ETF performance in Europe and the United States.

Factors Europe United States
Institutional factors
Regulation and disclosure « Harmonized ESG reporting framework « Less extensive regulatory framework,

(NFRD, CSRD, EFRS)

recent climate rules with narrower
scope, regulatory rollbacks in 2025

« Robust rules and clear mandates for o Climate-related SEC rules less

nonfinancial disclosure

comprehensive and consistent

Market size and maturity « Large sustainable fund market (USD 2.67 « Smaller market (USD 329 billion)

trillion)

« Strong presence of insurers, pension funds, and  « Less mature structurally and lower

developed financial markets

Fiscal incentives « Combination of national tax measures
and supranational regulations (SFDR, EU

institutional presence

Project-level tax credits and accelerated
depreciation (Inflation Reduction Act

Taxonomy) 2022)
Behavioral factors
Investor behavior « Greater cultural alignment with sustainability « Stronger return orientation,
objectives heterogeneous ESG integration among

 High financial literacy and stronger social

portfolio managers

Nearly 50% of retail investors not

pressure motivated to invest in ESG without clear
financial rationale
Risk of symbolic practices « Lower incidence due to continuous « Higher prevalence of window dressing

(greenwashing)

transparency and stricter regulations

and opportunistic practices like green
window dressing

Regulation limits symbolic ESG commitments « Studies document greater use of vague or

selective disclosures
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and US markets regarding ESG ETFs performance. The fol-
lowing discussion elaborates on these contrasts. Regarding
the first structural factor, Europe benefits from a harmonized
regulatory framework and disclosure architecture that offers
a robust foundation for ESG integration. Notably, the analysis
period begins in 2014, coinciding with the implementation of
the NFRD, which marked the start of more formalized ESG
reporting across the EU. As outlined in the Introduction, this
trajectory has been reinforced by subsequent regulations, such
as the CSRD and the adoption of the EFRS, which expand the
scope and depth of nonfinancial disclosures. Although the
US regulatory framework is also relevant, it remains com-
paratively less extensive, with recent climate-related disclo-
sure rules from the SEC covering a narrower scope than their
European counterparts. Moreover, political shifts—such as the
regulatory rollbacks initiated in 2025—have introduced fur-
ther discontinuities.

Another structural driver that may be underpinning results
concerns market size and maturity. According to Morningstar
Sustainalytics (2025a, 2025b), Europe accounts for approxi-
mately USD 2.67 trillion in sustainable fund assets compared
to USD 329 billion in the United States, representing 84% and
10% of the global total, respectively—a pattern consistent with
previous quarters. This structural predominance is supported
by factors such as the expansion of insurance companies and
pension funds, well-developed financial markets, widespread
ICT adoption, financial accessibility and literacy, and a highly
educated population (Marszk and Lechman 2024). Fiscal in-
centives further differentiate the two markets: Whereas the
United States relies primarily on project-level tax credits and
accelerated depreciation—most notably expanded under the
Inflation Reduction Act of 2022—the EU framework combines
national tax measures with supranational regulatory initiatives
(e.g., Sustainable Finance Disclosure Regulation [SFDR], EU
Taxonomy) that indirectly stimulate demand for sustainable
investment products (European Commission, Directorate-
General for Taxation and Customs Union 2025; Organisation for
Economic Co-operation and Development (OECD) 2024).

Behavioral factors complement this picture. Investors in
Europe appear, on average, more culturally aligned with
sustainability objectives (Amel-Zadeh and Serafeim 2018;
Maignan 2001), whereas United States investors display a
stronger return orientation shaped by a more fragmented regu-
latory landscape. Portfolio managers in the United States also
show greater heterogeneity in ESG integration (Van Duuren
et al. 2016), and nearly half of US retail investors report no mo-
tivation to invest in ESG products unless there is a clear finan-
cial rationale (Giglio et al. 2025). Recent evidence in the US
context also shows that institutional investors, while adding
high-ESG firms to their portfolios, often assign them relatively
low weights—suggesting a more symbolic than substantive
stance and raising concerns of greenwashing (Lopez-de-
Silanes et al. 2024). Further, Parise and Rubin (2023) docu-
ment a practice of strategic green window dressing in which
US mutual funds temporarily increase ESG exposure before
disclosure dates to enhance ratings and attract inflows, only
to reduce it afterwards. These patterns are less prevalent in
European markets, where continuous transparency require-
ments under frameworks such as the SFDR and EU Taxonomy

constrain such short-term positioning. This aligns with prior
research highlighting the moderating role of institutional and
regulatory environments in the incidence of greenwashing:
Baum (2012) identifies a higher frequency of vague or unver-
ified environmental claims in US advertising compared to
the United Kingdom; Marquis et al. (2016) show that weaker
regulatory and societal pressures are linked to greater use of
selective disclosure; and Mateo-Marquez et al. (2022) find that
voluntary and less stringent disclosure regimes allow greater
latitude for such practices. Although none of these studies ex-
plicitly conclude that greenwashing is more prevalent in the
United States than in Europe, their combined insights rein-
force the interpretation that stronger and more harmonized
regulatory frameworks, as found in parts of Europe, limit the
scope for symbolic ESG commitments and contribute to the
more consistent performance of ESG ETFs in those markets.
In sum, the more opportunistic behaviors observed in the
United States resonate with the theoretical underpinnings of
Hypothesis 3, grounded in agency theory and its extensions,
which posit that managers may undertake ESG initiatives
not solely to maximize long-term shareholder value but also
to pursue personal reputational gains, respond to social pres-
sure, or divert attention from operational underperformance.
In such cases, ESG engagement risks becoming window dress-
ing, where symbolic commitments outweigh substantive ac-
tion, potentially leading to resource misallocation and weaker
financial outcomes.

Connecting with existing literature, the results of this re-
search generally align with previous European studies (Landi
et al. 2024; Chakrabarty et al. 2017) but add new insights by
recognizing ESG ETFs' protective role during downturns.
In the United States, they confirm underperformance in the
long term (Dumitrescu et al. 2023) but support ESG resilience
during crises (Nofsinger and Varma 2014; Kanamura 2021).
This study also diverges from others—such as Miralles-
Quiros et al. (2019), Plagge and Grim (2020), and Omura
et al. (2021)—that report contrasting conclusions on ESG
ETFs' performance. Additionally, it contributes to the phase-
dependent findings of Valadkhani and O'Mahony (2024) and
Meehan and Corbet (2025). The identified discrepancies may
stem from several factors, including differences in the time
frames analyzed, the methodological approaches employed—
such as variations in portfolio construction, risk-adjusted
performance metrics, or benchmark selection—and the spe-
cific sectoral composition of the ESG ETFs considered. These
variations are summarized in Table 1, which highlights key
differences across the studies reviewed. Additionally, vari-
ations in ESG scoring methodologies and inclusion criteria
may also contribute to divergent results, as they affect which
firms are classified as ESG-compliant. Moreover, some stud-
ies may focus on narrow crisis periods, whereas others adopt
broader windows that smooth out short-term dynamics. Taken
together, these design choices can significantly shape the ob-
served performance of ESG investments and partially explain
the inconsistencies found across the literature. For this reason,
further research is needed. Despite the growing academic in-
terest in ESG ETFs, as evidenced by the increasing number
of recent publications, the field remains relatively limited in
scope, particularly in terms of standardized methodologies
and cross-market comparisons.
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TABLE 15 | Recommended investment strategy depending on investor profile.

Recommended
Investor profile region Portfolio type Practical implication
Conservative Europe Portfolio 1 ESG ETFs may reduce risk but often deliver lower
(risk-minimizer) returns; favor funds with strong regulatory backing
Moderate risk Europe Portfolio 2 ESG integration improves risk-return balance across all

tolerance

Short-term/tactical United States Portfolio 2

periods in Europe, including crises; in the United States,
benefits are more pronounced during periods of market stress

ESG ETFs in the United States can offer tactical
hedging benefits mainly during market turmoil, with
less consistent performance outside crisis periods

5.4 | Practical Implications for Investors
and Policymakers

The results presented in this study carry relevant implications
for both investment decision-making and sustainability-related
financial regulation.

5.4.1 | Implications for Investors

First, the findings indicate that ESG ETFs, particularly those
listed in Europe, contribute positively to utility-maximizing
portfolio strategies (Portfolio 2). In this context, ESG inte-
gration does not imply a trade-off between risk and return;
rather, it provides diversification and conditional hedging
benefits, which remain relevant during periods of heightened
market stress, such as the COVID-19 crisis. Investors with
moderate to long-term horizons and a balanced risk appetite
may therefore benefit from including European ESG ETFs in
their portfolios.

Second, the evidence suggests that ESG ETFs are less effective
in pure risk-minimization frameworks (Portfolio 1), particu-
larly in the US market, where they were associated with lower
returns and higher volatility. For more risk-averse investors,
ESG integration should be approached with greater selectiv-
ity, potentially favoring European-domiciled funds with stron-
ger regulatory backing and more transparent sustainability
disclosures.

Third, ESG ETFs exhibit time-varying performance, often
demonstrating resilience and enhanced returns during periods
of financial turmoil, both in Europe and the United States—
particularly when incorporated within utility-maximizing
portfolio strategies. This behavior supports their classification
as conditional safe-haven assets rather than constant hedging
instruments. Tactical or dynamic allocation strategies may
therefore benefit from ESG exposure during volatile market
regimes.

Table 15 offers a summary of recommended ESG investment
strategies tailored to different investor profiles, portfolio objec-
tives, and regional considerations, based on the empirical find-
ings of this study.

5.4.2 | Implications for Policymakers

The results also reveal an important interaction between ESG
financial performance and the regulatory environment. Overall,
the superior behavior of European ESG ETFs—in terms of both
returns and volatility—may reflect the credibility and consis-
tency provided by regulatory initiatives such as the NFRD, the
CSRD, and the SFDR. These measures improve transparency
and comparability, facilitating investor decision-making and
contributing to more efficient ESG markets.

In contrast, regulatory fragmentation and policy rollbacks in the
United States may have negatively impacted investor confidence
and the financial performance of US-listed ESG ETFs, particu-
larly in the entire period and pre-crisis phase. Weak or inconsis-
tent ESG standards can hinder the development of credible ESG
products, dilute the quality of disclosures, and ultimately reduce
the perceived legitimacy of sustainable investing.

This evidence underscores the strategic importance of main-
taining strong regulatory frameworks in Europe. Although re-
cent decisions by the European Parliament have delayed new
corporate sustainability and due diligence rules—citing admin-
istrative and competitiveness concerns amid global regulatory
disparities—our findings highlight the risks such delays pose to
the consistency, credibility, and long-term viability of ESG in-
vestments. Reversing progress made through policy frameworks
like the SFDR and the EU Taxonomy could undermine both sus-
tainability objectives and the financial benefits ESG assets pro-
vide to investors.

Maintaining a stable, transparent, and harmonized regulatory
environment is therefore essential—not only to advance sus-
tainability goals but also to ensure that ESG assets continue to
deliver risk-adjusted financial benefits to investors.

6 | Conclusions

This study investigates the evolving role of SRI, particularly
through ESG ETFs, which have gained prominence due to the
increasing corporate disclosure of ESG information. Specifically,
the research focuses on the role of ESG ETFs within diversified
portfolios and their potential for risk reduction in both Europe
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and the United States during periods of stability and crisis, with
particular attention to market-specific differences. It aims to
address the scarce and inconclusive results in the previous lit-
erature regarding ESG ETFs' performance while also analyzing
SRI in a context where sustainability regulations are increas-
ingly being challenged by shifting political trends.

The findings show that the effectiveness of ESG ETFs is neither
universal nor consistent across regions. In the European con-
text, ESG integration proves particularly beneficial for utility-
maximizing strategies (Portfolio 2), consistently delivering
statistically significant improvements in returns and return-risk
ratios across all subperiods, without a proportionate increase in
risk. This suggests that ESG characteristics may act as strategic
assets (McWilliams and Siegel 2011), reinforcing firm resilience
and supporting the resource-based view theory of competitive
advantage. Conversely, for risk-minimizing strategies (Portfolio
1), ESG investments systematically reduce risk but often at the
expense of lower returns, which limits their overall financial
performance enhancement. In this case, the role of ESG may be
best understood through the risk management theory (Bouslah
et al. 2013), as a mechanism for mitigating volatility rather than
enhancing returns.

In contrast, the US results present a more mixed picture. For
Portfolio 1, ESG ETFs consistently underperform by delivering
lower returns and exhibiting higher risk across all subperiods—
challenging the notion of ESG's protective function in conser-
vative investment strategies. However, for utility-maximizing
strategies (Portfolio 2), ESG integration leads to superior per-
formance, particularly during periods of elevated market un-
certainty such as the COVID-19 transition and crisis phases. In
these scenarios, ESG portfolios significantly outperform their
non-ESG counterparts in terms of returns and return-risk ra-
tios, despite slightly higher risk levels. These findings may be
explained by the evolving role of ESG in shaping investor and
stakeholder behavior, particularly under conditions of market
stress. They are consistent with Lins et al. (2017), who show that
US firms with stronger CSR profiles outperformed during the
2008-2009 financial crisis, and Moalla and Dammak (2023),
who find that ESG performance functioned as a form of finan-
cial “insurance” during the COVID-19 pandemic in the US stock
market. Stakeholder theory (Freeman 1984) and the concept of
“moral capital” (Godfrey et al. 2009) may help explain why firms
with strong ESG practices are perceived as more trustworthy,
thereby attracting investor confidence in times of crisis.

In sum, the regional disparities identified reinforce this study's
contribution by expanding the geographic scope of ESG analysis
to both Europe and the United States, addressing the persistent
US bias highlighted in prior studies (Rathner 2013; Stellner
et al. 2015). Furthermore, the variation in outcomes across invest-
ment strategies and time periods highlights a key feature of this
study's broader and more recent temporal scope, which enables a
comprehensive assessment of ESG performance before, during,
and after major global crises.

Differences across regions likely reflect the maturity of ESG
regulations and prevailing investor attitudes. In Europe,
harmonized disclosure frameworks like the CSRD and EU
Taxonomy offer a stable basis for ESG integration, alongside

greater cultural alignment with sustainability objectives
(Amel-Zadeh and Serafeim 2018; Maignan 2001). Conversely,
the United States has only recently begun formalizing ESG
disclosures, and investor behavior remains more return-
driven within a fragmented regulatory landscape. Greater
heterogeneity among US portfolio managers in applying ESG
data (Van Duuren et al. 2016), combined with less stringent
transparency requirements, may increase the risk of sym-
bolic ESG practices such as greenwashing (Lépez-de-Silanes
et al. 2024; Parise and Rubin 2023). Additionally, differences
in fiscal incentives further shape market dynamics and ESG
adoption in both regions. Although it is well established that
these institutional and behavioral factors influence ESG ETF
performance, determining the relative contribution of each
factor lies beyond the scope of this research and represents a
promising avenue for future investigation.

From a policy standpoint, the results suggest that regulatory co-
herence is crucial for effective ESG integration. In the United
States, frequent shifts in ESG disclosure requirements—such
as those introduced by the SEC and then rolled back under the
Trump administration (Green Central Banking 2025)—create
uncertainty and undermine long-term investor trust. Even in
Europe, recent delays in implementing sustainability regula-
tions (European Parliament 2025) reveal the fragility of political
commitment. To ensure effective ESG adoption, governments
should prioritize consistent, enforceable, and internationally
harmonized standards, along with greater oversight of ESG rat-
ingsand transparency infrastructure. Targeted incentives—such
as tax relief or capital benefits—could also encourage broader
implementation, particularly in markets where voluntary ESG
adoption remains limited. Ultimately, without sustained regu-
latory commitment and clear incentives, the integration of ESG
principles may remain inconsistent, undermining both investor
confidence and broader sustainability goals.

These policy challenges are particularly relevant for investors
managing long-term capital. The results indicate that ESG ETFs
are not universally superior assets; their effectiveness depends
on timing and strategy. Specifically, they prove more valuable
within utility-maximizing approaches and during periods of
elevated uncertainty, when their resilience is more apparent.
Although our findings show ESG ETFs do not consistently out-
perform across all periods—in particular, underperforming in
full-period analyses in the United States—their crisis resilience
and alignment with evolving sustainability expectations support
their role in strategically diversified, long-term portfolios.

Building on these insights, we recommend that regulators
advance harmonized ESG disclosure frameworks while ac-
knowledging the heterogeneity in ESG effectiveness across
strategies and regions. Recognizing that ESG ETFs offer both
financial and nonfinancial value primarily when aligned with
long-term, utility-maximizing goals and under uncertain
market conditions is essential, especially for institutional in-
vestors seeking resilient, values-aligned assets that maintain
confidence during downturns.

Although this study offers important insights into ESG ETF
performance across different markets and conditions, it is not
without limitations. It focuses on a limited number of large,
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representative ETFs, which—despite their substantial assets
under management and relevance to institutional investors—
may not capture the full diversity of ESG investment strategies
globally. In particular, emerging markets remain underexplored
in this context. These regions are becoming increasingly active
in sustainable finance and may offer distinct ESG integration
patterns, challenges, and investor behaviors that differ from
those observed in more mature markets. Therefore, a promis-
ing avenue for future research would be to analyze ESG ETFs in
emerging economies, as doing so could shed light on how reg-
ulatory frameworks, market maturity, and socioeconomic con-
texts influence ESG performance. Moreover, although this study
identifies notable performance differences between regions, the
underlying determinants of these disparities require further, fo-
cused investigation—a topic that remains largely unexplored in
the context of ESG ETFs and represents an important direction
for future research. Additionally, given the evolving regulatory
landscape—especially in the United States, where ESG-related
policy remains a subject of political debate—future studies
could also examine how shifts in political leadership and policy
orientation shape the dynamics and outcomes of ESG investing.
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